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A ‘must-read’ for students embarking on their first major projects, and any teacher 
stepping up to the challenge of teaching Computing at school. This is not just a book 
about programming, more a template for teaching. Karl Beecher speaks in plain English. 
Incisive insight and practical advice, standing independent of the Python exemplars 
used, predicated as it is on a holistic understanding of the subject terrain.

Roger Davies, Director of IT, Queen Elizabeth School, and Editor,  
Computing At School, Tenderfoot Training Project

I really enjoyed this book - it bridges the gap between the very practical, but perhaps 
narrow, field of computer programming with the real world problems that computer sci-
entists might need to solve. The issue with encouraging young people to learn ‘coding’ 
is that they often struggle to understand how and when to use specific concepts and 
ideas. The underlying principles and real world applications are essential, and much 
harder to put across, than remembering the syntax for an IF statement. The discussions 
are presented in a readable format that would be suitable for bright GCSE students and 
should be essential reading for all A Level computer scientists.

With the shift in focus at GCSE and A Level alike, from ‘programming’ to ‘computational 
thinking’, explanations and examples of abstraction, decomposition and generalisation, 
along with modelling, logic and efficiency are both engaging and useful.

Mark Clarkson , Subject Leader and CAS Master Teacher

Computational Thinking is a sprint through the theoretical underpinnings of computa-
tion through to their application and the creation of software. The thirteen chapters 
start with an explanation of what is computational thinking, move through logical and 
algorithmic thinking, abstraction and modelling, to then focus on how to apply these 
concepts. The middle set of chapters cover how to create software with a focus on 
object-oriented solutions with a relatively short discussion on testing. Python is used as 
the programming language to demonstrate the use of the various techniques introduced 
in the early chapters but it would be straight forward to convert the examples to other 
similar languages such as Java, C#, etc. The final chapter provides a guided example 
based on the creation of a computer-controlled home automation system. Each chapter 
has a set of exercises to work through and model answers for these are supplied in an 
appendix.

This is a very good overview of a very large field. While all of the topics are deserving of 
their own book the strength of this book is the explanation and demonstration of their 
close relationships. This book is an excellent complement to the many books on the 
Raspberry Pi and Python programming because it starts to explain some of the theoreti-
cal underpinnings. The seasoned software developer should not be discouraged by the 
beginner’s guide sub-title as this is also a good refresher on some of the basics.

Colin Smythe, Dunelm Services Limited, Principal Consultant

A scholarly book albeit written from a pragmatic perspective distilling the knowledge 
and expertise of an experienced software developer into a form that is accessible for 
beginners. It’s engaging exercises and comprehensive references make it an invaluable 
learning resource. I would recommend it to anyone who wishes to gain an understand-
ing of computational thinking and best practice in modern software development.

Professor Cornelia Boldyreff, University of Greenwich
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This book will prove an excellent companion to more general texts on Computing, espe-
cially for teachers who are new to the subject. And with exercises at the end of each 
chapter, there is much to challenge students also. Highly recommended.

Terry Freedman, independent education technology writer and consultant,  
and publisher of the ICT and Computing in Education  

website at www.ictineducation.org
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GLOSSARY

Abstraction Way of expressing an idea in a specific context while at the same time 
suppressing details irrelevant in that context.

Algorithm A sequence of clearly defined steps that describe a process to follow a 
finite set of unambiguous instructions with clear start and end points.

Assignment The process of setting the value of a variable.

Biconditional Relationship between logical statements that tells us the second logi-
cally follows from the first and the first logically follows from the second.

Cardinality Property describing the number of elements in something.

Conditional Programming construct that alters the flow of execution in a program 
depending on the truth value of a condition.

Conjunction (aka logical and) Operation that connects two logical statements and 
identifies whether both are true.

Deductive reasoning Applying a chain of reasoning whose conclusion necessarily fol-
lows from its premises (so long as it has been constructed properly and the premises 
are incontrovertibly true).

Disjunction (aka logical or) Operation that connects two logical statements and identi-
fies whether one or both are true.

Function signature A function identifier made up of the function’s name and an 
ordered list of the parameters it accepts.

Heuristic Problem-solving technique that yields a sub-optimal solution judged to be 
sufficient.

Immutable See mutable.

Implication Relationship between logical statements that tells us the second logically 
follows from the first.

Inductive reasoning Applying a chain of reasoning whose conclusion follows as a 
measure of probability from its premises.
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GLOSSARY

Information hiding Concealing the structure of some (potentially unstable) parts of a 
program behind a stable interface.

Library Collection of data and routines hidden behind an interface, intended for use 
by other programs.

Loop Sequence of statements that are executed potentially numerous times in 
succession.

Mutable Object whose value can be modified after creation, as opposed to an immu-
table object, whose value is fixed at creation.

Negation Operation applied to a proposition that inverts its value.

Parameter Value passed to a function.

Pixel Smallest addressable unit on a computer screen.

Premise Proposition used in an argument.

Proposition Statement that has a true or false value.

Script Executable program, usually small (up to a few thousand lines of code) and 
interpreted (as opposed to compiled).

Signature See function signature.

Subroutine Callable sequence of program instructions packaged as a distinct unit.

Tree (structure) Hierarchical data structure where each node may have any number 
of child nodes, but only one parent node (with the exception of the root node, which has 
no parent).

Truth value Property of a logical statement that denotes whether it is true or false.
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INTRODUCTION: WHY STUDY 
COMPUTATIONAL THINKING?

Computers are everywhere in the modern world. They help run almost every aspect of 
our lives and our society.

Some of the ways they help us are obvious. We control our finances using computers. 
We use them to handle our social interactions, get the latest news or arrange travel. 
They’ve enabled new modes of political participation, and it’s impossible to conceive of 
modern office life without computers.

However, many other parts of modern society depend on computation in ways you might 
never have considered. Your personal finances, healthy as they may be, are just a drop 
in the ocean compared to the billions processed daily by computers in banks and stock 
exchanges around the world. The content you consume online is delivered to you from 
huge data centres and is created using software like word processors, graphical editors 
and databases. Computers power our global communication networks. Computerised 
farm machinery produces the food you eat. Your consumer goods are assembled in 
automated factories. Billions of texts and online messages are shuttled around the 
world by software daily. Clearly, computers are deeply embedded in society and we 
humans are highly dependent on them.

And yet, there’s a flip side to the computer revolution that exposes us to numerous risks. 
Cybercrime increases as more of our lives are lived online. Privacy issues continue to 
be fought over. More and more it’s algorithms,1 not humans, which decide things like 
what news you read and what potential danger you pose. ‘Computer says no’ becomes 
less of a punchline and more an ominous phrase from our computer-controlled future.2 
Just as clearly, then, society has a duty to prepare everyone for living in such a world.

Computers are our tools. They should be subservient to us and not the other way 
around. They should enable us, inspire us and be a beneficial force in our lives. To help 
ensure this, it’s important we understand how they work and what they’re capable of 
doing. To this end, computational thinking (often shortened to CT) distils important les-
sons and principles from computer science (CS), the subject area that teaches us how 
to bend those machines to our will. These lessons and principles include how pick out 
the essential details of a problem, how to formulate a problem in ways a computer can 
understand, and how to follow a problem-solving process in ways that the process can 
be automated. These should be important to anyone, regardless of whether they work in 
computing or not, because the ultimate aim of distilling them (beyond just understand-
ing them) is to empower everyone to be able not only to solve a problem, but also to 
incorporate a computer in a solution to carry out the task more quickly and efficiently.  

1Buy the complete book: http://www.bcs.org/books/ct



COMPUTATIONAL THINKING

If you don’t know what a computer is capable of, then you can’t very well make it do 
things for you.

For those who intend to pursue a career in software development, there are obvious 
benefits of learning CT. It links a problem analysis method with the knowledge and 
technology from CS, giving you core problem-solving skills relevant to producing high-
quality solutions. By studying CT, you’ll learn ways to make the software you develop 
more robust, powerful, well designed, widely applicable and error-free.

But even if you’re not set on a programming career, CT still has important lessons for you 
to learn. You may not become a professional programmer, but you will likely encounter 
programming in some capacity. Numerous research papers3 discuss the importance of 
computational thinking in many diverse careers, such as:

 y natural sciences:

 ß computational biology;

 ß genomics;

 ß applied physics;

 ß climate change;

 ß astronomy.

 y social sciences:

 ß social studies;

 ß population analysis.

 y medicine:

 ß disease analysis;

 ß medical imaging;

 ß clinical practice.

 y linguistics;

 y law;

 y music;

 y teaching.

‘It is nearly impossible to do research in any scientific or engineering discipline 
without an ability to think computationally. (Carnegie Mellon, 2016)

Finally, as well as being important in a diverse range of fields, CT is even promoted as a 
life skill. Jeannette Wing, who has done much to push the idea of computational think-
ing since her landmark talk in 2006 (Wing, 2006), emphasises the importance of CT to 
everyday life and suggests that everyone can get something out of studying it:

2 Buy the complete book: http://www.bcs.org/books/ct



3

INTRODUCTION: WHY STUDY COMPUTATIONAL THINKING?

I argued that the use of computational concepts, methods and tools would trans-
form the very conduct of every discipline, profession and sector. Someone with the 
ability to use computation effectively would have an edge over someone without. 
So, I saw a great opportunity for the computer science community to teach future 
generations how computer scientists think. Hence ‘computational thinking.’… 
Computational thinking will be a fundamental skill used by everyone in the world 
by the middle of the 21st century. By fundamental, I mean as fundamental as 
reading, writing and arithmetic.

(Wing, 2014)

This book is a guide to the subject of computational thinking and how it can aid you in 
learning software development. It will take you through all the subject’s core concepts, 
explaining each one using definitions, discussions and examples. The material is supple-
mented with numerous rules, tips, advice and references to further reading. And you will 
get the opportunity to put your newfound knowledge into practice by using the exercises 
at the end of each chapter.

Read on and enjoy.

Buy the complete book: http://www.bcs.org/books/ct
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PART I
COMPUTATIONAL THINKING

The first part of this book introduces computational thinking as an approach to  
problem-solving. It introduces the basic concepts and helps the reader to build up a 
solid understanding of them. As well as the theoretical concepts, you’ll find definitions, 
tips, warnings, golden rules and opportunities for further reading elsewhere.

This part doesn’t assume any programming skill on the part of the reader. Illustrative 
examples are based around everyday concepts that come from a broad range of 
domains. At the end of each chapter, you’ll have the opportunity to put your newfound 
knowledge to the test by trying out some exercises. Like the examples, the exercises 
require no prior programming skill.

After reading this part, you will have an understanding of all the topics that make up 
computational thinking. You’ll then be ready for Part II, where you’ll learn how to put 
those skills into practice as a programmer.

5Buy the complete book: http://www.bcs.org/books/ct
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1  WHAT IS COMPUTATIONAL THINKING?

OBJECTIVES

 y Define computational thinking.

 y Show how it can be used in different fields.

 y Explain the current limitations of computational thinking.

WHAT IS COMPUTATIONAL THINKING?

Answering this question is actually quite challenging. Proponents of computational 
thinking (CT) have until very recently spent a lot of time debating over how to define it.

As recently as 2011, a workshop was organised where numerous individuals came 
together to explore what the nature of CT should be. Some at this workshop argued 
in favour of a rigorous and consistent definition (Committee for the Workshops on 
Computational Thinking, 2011). Conversely, others have argued that trying to strictly 
define CT is unnecessary (Voogt et al., 2015).

In the latter’s view, understanding CT should not be done by coming up with a definition 
in the usual sense (in other words, creating a list of conditions that something must 
meet before being considered a match). Voogt et al. argue that defining CT shares simi-
lar difficulties with defining what a ‘game’ is. (Must every game pit at least one player 
against another? Does every game have the concept of winning? Should every game 
include some element of luck or randomness?) Like our understanding of a game, they 
say, the approach to defining CT should be fuzzier and considered as a series of similari-
ties and relationships that criss-cross and overlap. 

Other reasons exist to make defining CT a challenging endeavour. First, computational 
thinking is strongly related to computer science (CS), which itself can be problematic to 
define satisfactorily. Like CS, CT includes a range of both abstract and concrete ideas. 
They both share a universal applicability, and this broadness, while making it powerful, 
also makes CT hard to define concisely.

CT is also an idea that’s both new and old. It’s new in the sense that the subject sud-
denly became a hotly debated topic in 2006 after Wing’s talk (Wing, 2006). However, 
many of its core ideas have already been discussed for several decades, and along the 
way people have packaged them up in different ways. For example, as far back as 1980,  

7Buy the complete book: http://www.bcs.org/books/ct



COMPUTATIONAL THINKING

Seymour Papert of the Massachusetts Institute of Technology pioneered a technique he 
called ‘procedural thinking’ (Papert, 1980). It shared many ideas with what we now think 
of as CT. Using procedural thinking, Papert aimed to give students a method for solving 
problems using computers as tools. The idea was that students would learn how to 
create algorithmic solutions that a computer could then carry out; for this he used the 
Logo programming language.4 Papert’s writings have inspired much in CT, although CT 
has diverged from this original idea in some respects.

Nevertheless, during the 10 years following Wing’s talk, a number of succinct definitions 
were attempted. A small sample of them features in Table 1.1. While they hint at similar 
ideas, there appears to be some diversity in what these people say. Perhaps Voogt et 
al. were right, and our best hope of understanding CT is to build up those overlapping, 
criss-crossing concepts. As luck would have it, this work was already done by Cynthia 
Selby (Selby, 2013), when she scoured the CT literature for concepts and divided them 
into two categories: concepts core to CT, and concepts that are somehow peripheral and 
so should be excluded from a definition.

Table 1.1 A list of definitions of computational thinking

Definition Source

‘Computational thinking is the thought processes  
involved in formulating a problem and expressing its 
solution(s) in such a way that a computer—human or 
machine—can effectively carry out.’

(Wing, 2014)

‘The mental activity for abstracting problems and 
formulating solutions that can be automated.’

(Yadav et al., 2014)

‘The process of recognising aspects of computation in  
the world that surrounds us, and applying tools and 
techniques from Computer Science to understand and 
reason about both natural and artificial systems and 
processes.’

(Furber, 2012)

‘A mental orientation to formulating problems as 
conversions of some input to an output and looking  
for algorithms to perform the conversions. Today the  
term has been expanded to include thinking with many 
levels of abstractions, use of mathematics to develop 
algorithms, and examining how well a solution scales 
across different sizes of problems.’

(Denning, 2009)

‘[Teaching CT is teaching] how to think like an economist, 
a physicist, an artist, and to understand how to use 
computation to solve their problems, to create, and to 
discover new questions that can fruitfully be explored.’

(Hemmendinger, 2010)

8 Buy the complete book: http://www.bcs.org/books/ct



WHAT IS COMPUTATIONAL THINKING?

In this book, I will follow a very similar approach to Selby. Certain concepts are consid-
ered as ‘core’ to CT and are covered in great detail. Others are included, but treated as 
peripheral and covered in much less detail.

This book considers the core concepts of CT to be:5

 y logical thinking;

 y algorithmic thinking;

 y decomposition;

 y generalisation and pattern recognition;

 y modelling;

 y abstraction;

 y evaluation.

Other peripheral concepts will be mentioned, but not treated as essential to the topic 
of CT. They include:

 y data representation;

 y critical thinking;

 y computer science;

 y automation;

 y simulation/visualisation.

I will define individual concepts as they are introduced over the course of the book.

HOW IS COMPUTATIONAL THINKING USED?

CT can be applied by anyone who is attempting to solve a problem and have a computer 
play a role in the solution. To give us some idea of how CT is used, not just in computer 
science but in a range of subject areas, we can look at examples (sourced from Barr and 
Stephenson (2011)) of the core computational thinking concepts just listed.

For example, what could algorithmic thinking mean in different situations? To a com-
puter scientist, it means the study of algorithms and their application to different prob-
lems. To a mathematician, it might mean carrying out long division factoring or doing 
carries in addition or subtraction. A scientist might think of it as the process of doing an 
experimental procedure.

Similarly, abstraction has application beyond the computer scientist’s view of it. When 
a linguist uses simile and metaphor, or writes a story with branches, they’re using 
abstraction, as are social scientists who summarise facts and use them to draw conclu-
sions. When a scientist builds a model or a mathematician uses algebra, they too have 
introduced abstraction into their work.

9Buy the complete book: http://www.bcs.org/books/ct
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The following are examples from other sources discussing specific examples of CT in 
action.

Example: Pipelining a graduation ceremony

Dean Randy Bryant was pondering how to make the diploma ceremony at 
commencement go faster. By careful placement of where individuals stood, he 
designed an efficient pipeline so that upon the reading of each graduate’s name 
and honors by Assistant Dean Mark Stehlik, each person could receive his or her 
diploma, then get a handshake or hug from Mark, and then get his or her picture 
taken. This pipeline allowed a steady stream of students to march across the 
stage (though a pipeline stall occurred whenever the graduate’s cap would topple 
while getting hug from Mark). 

(Wing, 2011)

Example: Predicting climate change

Predicting global climate change is only possible because of advanced computer 
models. According to the UK Met Office, ‘The only way to predict the day-to-day 
weather and changes to the climate over longer timescales is to use computer 
models.’ 

(Furber, 2012)

Example: Sorting music charts

I showed up to a big band gig, and the band leader passed out books with maybe 
200 unordered charts and a set list with about 40 titles we were supposed to get 
out and place in order, ready to play. Everyone else started searching through the 
stack, pulling out charts one-at-a-time. I decided to sort the 200 charts alphabeti-
cally O(N log N)6 and then pull the charts O(M log(N)). I was still sorting when other 
band members were halfway through their charts, and I started to get some funny 
looks, but in the end, I finished first. That’s computational thinking.

(Roger Dannenberg in Wing, 2011)

Example: Assisting police, lawyers and judges

Computational Thinking has a long tradition in influencing the law, especially in 
the dream of providing a set of logical rules that can automate the process of 
reaching a verdict, [underpinning] its desire to minimise human discretion and 
maximise predictability of outcome… legal reasoning systems have been making 
inroads where they merely try to assist those making legal decisions. For instance, 
researchers at the Joseph Bell Centre have built a system that constructs a space 
of hypotheses to explain the evidence in a crime scene. This has been used to 
remind detectives of hypotheses they might otherwise have missed.

(Bundy, 2007)

10 Buy the complete book: http://www.bcs.org/books/ct



DISCLAIMERS

This section discusses common misunderstandings about CT, as well as its current 
shortcomings.

What is computational thinking not?

There is bound to be some confusion over what CT is and is not. For one thing, it’s closely 
related to other subjects, like computer science and programming, and distinguish-
ing between them may present difficulties. For another, its definition is broad and has 
been subject to debate for several years. This section will discuss something that some 
people might have been led to believe about CT which isn’t necessarily the case. In the 
process, more details about CT’s nature will be revealed.

First, teaching computational thinking is not the same as teaching computer science. 
The main aim of teaching the latter is to educate students in the study and application of 
the principles of mathematical computation. Perhaps to counter this impression, some, 
including Jeannette Wing, have said that computational thinking is ‘thinking like a com-
puter scientist’. However, others have criticised this phrase (for example, Denning, 2009; 
Hemmendinger, 2010) because it leaves in place a strong association with computer 
science, which runs the risk of people seeing it not as an everyday skill, but merely as 
a repackaging of CS.

Teaching programming (a subfield of CS) is mainly done to educate students in how best 
to write programs, and it focuses on the production of high-quality software. CT, while 
sharing some aspects with these other subjects, is better described as an approach to 
problem-solving. What makes it distinct from other problem-solving approaches is that 
CT assumes a computer will execute the eventual solution.

These distinctions are important. Teaching computing skills as a mandatory part of the 
school syllabus has already been attempted in many places around the world. While 
these endeavours are noble and worthwhile, evidence is inconclusive about whether 
or not they succeed in their aim of teaching transferable skills (Voogt et al., 2015); that 
is to say, skills that students can intuitively take with them into various domains. CT 
attempts to perform better in this regard. By distilling some of the core aspects of CS 
that are relevant in many other fields, CT can be a course in the core school syllabus that 
is relevant to everyone. In the UK computing curriculum for example, CT already plays 
a big role (Department for Education, 2013). It can even be part of a CS or programming 
course that focuses exclusively on computer-based problem-solving.

In stressing the differences between computer science and computational thinking, it’s 
worth pointing out that CT concepts are hardly exclusive to CS. As David Hemmendinger  

WHAT IS COMPUTATIONAL THINKING?

CT teaches an approach to problem-solving where the ultimate aim is to provide a 
solution whose form means it is ready to be programmed into a computer. 

CT takes a relatively small subset of concepts – which just happen to be important 
to CS – and uses them to construct a widely applicable, problem-solving approach.

11Buy the complete book: http://www.bcs.org/books/ct
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(2010) points out, ‘Constructing models, finding and correcting errors, drawing dia-
grams, analyzing – these are all parts of scientific (and other) activities.’ Natural sci-
entists, for example, have long been advocating that computation is a ‘third leg’ of the 
scientific process (alongside theory and experimentation) and that computational think-
ing is essential to their work (Denning, 2009).

[The] ultimate goal should not be to teach everyone to think like a computer scien-
tist, but rather to teach them to apply these common elements to solve problems 
and discover new questions that can be explored within and across all disciplines. 

(Barr and Stephenson, 2011)

Current shortcomings

We’ll very soon proceed to consider the details of computational thinking. Before that 
happens, however, an honest discussion of the subject in its current form should be up 
front with any shortcomings. Keep in mind that these may disappear as CT matures.

Maturity

Although it has influences and predecessors dating back several decades, CT as a formal 
concept is still relatively immature. Workshops were organised to explore the meaning 
of CT only five years prior to this book being written. As little as three years ago, Cynthia 
Selby wrote an important paper proposing a definition for CT (Selby, 2013), because 
definitions at the time were still vague. Most other disciplines have long since stopped 
organising gatherings to decide what exactly it is they do. Nevertheless, a consensus 
is now emerging on what to include in a definition, largely in line with Selby’s proposal 
of CT as ‘a focused approach to problem solving, incorporating thought processes that 
utilize abstraction, decomposition, algorithms, evaluation, and generalizations’ (2013). 
(‘What is computational thinking?’ on p. 7.)

Efficacy

A further consequence of CT’s youth is the relative paucity of evidence for how effec-
tive teaching CT actually is. It has so far not been taught widely for an extended time. 
Nevertheless, the body of evidence will grow as studies into its efficacy are conducted. 
Experience reports and testimonials provide a more immediate form of evidence.

Perceived imperialism

Other commentators have cautioned that proponents of CT risk being imperialistic and 
off-putting. Their claims like ‘you should think like a computer scientist’ or ‘computa-
tional thinking is X’ (where X is something they approve of) appear territorial. As David 
Hemmendinger (2010) said, proponents should be careful that CT doesn’t get into the 
habit of saying, ‘If it’s a good way of thinking, then it’s ours.’ It should be noted that many 
practices in CT are not original to the subject. In fact, they’re not all original to computer 
science; many of them have been used in other fields as well as everyday life for a 
long time. They do not simply become computational by virtue of finding application in 
computing.

However, it does somewhat mitigate CT’s immaturity when you realise that its constitu-
ent parts (such as logic, algorithms and decomposition) are individually tried, tested 
and mature.

12 Buy the complete book: http://www.bcs.org/books/ct



WHAT IS COMPUTATIONAL THINKING?

SUMMARY

Computational thinking is an approach to problem-solving that involves using a set of 
practices and principles from computer science to formulate a solution that’s execut-
able by a computer. It’s not just for programmers. In fact, it’s applicable in a diverse 
array of fields.

EXERCISES

EXERCISE 1 

List the core concepts of CT.

EXERCISE 2 

Give an example of how you think people in each of the following occupations think 
computationally:

A. mathematician;
B. scientist;
C. engineer;
D. linguist.

EXERCISE 3

Think of everyday activities in which you participate that involve computational thinking.

13Buy the complete book: http://www.bcs.org/books/ct



7 TUTORIAL FOR PYTHON BEGINNERS

OBJECTIVES

 y Learn how to use the Interpreter Prompt.

 y Introduce basic types like numbers, strings, booleans and lists.

 y Explain basic arithmetical operators, assignment and comparisons.

 y Show how to add comments to code.

 y Explain how Python uses indentation to denote structure.

 y Demonstrate what a function is, at a basic level.

INTRODUCING PYTHON

This section covers the basic Python knowledge required to understand the examples 
used throughout Part II of this book. If you are already familiar with Python, feel free to 
skip over to the next chapter.

We assume you are using Python 3 in this chapter.

In addition to this tutorial, you can find many good online tutorials here: https://wiki.
python.org/moin/BeginnersGuide/NonProgrammers

FIRST STEPS

You can run a Python program from the command prompt on your computer.

If you enter the python command, you should see something like this:

$ python 
python 3.5.2 (default, Nov 17 2016, 17:05:23) 
[GCC 5.4.0 20160609] on linux 
Type ‘help’, ‘copyright’, ‘credits’ or ‘license’ for more information. 
>>>
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This brings you into the Interpreter Prompt. Using this, you can enter Python instruc-
tions one line at a time and they will be executed immediately. This is useful for experi-
menting with small ideas. For example:

>>> x = 1 + 2 
>>> print(x) 
3

Alternatively, you can write your code into a text file and then have Python execute it all 
at once. If you were to write those same two instructions into a file called my_code.py, 
you could run it like this:

C:\Users\Me> python my_code.py 
3

The code above uses the built-in print command, which causes the program to display 
the value which is contained in quotes. The traditional first step when learning a new 
programming language is to write a program that greets the world:

print(‘Hello, World!’)

Running the program from a source file52 should look like this:

> python hello.py 
Hello, World!

BASIC TYPES

Python allows you to process data of a variety of types. The most fundamental ones are 
already built into Python. These include:

 y Numbers like 7, 42 or 3.14

 y Strings, that is, an arbitrary sequence of characters. A string is denoted by being 
enclosed in quotes, either single (‘Hello, world’) or double (“Hello, 
world”). There’s no difference between choosing single or double quotes, it’s 
just a matter of choice. However, you must be consistent once you’ve made a 
choice.

 y Boolean values, that is, True and False.

 y Lists, that is, a sequence of items that are logically grouped together, like 
[1,2,3].

The examples used above are all literal values. A value can be assigned to a variable. 
The following code causes three different variables to be created:

the_number = 3 
message = ‘Hello, World’ 
done = True
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Variables allow you specify one set of steps that can be carried out on different values.

total_books = number_of_hardbacks + number_of_paperbacks

If you give the print command a variable, it will display the value of that variable.

>>> print(total_books) 
41

Sometimes, you need to include the value of a variable inside a message. In Python you 
can simply do that by typing the variable name next to the string, separating them with 
a comma. For example:

>>> age = 35 
>>> print(‘I am’, age, ‘years old.’) 
I am 35 years old.

BASIC OPERATIONS

Manipulating data sits at the heart of computation. In a program, operations allow you 
to manipulate data. Python provides numerous such operations.

For example, you can manipulate numbers using arithmetic operators, like:

 y addition (for example, x = y + 2);

 y subtraction (for example, x = y - 2);

 y multiplication (for example, x = y * 2);

 y division (for example, x = y / 2);

 y exponentiation (for example, x = y**2);

 y modulo, aka remainder division (for example, x = y % 2).

You can also use operations to interrogate values and establish facts about them. Such 
operations evaluate to True or False.

For example, the equality operator, ==, tests if two values are equal or not. This would 
display True:

x = 3  
print(x == 3)

Whereas this would display False:

x = 3 
print(x == 4)
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You can also compare two values to establish if one is larger or smaller, for example, 
this would display True:

print(3 < 4)

While this would display False:

print(9 < 4)

FUNCTIONS

A subroutine is a sequence of instructions within a program packaged up as a distinct 
block. They are the basic organisational blocks of a program.

The lines of code in a subroutine are not executed until the programmer explicitly 
requests them to be. When a subroutine is called on to execute its instructions, the flow 
of control jumps to that subroutine. When the subroutine has completed, the flow of 
control then returns to the point where the call took place.

Python supports a particular type of subroutine called a function. It behaves just like a 
subroutine except that it can also return values back to the calling line of code. In this 
code, two functions are defined (the keyword def is short for ‘define’):

def output_hello(): 
    print(‘Hello, World!’) 
 
def double_2(): 
    num = 2 * 2 
    return num

The first one doesn’t return anything. The second returns the number 4.

You can call a function by typing its name followed by two parentheses:

def output_hello(): 
    print(‘Hello, World!’) 
 
def double_2(): 
    num = 2 * 2 
    return num 
 
output_hello() 
result = double_2() 
print(result)

Notice that the contents of each function are indented. This is how Python denotes that a 
line of code is part of a block. Any line that immediately follows a colon must be indented 
to show that it is contained in that block. All following lines that are similarly indented 
are considered part of the same block. The first line that’s not indented denotes that  
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the block has ended. In the previous example, that means that the double_2 function 
contains the lines num = 2 * 2 and return num, but the three lines that follow are 
not part of the function.

When you call a function, you can pass an arbitrary number of pieces of data to that 
function which it can use. These are called parameters. For example:

def output_message(msg): 
    print(msg) 
 
def multiply(x, y): 
    return x * y 
 
# Print a greeting 
output_message(‘Hello, World!’) 
 
# Multiply these numbers (product becomes 6) 
product = multiply(2, 3)

COMMENTS

The previous example also featured comments (the lines that begin with a # symbol). 
When your program is being executed, any time the computer encounters a #, it ignores 
the rest of that line. This gives you the means to add comments that explain how your 
code works.

# This is a comment. It will be ignored by Python, even if it 
# contains valid source code, like x = y + 1

SUMMARY

After reading the material in this chapter, you should be able to write short, basic 
programs using the Python programming language, either at the Interpreter Prompt 
or in a source file.

EXERCISES

For the following exercises, you need to write a program to answer the questions.

EXERCISE 1

Write a program that creates two variables, r and pi. Assign pi the value of the mathe-
matical constant (or a suitable approximation of it) and give r any value you want.
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EXERCISE 2

Use the variables from the previous question to create a third variable called area that 
holds the area of a circle with radius r.

EXERCISE 3

Write a program that creates two number variables, a and b. Give each variable a value 
and then use the print command to output True or False depending on whether or 
not a is greater than b.

EXERCISE 4

Take the code from the previous answer and write a function called bigger. This 
function should accept two parameters, x and y, and return a value denoting whether x 
is bigger than y. Add at least three calls to bigger with different values.
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packages 157–9, 160, 188
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scoping 147–9

separation of concerns 141–5, 
154, 159

state 124–31, 137

statements 116, 130–1

system testing 212–14, 244–6

unit tests 211–14, 243–4

variable types 165–6

quality 42

raise 209

ranges 121
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thinking

recipe analogy 26–7, 30–1, 135

recursion 44

reduce function 136, 137
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68, 189–93

rendering 142, 144–5

reusability 152, 166, 182

‘rubber duck debugging’ 88, 
277n39

rules

modelling 66

pattern recognition 52, 54, 232

safety 81

scepticism 47, 93

scoping 147–9

scripts xv, 152–3

security testing 217

Selby, Cynthia 8, 9, 12

selection 28–9

self parameter 168, 170

semantic errors 205

separation of concerns 144, 154, 
159

sequencing 26, 117–18

server/client module 151

setUp method 213–14

severity (debugging) 89–90, 
220–1

signature see function signature

simplicity 98–9

simulation see modelling

sink traps 97, 98

skills, transferable 11

smiley face example 48–9, 
141–5, 153–5, 163–4

Socrates 15

solar system models 65, 69, 70

solution evaluation see 
evaluation

solutions, non-obvious 98–9

specifications 42, 93, 209, 216, 
217

specificity 41

stability testing 217

state

algorithms 26–7, 137

modelling 67, 194–6, 234–7

Python 124–31

state machine diagrams 67, 
194–6, 235, 236, 237

statements

ordering 130–1

Python definition 116

static models 66, 184, 186

Stephenson, C. 12

strings 110, 165–6

structural patterns 179

student grading example 31–6
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198–9, 213

subroutines xv, 52, 53–4, 112

switchboard metaphor 155–6

symbolic logic 19–24, 33–6

syntax errors 77–8, 94, 204–5

system testing 214–16, 244–6

tearDown method 211–12

temporary variable swap 176–7

testing see also bugs; errors; 
evaluation

bottom-up 82–3, 210–14

home automation system 
example 243–6

purpose 82

system testing 214–16

test phases 210

test plans 93, 216, 217

top-down 82–3

unit tests 83–5, 210–14

user testing 100–1, 217

validation 209–10, 216–19
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top-down testing 82–3

tracing 87–8
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transferable skills 11

transitions (modelling) 67

tree (structure) xv, 44–6

truth tables
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IF AND ONLY IF 24

IMPLIES 23

NOT 22

OR 22

overview 21

truth values xv, 15

try block 206

tuples 130, 165–6

turnstile example 67, 194–6

types

modelling 66

Python 165–6, 182 see also 
classes
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usage 196–8, 200–1
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unittest library 211, 214

usability 99–101, 104, 248

use case diagrams 197–9

user input, error reactions 81–2

user interfaces 72

user satisfaction 100

user scenarios 217–18

user testing 100–1, 217

validation 209–10, 216–19

variables

as abstractions 164

class 168–9
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global 146–7, 148–9

instance 168, 169, 170

local 148–9

mutability 126–30, 248

Python 110, 124–30, 146–7, 
165–6, 176–7

temporary variable swap 
176–7

types 110, 165–6
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vending machines 81, 93, 218–19

Venn diagrams
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IF AND ONLY IF 24

IMPLIES 24
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verification 209, 214–16

visualisation see modelling

Voogt, J. et al. 7, 8

while loop 120–1

Wilkes, M. 76

Wing, Jeannette 2–3, 7, 8, 11, 58
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