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Preface
Aimed at GCSE students, this book provides comprehensive yet concise coverage of all the 
topics covered in the Edexcel GCSE (9-1) Computer Science (1CP2) specification, written and 
presented in a way that is accessible to teenagers. It can be used as a course text and as 
assessment preparation for students nearing the end of their course.

It is divided into seven sections covering every element of the specification. Sections 6A and 
6B of the textbook cover programming concepts with a practical approach to provide students 
with experience of understanding, writing and adapting programs that solve problems.

Each chapter contains exercises and exam-style questions. Answers to all of these are 
available to teachers only in a free Teachers’ Supplement which can be ordered from our 
website www.pgonline.co.uk.

Endorsement Statement
In order to ensure that this resource offers high-quality support for the associated Pearson 
qualification, it has been through a review process by the awarding body. This process 
confirms that this resource fully covers the teaching and learning content of the specification or 
part of a specification at which it is aimed. It also confirms that it demonstrates an appropriate 
balance between the development of subject skills, knowledge and understanding, in addition 
to preparation for assessment.

Endorsement does not cover any guidance on assessment activities or processes (e.g. 
practice questions or advice on how to answer assessment questions), included in the 
resource nor does it prescribe any particular approach to the teaching or delivery of a related 
course.

While the publishers have made every attempt to ensure that advice on the qualification and 
its assessment is accurate, the official specification and associated assessment guidance 
materials are the only authoritative source of information and should always be referred to for 
definitive guidance.

Pearson examiners have not contributed to any sections in this resource relevant to 
examination papers for which they have responsibility.

Examiners will not use endorsed resources as a source of material for any assessment set by 
Pearson.

Endorsement of a resource does not mean that the resource is required to achieve this 
Pearson qualification, nor does it mean that it is the only suitable material available to support 
the qualification, and any resource lists produced by the awarding body shall include this and 
other appropriate resources.

This resource was designed using the most up to date information from the specification. 
Specifications are updated over time which means there may be contradictions between the 
resource and the specification, therefore please use the information on the latest specification 
and Sample Assessment Materials at all times when ensuring students are fully prepared for 
their assessments.
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Section 1
Computational thinking
1.1 	 Algorithms, decomposition and abstraction �  2

1.2	 Developing algorithms using flowcharts �  7 

1.3	 Developing algorithms using pseudocode �  9

1.4	 Searching algorithms �  15

1.5	 Sorting algorithms �  18

1.6	 Logic diagrams and truth tables �  23

Objectives
•	 understand the benefit of using decomposition and abstraction to model aspects of the real 

world and analyse, understand and solve problems

•	 understand the benefits of using subprograms 

•	 be able to follow and write algorithms including flowcharts, pseudocode and program code

•	 be able to use sequence, selection and repetition

•	 know how to use both count-controlled and condition-controlled repetition

•	 be able to use iteration over every item in a data structure

•	 be able to use input, processing and output to solve problems

•	 understand how to follow and write algorithms that use variables and constants

•	 be able to use one- and two-dimensional data structures, including strings, records and arrays

•	 be able to follow and write algorithms that use the arithmetic operators addition, subtraction, 
division, multiplication, modulus, integer division and exponentiation

•	 understand how to follow and write algorithms that use the relational operators equal to, 
less than, greater than, not equal to, less than or equal to, greater than or equal to

•	 be able to follow and write algorithms that use the logical operators AND, OR and NOT

•	 determine the correct output of an algorithm for a given set of data

•	 be able to use a trace table to determine the value variables will hold at a given point  
in an algorithm

•	 understand the errors that occur in programs including syntax, logic and runtime

•	 be able to identify and correct logic errors in algorithms

•	 understand how the linear search and binary search algorithms work

•	 understand how the bubble sort and merge sort algorithms work

•	 be able to use logical reasoning and test data to evaluate an algorithm’s fitness for purpose 
and efficiency

•	 understand that efficiency may be considered in terms of the number of comparisons, number 
of passes through a loop or the use of memory

•	 be able to apply the logical operators AND, OR and NOT in truth tables with up to three inputs 
to solve problems
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Section 1 Computational thinking

1

1.1 – Algorithms, decomposition and abstraction
Computational thinking

Computer Science is all about studying problems and working out how to solve them. The 
problem might be a mathematical one such as adding the numbers 1 to 100, or finding all the 
prime numbers less than a million. It might be something less well-defined, such as getting a 
computer to recognise when the platform of an underground railway is becoming dangerously 
full. It could be a problem that a virus-checker attempts to solve – detecting when your computer 
has a virus.

A human being looking at a CCTV of an underground platform would be able to tell quite easily if 
it was too crowded, and no more people should be allowed through the barrier, but how do we 
get a computer to recognise that situation? 

Some of the key concepts in computational thinking include: 

•	 abstraction

•	 decomposition

•	 algorithmic thinking

Abstraction
Abstraction involves removing unnecessary details from a problem in order to solve it. We are 
all familiar with the idea of abstracting away details from abstract paintings and statues; think 
of the famous statue ‘Angel of the North’ by Antony Gormley, dominating the skyline near the A1 
at Gateshead. 
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2.1 – Storage units and binary numbers
Computers are made up of complicated hardware that stores and processes data. If you break 
a computer down into its most basic components you have millions of circuits that either allow 
electricity to flow, or not. Imagine a whole row of light switches that you can switch on and off 
in different combinations to mean different things. Each switch is either on or off. It has only two 
states, which can be represented by 1 or 0. This is called binary.

All data, such as numbers, program instructions, text, sound and graphics are stored and 
processed as binary. 

A single 1 or 0 is a binary digit, or a bit for short. A group of eight bits is called a byte. Imagine 
you’ve taken a small bite out of an apple, you might call that a nibble. So four bits, half a byte, is 
called a nibble.

Units
A byte is the smallest addressable unit of memory in a computer. Just as a kilometre is 1000 
metres, we can group together 1000 bytes to make a kilobyte. In Computer Science, memory 
is often considered using powers of 2. So, a kibibyte is 210 = 1,024 bytes, a mebibyte is 220 = 
1,048,576 bytes, and so on.

Memory size is measured in the following multiples:

Unit Number of bytes Number of bytes Equivalent to

Kibibyte (kiB) 210 1,024 bytes 1,024 bytes

Mebibyte (MiB) 220 1,048,576 bytes 1,024 kiB

Gibibyte (GiB) 230 1,073,741,824 bytes 1,024 MiB

Tebibyte (TiB) 240 1,099,511,627,776 bytes 1,024 GiB

(Note: An alternative system of units makes use of standard prefixes,  
with 1 kilobyte = 1000 bytes, 1 megabyte = 1,000,000 bytes, 1 gigabyte = 1,000,000,000 bytes, 
1 terabyte = 1,000,000,000,000 bytes.)

(a) Convert 2,048 MiB into GiB

(b) Convert 1 TiB into GiB
Q1

(a) �How much storage is needed for a typical photograph file taken from a mobile 
phone camera?

(b) �A music streaming service has 1 million tracks. A typical track requires 3 MiB. 
How much storage will be needed to store all the tracks?

Q2

Computers use the binary system to store numbers and perform binary arithmetic and logic 
operations. The storage capacities of computer systems have grown, and the memory size of 
secondary storage systems is now commonly measured in tebibytes (TiB). 

Binary
Binary data uses only two digits, 0 and 1. Our denary system uses ten digits, 0 to 9. The number 
75, for example, is 7 tens plus 5 units.

Imagine you are back in primary school, learning to add again. 7 + 5 = 12, so you write down the 
2 units but carry the group of 10. 23 would be 2 groups of 10 and 3 units.
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Section 2 Data

2

2.3 – Two’s complement and binary shifts 
Two’s complement

Previously you have looked at binary to denary conversions that use positive integers. These are 
known as unsigned integers as there is no + or – sign at the start of the number.

When storing numbers, only binary 1s and 0s can be used. A system known as two’s 
complement is used to store both negative and positive numbers using one bit pattern.

Imagine an analogue counter. As you turn it back, it goes from 0001 to 0000 to 9999.

Turn back Turn back

The 9999 then represents the number -1. 9998 would represent -2.

Two’s complement numbers work in the same way using binary numbers.

Two’s complement Denary
1000 0000 -128
1000 0001 -127

…
1111 1110 -2
1111 1111 -1
0000 0000 0
0000 0001 1
0000 0010 2

…
0111 1101 125
0111 1110 126
0111 1111 127

Give the 8-bit two’s complement binary that represents the number +3. 

Use the table above to help you.
Q12

Give the 8-bit two’s complement binary that represents the number -3. 

Use the table above to help you.
Q13
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1.	 (a)	 Add the following two 8-bit binary numbers.	� [2]

		  0 0 1 1 0 1 0 1

		  1 0 0 1 1 1 0 1

	 (b)	� Explain what is meant by an overflow error when adding two 8-bit binary numbers. � [2]

2. 	 The number 73 could be a denary number or a hex number.

	 (a)	 If 73 is a hex number, calculate its value as a denary number.

			   You must show your working.		�    [2]

	 (b)	 If 73 is a denary number, calculate its value as a hex number.

			   You must show your working.		�   [2]

3.	 (a)	 Convert the binary number 10110110 to denary, showing your working. � [2]

	 (b)	 Convert the denary number 175 to binary, showing your working. � [2]

4.	 (a)	 Convert the denary number -32 to two’s complement.� [3]

	 (b)	 Convert the two’s complement binary number 11011011 to denary.� [3]

5.	 An arithmetic right shift of one place is applied to the number 10110100.

	 (a)	 State the result after the arithmetic right shift has been applied.		�    [1]

	 (b)	� State the result which would have occurred if a logical right shift had been used. � [1]

6.	 (a)	 Explain why data is stored in computers in a binary format.	� [2]

	 (b)	 In the ASCII character set, the character codes for three capital letters are given below.

Letter ASCII character code

A 65

N 78

R 82

		  (i)	 Explain how the ASCII character set is used to represent text in a computer.	�  [2]

		  (ii)	 Convert the word RAN into binary using the ASCII character set.	�  [4]

7.	 A digital camera stores image files that require 3 mebibytes each.

	� Calculate the amount of storage space that would be required to store 1024 images. Give your 
answer in gibibytes.

 	 You must show your working. � [2]
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3

3.4 – Operating systems
The operating system is a group of programs that manages the computer’s resources. One 
feature of most operating systems that you will already be familiar with is the graphical user 
interface (GUI). This is the part of the operating system that allows the user to interact with it 
through the use of icons, windows, menus and pointers.

Operating systems are also responsible for other functions including:

•	 File management

•	 User management

•	 Process management

•	 Peripheral management

File management
A file system is normally organised into folders and subfolders for easy user navigation and 
usage. These folders contain files which could be software programs, databases, documents and 
many other types of file.

Name Type Size

Computer Science File folder

English File folder

Geography File folder

History File folder

Maths File folder

Science File folder

School Year Text Document 183 KB

Timetable Microsoft Word Document 91 KB

File management systems:

•	 enable a user to create, name, save, modify, copy, delete and move files and folders

•	 enable a user to search for a particular file

•	 keep track of location of files on the storage device so that they can be retrieved when needed

•	 keep track of the free space available where files can be stored

•	 enable users to restore deleted files

•	 prevent conflicts when two users on a network attempt to modify the same file

•	 maintain access rights to files

User management
User management enables a network administrator to allocate accounts and set different 
access rights for different users. Administration software can also identify all the users currently 
on the network, manually log out users and monitor when and for how long each user is logged 
in over a period of time.

The user management system allows the administrator to set default logout times based 
on inactivity.
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5.1 Environmental issues 87

5.1 – Environmental issues
Environmental issues associated with digital devices

The use of digital devices has many associated environmental issues. These include:

•	 Energy consumption

•	 Manufacture

•	 Replacement cycle

•	 Disposal

Energy consumption
All digital devices require energy to use. Desktop computers may typically consume 200 watts of 
power when running. Meanwhile, a more efficient laptop might require only 50 watts. Even more 
efficient tablet computers may require just 20 watts.

This energy usage almost always comes from the National Grid and therefore will contribute to 
the use of oil, gas and nuclear materials.

Most people are aware that computers and devices use energy, and as such they may choose more 
energy efficient devices and appliances. Domestic appliances, in particular, make use of energy 
efficiency labels to help inform customers and motivate them to buy more energy efficient models. 

More efficient

Energy Efficiency

Less efficiency

Energy consumption kWh/annum221

Manufacture
There are also significant amounts of energy required to manufacture electronic products. For 
instance, a desktop computer’s manufacture could require the same amount of energy as 
running the computer in an office for over three years. 

Computers and other digital devices make use of many different minerals such as iron, 
aluminium, copper, cobalt and cadmium. Even gold is used for the contacts on CPUs. These 
materials are not renewable, and if they cannot be recovered in recycling then they deplete 
reserves. The mining process itself may be harmful to the environment, wildlife and people.

Replacement cycle
The replacement cycle is the amount of time it takes from purchasing an electronic product to 
when it is replaced. Think about the energy use in the manufacture of a desktop computer. If the 
computer is used for just three years this would be significant. However, if the computer is used 
for nine years, only one third of the energy would have been needed for each year. The same can 
be said for all the raw materials that went into its manufacture.
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Python
The programming language used for Edexcel Paper 2 is Python (version 3). The exam board 
produces a Programming Language Subset (PLS) which you should use as a reference when 
programming. This covers all the different parts of Python that could be used to solve problems 
and answer questions in the Paper 2 exam.

Python is a free programming language and may be downloaded from  
https://www.python.org/downloads/

6A.1 – Data types and operators
Variables, data types and constants

Any data that a program uses must be stored in main memory locations, each given its own 
identifier while the program is running. As the program runs, the values in these locations might 
change, which is why they are called variables. For example: a variable called total might 
change several times as many numbers are added to it. A variable called surname may change 
as the program processes a list of customer orders.

Each variable has an identifier (a unique name) that refers to a location in memory where the 
data item will be stored. Each variable also has a data type that defines the type of data that will 
be stored at the memory location and therefore the operations that can be performed on it (for 
example, you can multiply two numbers but you can't multiply two words).

Data types
Variables need to be declared before they are used. In some languages, such as C# or Java, 
you need to state what type the variable will be. In Python, the variable type is determined by the 
value it is first given. So if you write a = 23, b = "Fred", a will be stored as an integer (whole 
number) and b will be stored as a string (text).

The table below shows the different data types that are used in Python.

Data type Data type 
in Python

Meaning Example of the data 
type being used

Integer int
A whole number, positive or 
negative.

age = 15

Floating point number float
A number with a decimal 
point.

height = 1.73

Boolean bool Holds the value True or False. gameOver = True

String str
A sequence of one or more 
letters.

city = "Leeds"

Character str
One letter. In Python this is 
held in a string.

firstInitial = "S"



Section 6A Programming basics

SE
CT

IO
N 

6A
 P

RO
GR

AM
M

IN
G 

BA
SI

CS

6A

120

6A.5 – Records and files
Previously we looked at arrays. An array is a collection of data items stored under one identifier 
so that the data items can be processed easily. When we group data items together so they can 
be treated as a set of data, we refer to this as a data structure.

Records
Most languages will allow arrays to be defined quite easily but sometimes we want to define 
our own data structures. Imagine a program for a car sales showroom. If your program is going 
to process details about cars, it will be easier to create a record structure to hold all of the car 
details rather than storing them as one long string of text or lots of separate variables. We cannot 
put them in an array because the separate data items we need to store about each car are not all 
of the same data type.

Here is a text file with some car details in it:

RE05 HSD, Ford, 2005, 97500, 650
SW12 SDF, Vauxhall, 2012, 59650, 2500
BN64 WJR, Nissan, 2014, 39900, 18000

We could process this file as lines of text but it would be easier it we defined our own data type 
that gave this line of text some structure. Delphi is a high-level programming language. A Delphi 
programmer could define this record type as follows:

type TCar = record
 	 registration:  string;
 	 make:          string;
 	 year:          integer;
 	 mileage:       integer;
 	 price:         integer;
end;

Individual data items within a record are called fields.

Table: CarTable 

registration make year mileage price

AV60 HES Peugeot 2010 33156 £5,500

GF56 RTE Toyota 2006 26875 £8,500

FD02 YOU Hyundai 2002 85300 £3,499

AD62 HGF Peugeot 2012 50887 £7,649

AF63 HTE Peugeot 2013 45860 £6,780

GF64 NGB Renault 2014 38665 £6,199

GR11 JUL Renault 2011 90760 £2,999
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Section 6B Problem solving with programming

6B

Code readability
It is important for code to be readable as this helps both you and other programmers to 
understand and maintain it.

To make code more easily readable, make use of the following techniques:

•	 Use meaningful identifiers – for example, a list named testScores is far easier to 
understand than a list named ts.

•	 Code layout – declaring variables at the start of the program is one way to improve the layout. 
Having blank lines between code blocks also helps to make it easier to read and understand.

•	 Comments – comments are useful for helping to understand code. They don’t need to be on 
every line as this is often unhelpful. They should explain difficult to understand lines of code or 
what the purpose of a function, procedure or block of code is.

•	 White space – using whitespace includes blank lines to separate code blocks, indentation of 
code blocks and using additional white space around operators – for example:

average = sum / total

is easier to read than:

average=sum/total

Look at the following code which calculates the maximum of two numbers.

Rewrite the code to improve its readability.

def max(n1,n2):
    if n1>n2:
        return n1
    else:
        return n2
a=int(input("Enter first number: "))
b=int(input("Enter second number: "))
print("Larger number is: "+str(max(a,b)))

Q13

Errors and testing
When you write a program in a high-level programming language, a translator (compiler or 
interpreter, will scan each line of code and convert it into machine code. As you will already 
have found out, programming is not as easy as it looks.

•	 Firstly, it is very easy to make mistakes typing in the code, for example typing "prnt" instead of 
print. These are syntax errors.

•	 Secondly, once you have corrected all the syntax errors, the code may run but not do what 
you want. This means there are logic errors in your program.

•	 Thirdly, code may run, but create an error that crashes the program when it is running. These 
are known as runtime errors. For example, if a program tries to divide by zero.

Syntax errors
The translator expects commands to have a certain format, called syntax, just like a sentence in 
English has grammar rules. Syntax is a set of rules which defines the format of each command.
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6B.4 Libraries

Example 12
The following example shows how a square could be drawn with the turtle.

Program Output
import turtle
screen = turtle.Screen()
screen.setup(800,400)
turtle.screensize(800,400)
turtle.speed(0)
terry = turtle.Turtle()
terry.forward(50)
terry.right(90)
terry.forward(50)
terry.right(90)
terry.forward(50)
terry.right(90)
terry.forward(50)
terry.right(90)
turtle.done()

Improve the code so that the square is drawn using a FOR loop.Q21

Filling shapes
It is possible to have the turtle fill a shape with colour once it has been drawn.

The following subprograms are used:

Subprogram Meaning

terry.fillcolor("red")
Change the fill colour to red.

Alternatively, RGB colours can be used. For example (1, 
0, 0) or “#FF0000” will also be red.

terry.begin_fill() Start filling the shape.
terry.end_fill() End filling the shape.

Create a program to draw a pentagon (five sided shape) that is filled with blue
Q22

Turtle colours
Some predefined turtle colours include:

Blue, black, green, yellow, orange, red, pink, purple, indigo, olive, lime, navy, orchid, salmon, 
peru, sienna, white, cyan, silver and gold.
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Index
Symbols
1-dimensional arrays  117
2-dimensional arrays  118

A
abstraction  2, 137
acceptable use policies  99
access rights  60
accountability  91
adding in binary  35
address bus  54
algorithm  5

algorithmic thinking  5
bias  92
binary search  16
bubble sort  19
converting to programs  138
efficency  22
linear search  15
searching  15

amplitude  45
analogue  45
Analogue-to-Digital Converter 

(ADC)  45
AND gate  25
anti-malware software  64, 97, 

99
antivirus  97
appending to a file  122
application layer  78
architecture  52
arithmetic 

logic unit (ALU)  53
operations  53, 105
operators  13
shift  40

arrays  117
artificial Intelligence  90
ASCII  42
assembly language  66
assignment statements  104
audit 

logs  65
trails  65
authentication  65, 135

B
backups  100
backup utilities  63
bandwidth  75
bias  92
binary  32

addition  35
arithmetic  35
ASCII  42
conversion  34
shifts  40
to denary conversion  34
to hexadecimal  36
to hexadecimal conversion  

36
logic  23
search  16

bit depth  45
bitmap image  43, 47
black hat hackers  82
blagging  98
Blu-ray  59
Boolean  103

data type  112 
expressions  112

bubble sort  18
buffering  62
buses  54
bus topology  80

C
calculating file size

images  45
sound  46

case conversion  108
CD  59
central processing unit  52
character data type 103
character set  42
circuit switching  74
clock  54

speed  55
code 

readability  140
reviews  65

colour depth  43, 44
communication  88
comparison operations  105
compiler  67

compliance  65
compression  47

lossless  48
lossy  47
software  63

computational thinking  2
computer architecture  52
conditions  13
constants  9, 104
control bus  54
Control Unit (CU)  53
Copyright, Designs and Patents 

Act 1988  93
counting in binary  33
CSV files  123
cyber security  95

D
data bus  54
data compression software  63
data ownership  90
Data Protection Act 2018  89
data types  103

conversion  106
decomposition  4, 136
defragmentation software  63
denary  37

to binary conversion  34
to hexadecimal conversion  

37
to two’s complement binary  

39
digital  45
disposal of devices  88
dots per inch  45
DVD  59

E
efficiency  143
email protocols  77
embedded system  56
encryption  99
energy consumption  87
environmental issues  87
errors  14, 140
ethernet  77
ethical hacking  82
exponentiation  105
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