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Abstract. This pilot case study, which outlines an introductory computer pro-
gramming project, using Python, builds on the international success of the “Lit-
eracy from Scratch” teaching model [1-3]. Its aim is to contextualise the teaching
of Python through a cross-curricular teaching and learning model, rather than
through teaching Python elements separately. It therefore recommends the devel-
opment of elementary coding skills by pupils, aged from 10 to 14 years, through
the creation of very short stories or scripts, using Python strings. Each story
chapter of the project further introduces worked examples of additional Python
programming elements such as Turtle graphics and times-tables, within the con-
structionist framework of a creative writing project [4]. The project is supported
by a free website for teachers. Our hope is that this creative approach to coding
may encourage the enthusiastic adoption of such a cross-curricular method for
teaching and learning computer coding with Python in our schools.

Key words: Python, Scratch, story-telling, cross-curricular teaching and learn-
ing, creativity, constructionism, contextualisation

1 Introduction

Teachers in England state schools are required to teach two computer programming
languages to their students, from age 5 years. One of these languages can be a visual
or “block coding” program, such as Scratch, but the other must be text-based, such as
Python. In practice, the programs most commonly used in England’s schools, because
they are free, are Scratch, frequently for pupils aged 5 to 11 years, followed by Python
for ages 11 years upwards. Some schools purchase computer programming packages
because they come with prepared lesson plans, and teaching strategies. To support the
development of Scratch in our UK schools, Brunel University London, and Charles
University in Prague, Czech Republic, with Torino University, Italy, developed the free
website, “Literacy from Scratch”. Devised by Lawrence Williams (at Brunel’s Educa-
tion Department), and quickly shared with other teacher training teams abroad, it
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proved to be very popular, and an accompanying text book was subsequently commis-
sioned, and published, by Routledge [5]. The learning model for Python, presented
here, is founded on the same constructionist and psychological principles [6].

My previous work in “Literacy from Scratch” at Brunel’s partner schools in west
London, resulted in pupil projects being fully completed by an entire Year 8 group (160
students, aged 12—13 years) at Bishop Ramsey School, and later by a Year 1 class (aged
5 years) and a Year 2 class (aged 6 years) at the Swaminarayan Primary School. All of
the pupils involved met all the assessment criteria for the project, including story-tell-
ing, use of dialogue, animation, and simple art work for creating backgrounds and story
characters. The success of this earlier project rested partly on the contextualisation of
the learning of coding: secondary school pupils wanted to tell their stories, and the only
way to do this was through using accurate Scratch coding, a powerful incentive to learn-
ing. At Primary school level (5 years to 11), the teachers already knew how to develop
creative writing skills, and, once again, Scratch became the new means by which to
deliver creative and animated narrative work. Contextualised learning, in our view,
clearly helps students to make connections between the content of their studies and the
context in which it is developed. Vygotsky [6] refers to this as the “gap between what
is known and what is being learned”. Students draw from their previous experience (in
this case, of writing narratives, creating characters and dialogue) to give new meaning
to what they are now learning i.e. Scratch and Python computer coding [7].

The second requirement of using a text-based computer language, however, is more
difficult for UK teachers, currently still largely untrained in programming. Following
the classroom success of the “Literacy from Scratch” teaching and learning project, we
(the paper authors) are starting to develop “Literacy from Python”, based on this earlier
curriculum model. It aims to support the following elements of the Programmes of
Study, Key Stage 3, England National Curriculum':

“Pupils should be taught to:

e ‘“‘use 2 or more programming languages, at least one of which is textual, to
solve a variety of computational problems; make appropriate use of data
structures [for example, lists, tables or arrays]; design and develop modu-
lar programs that use procedures or functions

e “understand how instructions are stored and executed within a computer sys-
tem; understand how data of various types (including text, sounds and
pictures) can be represented and manipulated digitally, in the form of bi-
nary digits

e ‘“undertake creative projects that involve selecting, using, and combining
multiple applications, preferably across a range of devices, to achieve
challenging goals, including collecting and analysing data and meeting the
needs of known users

e “create, reuse, revise and repurpose digital artefacts for a given audience,

with attention to trustworthiness, design and usability”2.

! Statutory Guidance, announced in February 2012, National Curriculum in England, Computing
Programmes of Study, Key Stage 3, for implementation (2013)

2 The UK National Curriculum in Computing elements, highlighted in bold, are fulfilled by the
“Literacy from Python” project.



The first steps taken (called Chapter 1 on the website) were originally, however,
simply an experimental exploration of what might be done to contextualise the learning
of Python, as we had done earlier for Scratch. Once the model had been conceptualised
by the paper’s authors as a possible cross-curricular working model, however, Beth
(Beth Mead, a primary school pupil, then aged 11 years) and I set about developing
further narrative scripts. The model was developed based specifically on the “Literacy
from Scratch” model, and all of the Python coding was written by Beth. Largely self-
taught, she used coding books [8], and online resources, such as the modified Turtle
graphics example given in Chapter 3, shown later. Each Chapter added more Python
elements as part of Beth’s narrative scripts, and we created a website to share these
thoughts (and the coding elements) with teachers. This thinking crystalised into the
following set of project aims for the “Literacy from Python” project:

e Todevelop a cross-curricular project including simple story-writing skills and
computer coding

e To develop elementary computer programming skills, using Python elements,
such as strings and lists

e To provide support for UK Key Stage Computing courses (for ages 11 to 14
years) and GCSE Computer Science (for ages 15 to 16 years), and possibly
for postgraduate teacher training courses

e To develop contextualised learning as a framework for teaching Python

e To create an educational support site, where teachers can download suitable,
free classroom resources based on this teaching and learning model

The “Literacy from Python” project evolved, then, from an experiment with story-
telling, which started in early 2018. Beth wrote the first short story using Python strings,
set in a classroom, and involving her real-life pet dog, Maisy, and her Aunt Justine’s
cat, Malika. This project was itself the development of a series of short stories, “Stories
for Children 2” that she had already written and published on the web, using Microsoft
(MS) PowerPoint, to exemplify some basic computer coding concepts such as Algo-
rithms, Abstraction, Decomposition, Generalisation, Logical Thinking, and If, Then,
Else. These MS PowerPoint coding stories are posted on the “World Ecitizens” website
as a free resource for teachers. There was then a delay, throughout 2018, while Beth
and I worked together on some new projects using Scratch 2 and then Scratch 3, incor-
porating Sibelius music files with Lloyd Mead, at Lambeth College [9]. We returned to
look at Python in 2019, to develop this storytelling idea further. Frustratingly, while
positive discussions are currently underway with local schools and colleges, the class-
room development of this work has, owing to severely restricted access to schools, been
slowed by Covid?®.

While there is a useful (single) introductory lesson on the MIT Scratch website,
showing how to download Python, there is, as yet, no material for developing story-
telling using Python in the cross-curricular way suggested in this paper. The Python

3 This teaching model was first accepted for presentation at ICET 2020 (Vancouver), but was
later withdrawn because of health concerns caused by the Covid pandemic. Presentation of
the paper was postponed, and later delivered by remote video link, at OCCE-IFIP 2021, for
the TPEA.



websites have methods for generating storytelling with Pandas (‘The library called pan-
das’ is a Python package that provides data structures and is useful for structured and
time-series data), but, once again, this is quite different from the creative, cross-curricu-
lar, constructionist, contextualised method of teaching and learning that we are advocat-
ing.

The accompanying Python website?, developed to support this curriculum initiative,
outlines several Python coding skills developed through creative narrative work, di-
vided into very short Chapters or scripts. More elements are planned (see Figure 10).

2 Method

In English lessons, or as an after-school homework, students aged 10 years and upward,
will (post-Covid) be encouraged to create characters, and write a very short story which
includes some dialogue - the “literacy” aspect of the project. This story can then be
taken to the computer room, where, using Python, it can be reworked in the IDLE pro-
gramming window, and printed out in the Shell window as an elementary Python pro-
gram. This model therefore adds creative and cross-curricular elements to the computer
coding process. In Figurel, the programming example can be seen, faintly, on the right
of the illustration, with the instruction to print (in pink in Python — and on the website),
with blank lines added as brackets () and the “table” imported, so that when the story is
saved and “Run” as a program, the reader can choose a times-table which prints out
within the story (in blue text in Python) in the left, shell, window. The “Literacy from
Python” website provides a clearer, more colourful view.
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Fig.1. Simple Python programming for storytelling and times tables

4 The websites referenced in this paper can all be found using Google searches.



This process therefore combines storytelling, simple arithmetic (addition and times-
tables), as well as computer programming. It is explained in fuller detail on the “Liter-
acy from Python” website, together with the downloadable Python story files, for stu-
dents and teachers to explore and develop in their own classrooms.

Fig. 2. Maisy, a real-life Spaniel

Maisy (Figure 2) is one of the characters in the Python stories. She also appears in
the 2017 storybook series that accompanies this ongoing project. Each story, originally
in MS PowerPoint format, and free for use in the classroom, looks at a different element
of computational thinking (“World Ecitizens” website). Some of these concepts are
detailed below.

Computational Thinking

There is no single, agreed definition of computational thinking. It depends upon whom
you ask - programmer, logician, or mathematician. There are, however, several gener-
ally agreed elements, and these are explored in these stories for children. For infor-
mation on the choice of computational thinking concepts, these are shown in the re-
sources developed by Computing at School, and include:

¢ Algorithmic thinking (following a set of rules; sequencing skills)

¢ Debugging (detecting and correcting errors)

e Decomposition (breaking a complex problem down into simpler parts)

e Logical thinking (reasoning skills)

¢ Generalisation (recognising patterns, and using them to find solutions)

o Abstraction (sorting relevant information from unnecessary detail)

These concepts [8] are presented individually through these Maisy stories, and can
be shown to pupils on an interactive whiteboard, or printed out for use in the classroom
(see Figure 3). They can then be discussed in class and incorporated into the narrative
work before embarking on Python coding.

Logic in computing is using

: careful reasoning to find a
R

Computer coding concept: Logic

Fig. 3. A sample title page (one of six stories) exemplifying a coding concept



This teaching method has inspired us (Beth and myself) to develop the idea further,
in addition to the MS PowerPoint method, above, incorporating more and more Python
programming elements, as well as developing the storybook characters along the way
[7]. “Literacy from Python” can be seen, therefore, as the latest development of a series
of storytelling projects, which can be found set out in historical sequence, on the “World
Ecitizens” web site (see the homepage and scroll down: http://www.worldecit-
izens.net/).

The five-chapter story series, together with the Python elements is given below.

Chapter 1: Addition and Times Tables

Python Elements: Text Entry plus Importation of Times-tables
Using Python 3.6.5 originally (see the small text in the top bar of the Figure 4 file),
Beth created a children’s story which introduced her animal characters, Maisy and Mal-
ika, to Addition and Time Tables within an imaginary classroom scenario. This teach-
ing and learning process is further explained on the website, with practical hints for
teachers (see Introduction and Teachers’ Notes).

It is a creative, cross-curricular project that so far involves:

- English (writing short stories, including very careful punctuation)
Mathematics (addition, times-tables, geometry — and we hope to add
graphs later)

Geography

Art

Computing (using Python coding, as a second coding language after
Scratch)

ICT (file management as part of computing)

Beth used the print text facility in Python to make the following short story chapters.
It shows how Python sub-routines (a table, table = int) can be imported and used within
a story-telling context. The text appears within the brackets in green, and “prints out”
as blue:

table = int(input("The 7 times table is one of the hardest. Let's try to make the 7 times
table, and see what happens! Put the number 7 in and press Enter..."))

for x in range(1,13):
print(x, "Xx", table, "=", x*table)

This is found to be much easier than it looks.

So, she wrote the following story, called “Finally” on the website (Finally.py) while
still in primary school, Year 6, aged 11 years. This later became “Chapter 1” of the
current larger computer coding project, “Literacy from Python”, i.e. writing short sto-
ries created by using Python.


http://www.worldecitizens.net/
http://www.worldecitizens.net/
https://sites.google.com/view/literacyfrompython/chapter-1#h.p__QardSOc7tla
https://sites.google.com/view/literacyfrompython/chapter-1#h.p__QardSOc7tla
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Fig. 4. With table included

Chapter 2: A Geometry lesson

Python Elements: Text Entry plus Turtle Module
This Chapter looks at Python for making geometrical shapes. (A year on from Chapter

1, we are now using version 3.7.2.) In the story, the animal characters learn to make a

circle and a square, by importing turtle graphics.

Here is an excerpt from the story:

print(""Malika said, "My friend Maisy and I have been working on Python.
We have been learning how to draw geometrical shapes.

Maisy, would you like to remind everyone how these look? How about a
circle and a square?"")

print()

import turtle

window = turtle.Screen()

turtle.bgcolor("mintcream™) #background colour of the window

turtle.color("olive") #stroke colour

turtle. begin_fill()

turtle. circle(80)

turtle.end fill

from turtle import*

color("mintcream")

forward(50)

color("skyblue™)

shape("turtle")

pensize(4)



forward(50)
right(90)
forward(50)
right(90)
forward(50)
right(90)
forward(50)
right(90)

The result of the above coding:

1

[ [

Fig. 5. Drawing a circle and square in Python, with the story and dialogue on the left
Chapter 3: A Biology Lesson

Python Elements: Text Entry plus Turtle Graphics
This Chapter was demanding. It is a biology lesson, with graphics. The story has a
decorative flower at the end, thanks to inspiration from Aibek Toroev (a software
engineer from Kyrgyzstan). There is a useful YouTube video created by Aibek Toroev,
and with his coding later adapted by Beth, at:
https://www.youtube.com/watch?v=ZsnKkyRCWRA4.


https://www.youtube.com/watch?v=ZsnKkyRCWR4

Fig. 6. The flower in progress (see the website file for the finished bloom)

As noted above, the England National Curriculum in Computing requires pupils to

“create, re-use, revise and re-purpose” digital information, and Figure 6 is an exam-
ple of this requirement.

Chapter 4: A Geography Lesson (Quiz)

Python Elements: Text Entry plus If, Or, Else
The curriculum focus of this Chapter is geography, with a classroom quiz based on If,
Or, and Else in Python coding (see Figure 7).

Fig. 7. If, Or, and Else in Python coding
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Chapter 5: A History Lesson - Illuminated Manuscripts
Python Elements: Text Entry plus Turtle Graphics

This was found to be harder than it looked. Angles were a challenge, but we were
pleased with the result (see Figure 8).

Fig. 8. Coding input with story output, and an “illuminated” letter M

This ended up as a Chapter about a history lesson. However, Beth and I had some
discussion about it possibly being part of an English punctuation lesson (on capital let-
ters) or possibly an art lesson (on calligraphy), or mathematics (on angles).

3 Outcomes

The “Literacy from Python” project is steadily meeting its objectives. The teachers’
website (see Figure 9) now has a series of five completed exemplar stories in short
“Chapters” in which the animal characters, using Python, explore simple arithmetical
concepts such as addition, and times-tables; a lesson in geometry; a lesson in biology;
a lesson with a geography quiz (if, or, else); and using Python to create lettering
(graphics). There are background and introductory notes for teachers, a MS PowerPoint
file indicating the general teaching method, and links to related websites, including one
on constructionism, on which the project is based. The project also supports the Pro-
grammes of Study for the England National Curriculum in Computing for Key Stage 3.
So far (October 2021), the Python website has had over 1,000 visitors. How far the
ideas posted there have been applied in schools remains to be seen: we have added a
Contact Form to the website to support this evidence gathering.


https://sites.google.com/view/literacyfrompython/chapter-5#h.p_3f_metvnH4l0
https://sites.google.com/view/literacyfrompython/chapter-5#h.p_3f_metvnH4l0
https://sites.google.com/view/literacyfrompython/chapter-5#h.p_FIzzWWT6IGS8
https://sites.google.com/view/literacyfrompython/chapter-5#h.p_FIzzWWT6IGS8
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Fig. 9. Literacy from Python website

This constructionist project therefore brings together many elements of the England
school computing curriculum (including ICT skills, computer programming, and com-
putational thinking), together with creative writing, elements of simple mathematics,
geography, biology, and other curriculum subjects, all presented through storytelling
(see Figure 10).

Literacy elements Curriculum focus  Python coding elements
Chapter 1 Narrative, description, dialogue Mathematics Text entry; times tables
Chapter 2 Narrative, description, dialogue Geometry Text entry; Turtle graphics
Chapter 3 Narrative, description, dialogue Biology Text entry; Turtle graphics
Chapter 4 Narrative, description, dialogue Geography Text entry; If, Or, Else
Chapter 5 Narrative, description, dialogue History Text entry; Turtle graphics
Chapter 6 (pending) Narrative, description, dialogue TBC Lists, loops, libraries, iteration

Fig. 10. Project elements and future plans

4 Future Plans

Further work is currently under discussion with local schools and colleges, with a view,
post-Covid, to widening the number of students participating in the project, and to de-
veloping the number of computer coding concepts, such as loops or lists, within it. The
initial project aims and objectives have, however, all been met: the constructionist/con-
textualised method is now clearly established through the exemplar stories; the sup-
porting website has been started; and the dissemination of these ideas (through IFIP
TC3 OCCE 2021Tampere) has begun. We need, next, to ascertain how many, and how
easily, pupils can develop their own narrative script; create lists, loops, iteration and so
on; and then integrate these elements successfully into their narrative scripts, thus con-
textualising their learning [8]. There are two curriculum levels possible for this devel-
opment in England schools: at Key Stage 3 (ages 11 to 14 years), and within Key Stage
4 GCSE Computer Studies courses (ages 14 to 16 years), where a coursework element
in coding is a requirement. It may also be a useful model for postgraduate teacher train-
ing courses in computer science. In this way, local school and college feedback can, in
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the future, be incorporated into the project and its website, and greater quantitative data
about uptake of the model will thereby be generated to assist in evaluating the success,
in wider practice, of the teaching approach suggested in this paper.

The international success of the cross-curricular coding project “Literacy from

Scratch”, encourages our development of “Literacy from Python”, despite current pro-
gress being severely slowed by the Covid pandemic.

We hope that the free teaching materials on the now-integrated websites (“World

Ecitizens”, “Literacy from Scratch” and “Literacy from Python”) may be of practical
use in the classroom.
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