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Introduction 
Python is a popular and widely 
used programming language.  
 
Despite its snake-like name and 
logo, Python is not named after a 
reptile but after the famous British 
comedy group Monty Python. 
 
 

 

 
UK postage stamp depicting the members of Monty Python 

 
In this book, we will be using Python 3.  
 
Python is a general purpose language which means that it is 
suitable for writing software to solve many different kinds of 
problem.  
 
Python is ideal for people who are learning to code for the 
first time because it: 

• Is very concise, i.e. a little code goes a long way in terms 
of instructions. 

• Can be used on many different types of computer.  
• Comes with an excellent library of tools to help you 

write programs quickly and easily. 
• Is “open source”, which means that it costs nothing to 

download and you can distribute any Python programs 
that you write, for free. 

 

 

This chapter covers: 

• Python essentials 
• Printing 
• Comments 
• Variables 
• ASCII 
• Strings in detail 
• Inputs 
• Boolean logic 
• Conditionals (if statements etc.) 
• Iteration (while and for loops) 
• Lists  

 

Python essentials 
Creating and running a Python program 

A Python program can be run (another way of saying this is 
“executed”) in two ways: 

• By using a command line, or  
• By using an editor to create a program. In this book, we 

assume that you will be using this method.  
 

IDEs 

Python programs can be written, edited and saved using a 
special type of editor called an Integrated Development 
Environment or IDE. An IDE is like a word processor but 
with lots of features to help programmers to write and edit 
programs efficiently.  
 
There are many different IDEs available, each with their pros 
and cons, e.g. IDLE, Visual Studio Code and Thonny. Your 
teacher will tell you which IDE to use. 
 

Getting started with coding 

Back in the 1970s, in one of the first books ever written on 
programming, students were asked to make the computer 
display “Hello world!”. This has become a very popular 
tradition and is a good place for any beginner to start as the 
code is very simple, especially in Python.  
 
In your IDE, try typing:  

print("Hello world!") 

 
Python logo 
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If the IDE you are using does not have autosave, save your 
file. The file will be saved with the extension .py. This file is 
referred to as a Python script. Run the script from the IDE. 
The result produced by your program is called the output. In 
this case, your output will be: 

Hello world! 

 
Note that terminology may vary from one IDE to another 
but we will use the word “run” to signify running or 
executing the program using the IDE.  
 
In Python, the print() function is an instruction that tells 
the computer to display something that is inside the 
brackets, on the screen. Experiment by instructing the 
computer to display other phrases. Remember to put 
quotation marks around the sentences. 
 

Errors 

Try making a mistake deliberately, e.g. Type print with an 
upper case “P”. Type:  

Print("Goodbye!") 
 
Run the code. 
 
You will get an error message. Try adding a space after 
print and before the open bracket. Then use single 
quotation marks instead of double ones. Do these things 
cause errors or not? Note your results. Can you instruct the 
computer to just display a blank line?  
 
There are two types of errors in computer science: syntax 
and logic. 
 
Syntax errors 
When coding, it is essential to use the correct syntax, i.e. 
spelling, punctuation, and capitalisation of letters, otherwise, 
the code cannot be run.  
 
Logic errors (bugs) 
Even when the syntax is correct and a program 
runs, the output may not be as expected. For 
example, you may have forgotten to include an 
essential line of code, or put the instructions in the wrong 
order, or used the wrong operator.  
  
These types of mistakes are called logic errors or “bugs”. 
They can be hard to find, as you won’t be alerted by an error 
message. They also might lead to programs that work 
correctly sometimes but not other times. This is one reason 
why it is so important to test programs carefully and 
thoroughly. Bugs you don’t know about can cause a lot of 
problems.   

Printing 
Strings 

We now know that the function print("text") will 
display the text between the quotation marks on the 
computer screen. Text surrounded by quotation marks is 
called a string. The quotation marks indicate where the string 
begins and ends but are not part of the string itself. We will 
discuss strings in detail later. 
 
In Python, you can use single or double quotation marks to 
indicate a string. There is no strict rule about which one to 
use, but as languages such as JavaScript, Java and C# use 
double quotation marks, we will use them in this book. 
 
Notice that the brackets and quotation marks in the script 
are not displayed in the output. 
 
Experimenting further with printing 

You may have discovered how to instruct the computer to 
display a blank line by using print(). You can use the 
print() function to do various other things as well. 
 
Controlling line spacing and using arguments 
Suppose you want to print “Hello world!” twice on the same 
line. Using an IDE, run these lines: 

print("Hello world!") 
print("Hello world!") 
 
You should see this output: 

Hello world! 
Hello world! 

 
Why is the second sentence of the output on a new line? 
When Python executes each print() function, it 
automatically moves to a new line. In other words, it defaults 
to adding a new line after printing each string. 
 
You can change this default setting as follows: 

print("Hello world! ", end="") 
print("Hello world!") 
 
You should see this output: 

Hello world! Hello world! 
 
Adding additional instructions inside the brackets, separated 
by commas, is called adding arguments. We will come across 
arguments again later in the chapter and in the chapter called 
Python 2. Note that sometimes you may see the word 
parameter used instead of, or in conjunction with, argument. 
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We can change the way the string ends in various different 
ways, for example, to add a symbol such as a comma after 
the string, type the following: 

print("Hello world!", end=",") 
print("Hello world!") 
 
Save and run your program. You should see this output: 

Hello world!,Hello world! 
 
Let’s suppose you want to add a new line in the middle of a 
string. You can do this using the special characters \n in the 
middle of the string. Type: 

print("Hello,\nit’s me!") 
 
Save and run your program. You should see this: 

Hello, 
it’s me! 

 

More about special (escape) characters 
As you know, each key on a computer’s keyboard is assigned 
to a character e.g. letters, numerals, or other symbols.  
 
In Python strings, the backslash \ is known as a special 
character, also called the escape character. In the previous 
example, we used \n to represent a new line. For a tab, we 
use \t. 
 
Adding two escape characters turns the backslash back into 
an ordinary character, e.g. \\ prints a single \. 
 
We can use these special characters to output different 
patterns. Try typing this: 

print("*********\n*\t*\n**\t*") 
 
Save and run your program. You should see this output: 

********* 
*  * 
*  * 

 
Printing blank spaces 
Blank spaces in strings are also regarded as characters. Let’s 
suppose we want to have a blank space between each 
asterisk in the top line of the output in the previous example. 
Type: 

print("* * * * *\n*\t*\n*\t*") 
 
 
 
 
 

Save and run your program. You should see this output: 

* * * * * 
*  * 
*  * 

 
Experiment further to create different patterns of your own 
such as a square, triangular shape or even a circle. 
 
Printing numbers 
Python recognises when numeric symbols are being used as 
numbers rather than as strings of text. For numbers, we do 
not use quotation marks.  
 
Python can do calculations on numbers used in a print() 
function. Try and run: 

print(5) 
print(5+7) 
 
Here is the output: 

5 
12 

 
Note that in the second line, Python has done the calculation 
first and then displayed the result. This is because the 
calculation takes precedence over the display instruction, in a 
similar way to the order of operations in maths (BIMDAS).  
 
You may need to print numbers and text together. You can 
include the number with the text as a string, or not. For 
example, run: 

print("Answer: 25") 
 
Here is the output: 

Answer: 25 
 
Or you can include the number, separated from the string of 
text by a comma. Run: 

print("Answer: ",25) 
 
The output should be the same: 

Answer: 25 
 
In the latter case, Python regards 25 as a number and not a 
string. 
 
Replace 25 with the mathematical operation 25-10 in each 
of the last two examples. Run each one and explain the 
difference in output. 
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Comments 
In the world of software development, programs may be 
divided up into segments with different people working on 
different segments. As people code in different ways, it can 
be difficult and time consuming for a programmer to 
understand code that a colleague has written. A solution to 
this is to add comments to code. 
 
Python ignores comments. You will not see them in the 
output.  
 
Comments contain explanations to help others to 
understand what a piece of code is supposed to do and serve 
as useful reminders to the programmer as well.  
 
There are two types of comments in Python: single line and 
multiline. For example, to add a single line comment before 
some code, type: 

# This is a single-line comment. 
 
And to add a multiline comment (one that runs over several 
lines) before some code, type: 

""" 
This is a multiline comment. It can have 
as many lines as you need.  
""" 
 

Test yourself  

1. How did the Python programming language get its 
name? 

2. What version of Python is used in this book? 

3. What do we mean when we say that Python is a 
high-level programming language? 

4. Python is a general purpose language. What does 
this mean? 

5. Give three reasons why Python is an ideal 
programming language for beginners. 

6. What does IDE stand for?  

7. What does an IDE help programmers to do? 

8. Name two popular IDEs for writing Python 
programs. 

9. What is a Python script? 

10. What file extension is given to a Python script? 

11. What is the Python function that tells the computer 
to display something on the screen? 

12. Write the Python code to display the message: “I’ve 
had enough.”  

13. When writing code, what does syntax mean?  

Test yourself  

14. Why is it important to use the correct syntax? 

15. What is a bug in Python? 

16. What is a string?  

17. What do the quotation marks around a string 
indicate? 

18. Explain what is meant by adding an argument and 
give an example. 

19. In Python, what other word is sometimes used 
instead of, or in conjunction with, argument? 

20. What code is used to instruct the computer to 
display a blank line? 

21. What are special characters used for? 

22. How do you display a special character, such as “\” 
on the screen? 

23. What special characters would you use to add a 
new line in the middle of a string? 

24. How can you change a special character back into 
an ordinary character? 

25. Why are comments used in coding? 

26. In Python, what are the two types of comment 
called? 

27. What symbols do you use to indicate each type of 
comment? 

 

Tasks   

1. Using two print() functions, write and test the code 
to display the string “Goodbye!” twice on the same 
line. 

2. Using an argument, change the following code to 
display a full stop after the string: print("No 
way"). Amend this code to add a tab between the 
words inside the brackets.  

3. Using ordinary characters and special characters, write 
the code to create a pattern in the shape of: a face, the 
letter X, a triangle, a small circle, and a larger circle.  

4. The first year Home Economics 
teacher wants to teach her 
students how to do simple cross 
stitching, no more complicated 
than the sample shown. Using 
repetitions of the letter “X”, 
design a pattern to be printed onto 
fabric.  

Sketch your design first. You can amend it as you go 
along. Use your knowledge of the print() function 
to write and test the code to produce the pattern. Put 
comments in your program.  
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Variables 
In coding, a variable is used to record and store information. 
Think of it as a place, such as a shelf or a box, where the 
computer keeps a single piece of information. Variables are 
temporary, which means that they only exist while a 
program runs. 
 

Assigning a value to a variable 

The item of information stored in the variable is called its 
value. Instructing the computer to use a variable to store a 
value is called assigning a value to a variable. This type of 
instruction is called an assignment statement. 
 
Assignment statements 
We assign a value to a variable using a variable name, the 
assignment operator (the same character as an equals sign in 
mathematics, but with a different meaning), and the value to 
be stored. For example, length=5 is an assignment 
statement assigning the value 5 to the variable length.  
 
We can also say that the variable  
length, which is a location in the 
computer’s memory, is assigned the 
value 5. It is illustrated here using a 
graphic known as a memory box. 
 
So if we print length, we will see 
5 in the output, try it. 
                          

Creating variables 

When choosing a name for a variable, use something that will 
remind you of the information that the variable will be 
storing, e.g. houseNumber might be used to store the 
number of somebody’s house.  
 
Remember that variable names must: 

• Not start with a number (but may contain one) 
• Not include spaces 
• Not contain special characters such as @, /, - 
• Not contain Python keywords (see below). 
 
Note that it is a Python convention, i.e. something that is 
usually done - but doesn’t have to be done - to use only 
lowercase letters to begin variable names. If you want to use 
two words in a variable name, you have these options: 

• Camel case, e.g. houseNumber or 
• Underscore, e.g. house_number. 
 
Different programming languages have their own 
conventions but in this book, for consistency across 
chapters, we will be using camel case throughout. 

Variable naming examples 
The table shows some examples of correct and incorrect 
variable names. 
 

Correct  Incorrect 

aVariable a variable 

item_27 27_item 

grade_7 class-7 

moreAt more@ 

 
Python keywords 
Python keywords are words that Python uses for particular 
purposes; see examples in the following table. You should 
avoid using these for variable names, as doing so will lead to 
syntax and logic errors. 
 

Python keywords – some examples 

False class finally is 

None continue for lambda 

True def from nonlocal 

and del global not 

as else if or 

break elif import while 

 

Variable types 

Computer languages use different types of variables for 
different types of task. Python uses four main variable types 
as listed in the following table. 
 

Types of variables used in Python 

Integer int Whole numbers 

Float float Floating point numbers 
(decimal numbers) 

String str Text, collections of 
characters 

Boolean bool True or False  

 
Variable assignment 
To assign a value to a variable, means to tell the computer 
that a variable exists and to give it a value. Other languages 
such as Java or C#, require you to state the variable type, 
e.g. int or str but Python automatically selects the type 
for you based on the variable assigned. 
 

Memory box 

 

 

length 

 
  5 
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Here is a program for assigning four variables, using 
assignment statements: 

x = 5 
y = 3.14 
z = "Pi" 
k = True 
 
This example uses each of the four types of Python variable. 
 
We can also print out the variable’s type using Python’s 
function type(variable). This allows you to find out 
which type Python has chosen for your variable.  
 
Although Python does the variable type assignment for you, 
you will still need to understand the concept of types. Later 
on, you will need to specify types when using inputs from the 
user. Add these lines to the program above: 

print(type(x)) 
print(type(y)) 
print(type(z)) 
print(type(k)) 
 
Here is the output: 

<class 'int'> 
<class 'float'> 
<class 'str'> 
<class 'bool'> 

 
Integer and float 
As we have already mentioned, the variable type called 
integer is used for whole numbers and the variable type 
called float (also known as floating point) is used for numbers 
with a decimal point. Integer and float are known as 
numerical variable types. 
 
• Examples of integers include: 2, 606, -3, 0 etc. 
• Examples of floats include: 0.6, -9.55, 35.02 etc. 
 
Changing a variable type while a program is 
running 
Python can change the type of a variable while a program is 
running. This is not the case in most other computer 
languages. 
 
For example, let’s suppose that a variable changes its type 
from integer to float during a program, as in the example 
below. Type this program and run it: 

x = 5 
print(type(x)) 
x = 5.1 
print(type(x)) 
 
 

You should see this output. 

<class 'int'> 
<class 'float'> 

 
We did not have to tell Python that variable x (initially a type 
int) needed to be changed to type float. Python detected this 
itself and made the change. 
 
Converting a variable value to a float 
Of course, we could have specified that variable x was type 
float. In Python, this is called converting a variable value from 
one type to another. (Other languages often call this 
“casting”.) Type this program to convert a variable to a float: 

x = float(5) 
print(type(x)) 
print(x) 
x = 5.1 
print(type(x)) 
print(x) 
 
This time, the output should look like this: 

<class 'float'> 
5.0 
<class 'float'> 
5.1 

 
Converting from a float to an int 
We can also convert the variable type from a float to an 
int. Amend the program to read like this: 

x = float(5) 
print(type(x)) 
x  = int(5.1) 
print(type(x)) 
 
Now, the output should look like this: 

<class 'float'> 
<class 'int'> 

 
Add another line to the program above to display the value 
of variable x on the screen using print(x) as the fifth line. 
What do you think its value will be? Why?  
 
Converting any Python variable 
We can convert any Python variable: 

myInt = int("5") 
myFloat = float("5.5") 
myString = str(5) 
myBool =  bool("False") 
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Even though the value 5 is a string, not an integer, 
int("5")sets the value of myInt above to be the integer 
5. Similarly, float("5.5") takes the string value "5.5" 
and sets the value of myFloat above to the float value 5.5 
etc. This will be useful later on when we are handling inputs. 
 
Add this code to your program to display the variable types: 

print(type(myInt)) 
print(type(myFloat)) 
print(type(myString)) 
print(type(myBool)) 
 
The output should look like this: 

<class 'int'> 
<class 'float'> 
<class 'str'> 
<class 'bool'> 

 

Finally, add some code to display the output of the variables: 

print(myInt) 
print(myFloat) 
print(myString) 
print(myBool) 
 
Output: 

5 
5.5 
5 
True 

 
It may seem odd that the value of myBool is True. The 
reason for this is that when converted to a Boolean, all 
strings return a Booelan value of True unless they are 
empty, in which case, they have a Boolean value of False. 
We will cover strings and Booleans in more detail later in 
the chapter. The term “return” will be covered in the Python 
2 chapter. 
 
Printing variables with descriptive text 
Suppose we want to print three variables with some 
descriptive text (a string). Try this method: 

x = 5 
y = 7 
z = 9 
print("The answer is: ", x, y, z) 
 
The output is: 

The answer is: 5 7 9 
 
There are other ways to print variables with text but in this 
book, we will use the method shown above. 

Performing calculations on variables 

Symbols for arithmetic operations 
Python uses certain symbols for carrying out calculations on 
numbers. We refer to these calculations as arithmetic 
operations, for example multiplication. These operations are 
carried out on the numerical variable types, i.e. integer and 
float. 
 

 
  
The symbols for these operations are called operators. In 
some cases, they are the same as those that you use in maths 
class, and in other cases, they are different. Sometimes, as in 
the case of  =, the symbol means something different in 
Python than it does in mathematics.  
 
The following table shows the basic operator symbols that 
Python uses for arithmetic operations. 
 

Operator Symbol Example Result is 

Add  + answer = x+y  

Subtract - answer = x-y  

Multiply * answer = x*y  

Divide / answer = x/y Always a 
float. 

Floor divide // answer = x//y The number 
before the 
decimal point 
after division. 
Always an 
integer.  

Modulus % x%y The 
remainder in 
whole 
numbers after 
division. 

Exponent ** x**y x to the 
power of y.  
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Practice with operators 
Let’s start with addition. Type the following lines: 

x = 5 
x = x+2 
print(x) 
 
The output is: 

7 
 
Sometimes it can be helpful to use memory boxes to keep 
track of what is happening in memory, as each line of code is 
executed. 
 

Code What code does Memory box x 

x = 5 Sets x to 5. 5 

x = x+2 Gets value from x. 5 

 Adds 5 to 2 on the 
RHS of the = sign. 

5 

 Sets x to the result of 
this calculation. 

7 

print(x) Gets value from x and 
displays it on the 
screen. 

7 

 
Note that: 

• Generally, the right-hand side of the assignment 
operator (=) is calculated first.  

• Only the variable to the left of the assignment operator 
changes.  

 
Incrementing 
The code x = x+1 is often needed in programming. It is 
used to increment a number, i.e. to increase a number by a 
certain amount – in this case by one.  
 
Python provides another way of doing this:  

x+=1 
 
In fact, Python provides alternatives for various different 
kinds of incrementing and decrementing (decreasing by a 
certain amount). These are summarised as follows. 
 

Statement Code example Equivalent to 

= x = 5 x = 5 

+= x+=5 x = x+5 

-= x-=5 x = x-5 

Statement Code example Equivalent to 

*= x*=5 x=x*5 

/= x/=5 x=x/5 

//= x//=5 x=x//5 

%= x%=5 x=x%5 

**= x**=5 x=x**5 

 
Order of operations 
In Python, the order of operations (also called order of 
precedence) is similar to the order of operations that you 
use in maths. This is shown in the table below. 
 

Order Operator Operation 

1 ( ) Brackets 

2 ** Indices (also known as 
exponent or to the power 
of) 

3 *, /, //, % Multiplication, division, floor 
division, remainder 

4 +, - Addition, subtraction 
 
Note that if all the operations are of equal order, Python will 
work from left to right.  
 
Use an acronym, such as BIMDAS, to help you to remember. 
(Since the term index is often used instead of exponent in 
maths, we are using BIMDAS instead of BEMDAS.) The 
following examples will show why this is important. 
 
Example A 
To evaluate and print:    4+5  
            1+2 
Type these lines: 

answer = 4+5/1+2 
print(answer) 
 
What do you expect your answer to be? Note the result. 
 
Example B 
To evaluate and print:    4+5 
            1+2 
Type these lines: 

answer = (4+5)/(1+2) 
print(answer) 
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What do you think your answer will be this time? Note the 
result and compare with example A. This could be a typical 
example of a logic error, where no syntax error is reported. 
 
Always remember to use your preferred order of 
precedence acronym when coding for arithmetic operations. 
If in doubt, use brackets to ensure the correct order of 
precedence. This will also make your code easier to 
understand.  
 
More practice with arithmetic operators 
Let’s find the volume of a sphere with a radius (r) of 7 units, 
assuming Pi (p) is 3.14. The volume of a sphere = 4/3 p r3. 
We will use variables to store data. 
 
Type these lines: 

pi = 3.14 
r = 7 
answer = ((4/3)*pi)*r**3 
print(answer) 
 
The output is: 

1436.0266666666666 
 

Remember to always check your work with a calculator. This 
is a basic form of testing, where you take steps to evaluate 
whether a program works as intended.  
 
Rounding 
Suppose the answer was in monetary units, for example an 
insurance quote. A customer would not want to see so many 
digits displayed after the decimal point. In this case, we 
should round it to two decimal places. Python’s round() 
function allows us to do this easily. 
 
Type these lines: 

pi = 3.14 
r = 7 
answer = ((4/3)*pi)*r**3 
answer = round(answer, 2) 
print(answer) 
 
Note that the round() function above has two arguments. 
 
The function finds the value stored in the first argument, 
rounds it to the number of decimal places specified by the 
second argument, and stores the rounded result back in the 
variable answer. 
 
The output is: 

1436.03 

 

Strings and string operators 

We already know that a string is a piece of data consisting of 
text and/or other characters, for example "Hello 
world!". Remember that the quotation marks indicate 
where the string begins and ends but are not part of the 
string itself.  
 
A variable can be assigned a string value, for example: 

myString = "Hello world!" 
print(myString) 
 
There are some operators that work on strings but not as 
many as those for arithmetic operations. We will look at two 
of them, string concatenation and string replication. 
 
String concatenation 
When the operator + is used on two strings (rather than on 
integers or floats), it becomes the string concatenation 
operator (and not the addition operator). 
 
It is used to join two strings together, for example: 

string1 = "Hello" 
string2 = "world!" 
answer = string1+string2 
print(answer) 
 

The variable answer is assigned a new string value that 
combines the text of string1 and string2. 
The output is: 

Helloworld! 
 

String replication 
When the operator * is used on one string and one integer, 
it becomes the string replication operator. For example: 

string1 = "Hello" 
answer = string1*3 
print(answer) 
 
Here, the variable answer is assigned a new string value 
that contains the text of string1 repeated three times. 
 
The output is: 

HelloHelloHello 
 
String replication is used more rarely than concatenation, but 
it is useful for creating menus and other graphical style 
outputs. 
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Test yourself  

1. What is meant by a variable?  

2. What do we mean by the value of a variable? 

3. What kind of statement is used to instruct the 
computer to use a variable to store a value? 

4. Write a statement to instruct the computer to use 
the variable age to store the value 16. 

5. State two things that must be avoided when naming 
variables. 

6. In Python, what two options do we have if we want 
to use two words in a variable name? Give an 
example of each. 

7. What are Python keywords? 

8. Why should we avoid using Python keywords for 
variable names? 

9. What are the four main variable types used in 
Python? Give an example of two of these. 

10. Write the code to assign a value of 20 to a variable 
named houseNumber.  

11. What type of statement did you use in your code 
for the previous question? 

12. What variable type will Python select for the 
variable houseNumber above? Write the code to 
display this variable type. 

13. What do we call the variable type used for whole 
numbers only? 

14. What do we call the variable type used for numbers 
with a decimal point? 

15. What are the names of the two numerical variable 
types? 

16. Give an example of how to convert a variable value 
from one type to another. 

17. If a variable y has a value of 6, write the code to 
convert it to a variable of type float. 

18. Re-write the code from the previous question to 
convert variable value of y to a variable of type 
string. 

19. Write code for the following: Create a variable to 
store the value of your age. Assign the value of your 
age to the variable and display it with the following 
text: “What a great age!”. 

20. What are arithmetic operations? 

21. Give five examples of arithmetic operations, using 
the correct symbols.  

22. Give an example of some code that multiplies two 
numbers together and displays the result. 

23. Give an example of some code that divides one 
number by another and displays the result. 

Test yourself  

24. What variable type is the always result of a division 
operation? 

25. What does floor division mean?  

26. What operator symbol is used for floor division?  

27. What is the variable type of the result of a floor 
division operation? 

28. What is the result of a modulus operation? 

29. What symbol is used for the modulus operator? 

30. What is the symbol for the exponent operator? 

31. What does the exponent operation mean? 

32. In an assignment statement, which side of the 
assignment operator is generally calculated first? 
Which variable changes? 

33. What does incrementing mean? 

34. Write the code for incrementing a variable x by 1 
and then by 9. 

35. Write this code in an alternative way. 

36. What does this code mean? x*=4 

37. What does this code mean? x//=5 

38. What does decrementing mean? 

39. Write down an acronym to remind you of the 
order of operations used in Python. 

40. If all the operations are of equal order in a line of 
code, what order will Python use? 

41. The function round(x, 2) has two arguments. 
What do we mean by arguments? How does the 
function use the arguments in this case? 

42. Name two types of operation used on strings. State 
what each one does. 

43. Give an example of code illustrating each of the 
types of operation above. 

 

Tasks   

1. Write a program that assigns two numbers with 
decimal points (floats) and then, separately, displays 
their sum, difference, and product. 

2. Write a program that assigns two decimal numbers 
and then calculates and displays their average, the 
remainder after division, and the first to the power 
of the second. 
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Tasks   

3. Your cousin, who lives in Chicago, tells you that the 
temperature there on a July day can be as high as 87 
degrees Fahrenheit.  

 

 

 

 

 

 

Write a program to covert this temperature to 
degrees Celsius. Give your answer rounded to the 
nearest degree.  

Use the formula: Celsius = (5/9) * (Fahrenheit - 32) 

Display the answer with suitable text.  

 

4. Find out how far in miles your school is from 
Singapore.  

 

 

 

 

 

 

 

 

Write a program that converts this distance to 
kilometres and displays it to the nearest kilometre, 
using suitable text. 

One mile equals 1.60935 kilometres. 

You have decided to charter a helicopter to fly you 
and some friends from your school to Singapore at 
a cost of €900 per km. Calculate and display the 
total cost of the flight.  

 

5. Design and write a program that 
assigns the height (h) and radius 
(r) of a cylinder as variables.  

Calculate the volume of the 
cylinder using the formula:  

volume = p r2 h 

Assume Pi (p) is 3.14. (Ignore units.)  
Create a variable called, totalLiquid. Assign a 
large value to it, making sure that it is greater than 
the volume of the cylinder. 

Work out how many cylinders would be needed to 
carry all of the water (ignore remainders). 

Tasks   

6. The weight of something on the moon is 16.5% of 
what it is on Earth.  

 

 

 

 

 

 

 

Write a program to create a variable for the weight 
of someone on Earth in kg and display their weight 
on the Moon.  

 

7. Write a program that assigns the length and width 
of a rectangular garden and the length and width of 
a rectangular house situated in the garden.  

Calculate the area of the 
garden excluding the area 
of the house. 

Calculate the time 
required to cut the grass 
in the garden at the rate 
of 2 square metres per 
second. The answer 
should be in minutes and given correct to two 
decimal places.  

Display your answer with the appropriate text. 

 

ASCII 
Digital signals and binary code 

Computers work with digital signals. These signals consist of 
values that we consider to be either 1s or 0s. This means 
that every piece of data and every instruction must be 
converted to a code composed of 1s and 0s. We call this a 
binary (meaning two-state) code. This is covered in more 
detail in Chapter 5. 
 
The binary data is represented by voltage levels inside the 
computer. There are two levels of voltage, typically called 
high and low. High is above a certain voltage and low is 
below. We think of these as being binary state 1 and binary 
state 0.  
 
One of the most commonly used binary codes is the ASCII 
code. ASCII stands for American Standard Code for 
Information Interchange. It was designed in the early 
nineteen sixties. 
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How ASCII works 

The ASCII code includes all the upper and lowercase 
characters on your keyboard, the numbers and most of the 
other characters (such as !, +, %, etc.). Non-printable 
characters, such as a blank space, are also included. It’s a 
similar idea to escape characters, which we covered earlier. 
 
Each character is represented by a decimal value, which is 
then converted to a binary code, i.e. a sequence of binary 
digits, called bits. A bit can be either a 1 or a 0. Eight bits is 
known as a byte. The ASCII code for a character usually 
consists of one byte.  
 
The table below shows an extract from the full list of 
characters and shows the decimal and ASCII codes for 
characters A to G. 
 

Character Decimal value ASCII code 

A 65 01000001 

B 66 01000010 

C 67 01000011 

D 68 01000100 

E 69 01000101 

F 70 01000110 

G 71 01000111 

Source: Wikipedia 
 
Search on the Internet to find the full list of ASCII codes. We 
will discuss this and other codes in more detail in Chapter 5. 
 
Obtaining the ASCII decimal value of a character 
Let’s look at how to get the ASCII decimal value in Python of 
a single letter, e.g. the letter A. 
 
Run: 

character = "A" 
ascii = ord(character) 
print(type(ascii)) 
print("The decimal value for the letter A 
is: ", ascii) 
 
Note that the ord() function takes a character and returns 
the ASCII decimal value for that character. This decimal 
value is, of course, an integer. We can show this by 
displaying the variable type using the type() function. 
 
The output is: 

<class 'int'> 
The decimal value for the letter A is: 65 

Converting an ASCII decimal value to a 
character 
We can take an ASCII decimal value and convert it to the 
character that it represents using the chr() function. 
 
Add these lines to the previous script: 

output = chr(ascii) 
print(type(output)) 
print("The character represented by 
decimal value", ascii, " is: ", output) 
 
The output is: 

<class 'int'> 
The decimal value for the letter A is: 65 
<class 'str'> 
The character represented by decimal value 
65 is:  A 

 
Note that the chr() function takes an ASCII decimal value 
and converts it to the character that it represents. It also 
automatically converts the variable type to a string, as we 
can see above. 
 
Practise using ord() and chr() to convert the following 
characters to decimal values and back again: E, 2, &, @. 
 
Encryption example 
Encryption is the process of encoding information for 
security purposes. 
 
One basic way of encrypting is to take the ASCII values of 
characters and “shift” each character using something called 
a “key”.  
 
For example, if a key of +3 were used to encrypt the letter 
A, we would convert A to the appropriate ASCII value and 
then shift this by adding 3 to it. This would result in the 
ASCII letter D, because 65+3 = 68. Similarly, the encrypted 
value of C would be F because 67+3 = 70, etc. 
 
Type these lines: 

character = "C" 
key = 3 
ascii=ord(character) 
encryptedLetter = chr(ascii + key) 
print("The encrypted letter is: ", 
encryptedLetter) 
 
The output is: 

The encrypted letter is: F 
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This type of encryption is known as a Caesar Shift. The 
method is named after Julius Caesar who is said to have used 
it to send messages during his military campaigns. It is not 
very secure in practice. 
 

 
Example of Caesar Shift using an encryption key of 3 
 
Decrypting a message encrypted with a Ceasar Shift is easy if 
you know the key. If the key was +3, you simply subtract 3 
from each character in the message.  
 
Try writing some code to encrypt a letter using a different 
key, and then decrypting it using the same shift key. 
 

Strings in detail 
We will now return to strings and examine them in more 
detail. This section covers some of the most commonly used 
functions for working with strings in Python. 
 
Converting from one case to another 

From lower to upper case 
To convert a string of lowercase letters to uppercase, type 
the following lines: 

string1 = "hello" 
string1 = string1.upper() 
print(string1) 
 
The output is: 

HELLO 
 
From upper to lower case 
To convert a string of upper case letters to lower case, type 
the following lines: 

string1 = "HELLO" 
string1 = string1.lower() 
print(string1) 
 
The output is: 

hello 

 

 
 
 
 

Changing the first letter of a string to uppercase 
and the rest of the string to lowercase 
Type these lines to capitalise the first letter of “hELLo”: 

string1 = "hELLo" 
string1 = string1.capitalize() 
print(string1) 
 
The output is: 

Hello 
 
What happens if the first letter of the string is already a 
capital letter?  
 
Note that the code uses the US English spelling “capitalize” 
rather than the UK English spelling. 
 

To find out the length of a string 

The len() function, counts the number of characters in a 
string. It returns the total number, which will always be an 
integer so the answer is of variable type int. 
 
Type these lines to see how it works: 

string1 = "Hello" 
length = len(string1) 
print(length) 
print(type(length)) 
 
The output is: 

5 
<class 'int'> 

 
Practise using len() to calculate and display the lengths of 
the following strings: "Never ever again!", "Mr. 
McCarthy", "5 or 6? ", "Jane-Z". 
 

String indexing 

Python gives every item (sometimes called an element) in a 
string an index number, starting with 0 for the first item in 
the string. This allows Python to retrieve and work with 
each item separately.  
 
Looking at the diagram below, note that the string index, 
shown on the top row, starts at 0 and ends at 11. Python 
has an additional way to index a string, called the reverse 
string index, which starts at -1 and ends at -12 (shown on 
the bottom row). There are 12 items in total in the string.  
 

0 1 2 3 4 5 6 7 8 9 10 11 

F r a n k  L a m p e y 

-12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 

X Y Z A B C D E F    

 

   A B C D E F G H I 
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To use string indexing to extract a single item, use square 
brackets and the index after the string variable name. Some 
examples may make this clearer.  
 
Type these lines: 

myString = "Frank Lampey" 
print(myString[11]) 
 
The output is a string of length 1: 

y 

 

Alternatively, we could use reverse indexing: 

myString = "Frank Lampey" 
print(myString[-1]) 
 
The output is the same: 

y 

 

Substrings 

Sections of a string are often called substrings (or slices). 
They are indexed using square brackets, e.g. [6:10] refers to 
index numbers 6, 7, 8, and 9. Index number 10 is not 
included. In other words [6:10] means the section that starts 
at index number 6 and finishes just before index number 10. 
 

      [6:10]   

0 1 2 3 4 5 6 7 8 9 10 11 

F r a n k  L a m p e y 

-12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 

[-12:-7]        
 
Using reverse indexing, [-12,-7] refers to the section starting 
at -12 and finishing just before reverse index number -7. In 
the square brackets, we put the lower index number first. 
 
To print the section of the string [6:10], type these lines: 

myString = "Frank Lampey " 
print(myString[6:10]) 
 
The output is: 

Lamp 
 
Write some code to print the same section but using 
reverse indexing. 
 
 
 
 

There is a third string indexing option available in Python. If 
no value is supplied as the first argument, e.g. [: 5], this 
substring starts at index number 0, and finishes just before 
index number 5. Substring [6 :] starts at index number 6 and 
continues up to and including the last item, which is index 
number 11. 
 
Type and run: 

myString = "Frank Lampey" 
print(myString[:5]) 
print(myString[6:]) 
 
The output is: 

Frank 
Lampey 

 
We can experiment using the len() function as follows: 

myString = "Frank Lampey" 
print(myString[len(myString)-1]) 
 
The output is: 

y 
 
Note that the index number for the last string item is one 
less than the value of the length of the string. 
 

To find out if a substring is present 

To examine whether a substring is in a string, we can use a 
function called __contains__. Note that we are using a 
double underscore here. 
 
Let’s use this to find out if the substring "  " (a space) is in 
the string "Jeremiah Jones". Type these lines: 

myName = "Jeremiah Jones" 
print(myName.__contains__(" ")) 
 
The output is:  

True 
 
The output is the Boolean value True because the substring 
is present. 
 
If the substring is absent, the result will be the Boolean value 
False. Try: 

myName = "JeremiahJones" 
print(myName.__contains__(" ")) 
 
There is no space in the string this time so the output is: 

False 
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To locate a substring 

The index() function finds a given item in a string and 
returns its index number. If the same item occurs more than 
once, the index() function returns the first index number, 
starting from 0. 
 
For example, let’s find the location of the substring "  "  in 
the string "Jeremiah Jones". Type these lines: 

myName = "Jeremiah Jones" 
spaceLoc = myName.index(" ") 
print("Location of space:", spaceLoc) 
 
The index number for the substring "  " is  8. This value is 
assigned to the variable spaceLoc. 
 
The output is: 

Location of space: 8 
 
The character "e" occurs three times in the string 
"Jeremiah Jones". Experiment with the code above 
and the index() function to see which index number is 
returned. 
 
What if the substring is not present? Change your script to 
locate "z", which is not in the string. What output do you 
get? 

 

Inputs 
Most programs require information to be input in order to 
carry out their processing. So far, we have been assigning 
values to variables in our programs, i.e. hardcoding the 
variable values. We will now consider inputs from the 
keyboard.  

 
 
The input() function waits for the user to type some text 
on the keyboard and press return/enter. Type the following: 

print("Please enter your name:") 
visitor = input() 
 
Here we are prompting the user to enter their name and, 
using the input() function, to wait for the user to type 
some text on the keyboard and press enter/return. The text 
that the user types will then be stored in the variable 
visitor as a string. The input() function always takes 
data in as a string. 

Type the following to complete your program: 

print("Welcome to our school!") 
print("We hope you enjoy your visit", 
visitor, " - thanks for coming!") 
 
Assuming the visitor’s name is Dolores, the output is: 

Please enter your name:  
Dolores 
Welcome to our school! 
We hope you enjoy your visit Dolores – 
thanks for coming! 

 

Prompting 

Go back to the section on printing, earlier in this chapter, to 
remind yourself how to use end = "", \n and \t. Then 
experiment by using these in your print() prompt to get 
the cursor to move to different positions before the user 
enters the text. 
 
Note that you don’t have to use print() to give the user a 
prompt. Instead, you can type: 

visitor = input("Please enter your name:") 
 
Here Python prompts the user to enter the text and assigns 
the input text to the variable visitor, all in one statement. 
The input() function takes the prompt as an argument. 
 
The term user interface refers to the means by which the 
user and computer system interact. Note that when 
designing this, clear prompting is very important. For 
example, when designing a BMI (Body Mass Index) calculator, 
a bad prompt would be: 

“Please enter a number:” 

A much better prompt would be something like: 

“Please enter your height in metres, correct to two decimal 
places, e.g. 1.74:” 
 
Remember that: 

• You should prompt the user to tell them exactly what 
to do. 

• Python always considers the user’s input to be a string. 
Many other languages also do this. 

 
Experiment by using bad or no prompts in a program. Ask a 
friend to use the program and notice what happens. 
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Inputting an integer or a float 

We have mentioned that Python always considers the user’s 
input to be a string, but what if you want a user to input a 
numerical variable type, i.e. an integer or a float? 
 
We simply use int() or float() to convert the input to 
a numerical value as follows: 

age = int(input("Please enter your age: ")) 
 
Here the input is carried out first and then the input value is 
converted to an integer. Finally this value is assigned to the 
variable age on the left of the assignment operator. Note 
the order of precedence. 
 
Alternatively you could use two steps: 

age = input("Please enter your age: ") 
age = int(age) 
 
Either of the above methods will work.  
 
Finish by typing: 

print("You are ", age, "years old!") 
 
Assuming the visitor’s age is 29, the output is: 

Please enter your age: 29 
You are 29 years old! 

 
Experiment by using float() instead of int().  
 

Performing calculations using inputs 

In the following example, the user will be asked for the initial 
cost of a product in euro and the VAT (value added tax) rate 
as a percentage. The program will calculate and display (a) 
the final cost of the product after VAT has been added and 
(b) the total amount of VAT. 
 
As there are many steps to this problem, try writing them 
down on paper first. 
 
Sample solution: 

iCost = float(input("Enter the initial 
cost of the product in euro:")) 
vatRate = float(input("Enter the VAT rate 
as a percentage:")) 
finalCost = iCost*(100+vatRate)/100 
totalVat = finalCost-iCost 
print("The final cost in euro after VAT 
is", finalCost) 
print("The total VAT amount in euro is", 
totalVat) 
 

Assuming an initial cost of 55 euro and a VAT rate of 23.5 
percent, the output is: 

Enter the initial cost of the product in 
euro:55 
Enter the VAT rate as a percentage:23.5 
The final cost in euro after VAT is 67.925 
The total VAT amount in euro is 
12.924999999999997 

 
Using round(), amend your code to display your answers 
to two decimal places.  
 

Test yourself  

1. What is meant by a binary code?  

2. How is binary data represented electrically inside a 
computer? 

3. What does the acronym ASCII stand for? 

4. A binary digit is called a bit. What values can a bit 
have? 

5. How many bits does a byte consist of? 

6. Describe how a character is represented using the 
ASCII code. 

7. What does the ord() function do? 

8. What variable type does the ord() function 
return? 

9. What function is used to convert an ASCII decimal 
value to the character that it represents? What 
variable type does it return? 

10. What is meant by encryption? 

11. How can ASCII decimal values be used for 
encryption? 

12. Explain how a Caesar shift works.  

13. Using an encryption key of 4, draw a diagram to 
show how the letters D, E and F would be 
encrypted using a Caesar shift. 

14. How do you convert a string of lower case letters 
to upper case and vice versa? 

15. How would you capitalise the first letter of the 
string “good morning”? 

16. What function is used to find out the length of a 
string? What variable type does it always return? 

17. What is meant by string indexing? 

18. What does Python use string indexing for? 

19. What string index number does Python give to the 
first item in a string? 

20. If there are a total of 13 items in a string, what 
string index number will Python give to the last 
item? 
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Test yourself  

21. In string with 9 items, what number will the reverse 
string index (a) start at and (b) finish at? 

22. Draw a table to illustrate string indexing and 
reverse string indexing for the string “Happy days”. 

23. What are substrings?  

24. Write the code to select and print the substring 
that contains items 7 to 9 (inclusive) of the string 
“Hip hip hooray!” using (a) string indexing and (b) 
reverse string indexing. (Hints: draw a diagram and 
use square brackets.) 

25. Write the code to find and print the location of the 
item “o” in the string “It’s yellow.”  

26. Amend the code from the previous question to find 
and print the location of item “t”. 

27. No value is supplied for the first argument in this 
string index [:8]. What section of the string “sun, 
moon and stars” will it return? What substring does 
the string index [3:] refer to? 

28. What function do we use to find out if a given 
substring is in a string? 

29. Using this function, write the code to find out if the 
substring “Mac” exists in your surname. What is the 
output? What type of value is it? 

30. What is the index() function used for? 

31. What does the input() function do? 

32. Without using print(), write the code to 
prompt a user to enter their name and assign the 
input text to the variable name, all in one 
statement. 

33. Before typing in data, why does the user need a 
prompt to be displayed? Give an example of a good 
and a bad prompt. 

34. Python always considers input from the keyboard 
to be a certain variable type. Which type? 

35. How can the variable type of a user’s input be 
changed to a numerical variable type? 

 

Tasks   

1. Create a program where the user is asked to input 
the name of their favourite artist. Assign this value 
to a variable. 

Create another variable 
containing a compliment 
(e.g. “is brilliant.”). Using 
the + operator, 
concatenate (combine) 
the two string variables 
and print the result. 

Tasks   

2. Assume that a person only has a first name and a 
surname, separated by a single space. Write a 
program to: 

• Take in from the user their full name. 

• Using substrings, separate their name into two 
variables, fName and sName. 

• Print fName and sName individually.  

 

3. Write a program to: 

• Prompt a user to enter the amount of time 
displayed below, entering the number of hours, 
minutes and seconds separately. 

9: 52: 18 

• Calculate the equivalent total amount of time in 
seconds and print this value.  

 

4. Write a program to: 

• Ask a user to enter a five-digit number 
representing a number of seconds.  

• Calculate how many minutes this represents, to 
the nearest whole number. 

• Display the result. 

 

5. Write a program to: 

• Invite a user to input 5 characters from the 
keyboard, one at a time.  

• Print out each of the 5 characters and their 
ASCII decimal values.  

 

6. In one month, Ahmed used 684 units of electricity 
at €0.19 per unit. There is a standing charge of 
€26.20 per month.  

 
Write a program to calculate and display the total 
amount due for payment. Ignore VAT. 

Amend the above program to ask a user to enter 
the number of units of electricity used in a month. 
Using the same rate and standing charge, calculate 
the amount due. 
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Tasks   

7. Al’s chipper sells fish and chips. Fish sells at €4.50 
per portion and chips sell at €2.80. Write a 
program to:  

• Prompt the server to input the order, as two 
separate inputs: (a) the number of portions of 
fish and (b) the number of portions of chips. 

• Calculate the total amount due. 

• Display the order and the total amount. 

 
Al does not charge VAT on his sales, although he 
should. Amend the program to remind him how 
much VAT should be charged on the total amount. 
Use a VAT rate of 9%. 

 

8. Write a Python program that encrypts a word using 
a Caesar shift. This means that the program 
requires the word and the shift key (0-25) as inputs. 
A word must consist of 5 letters in lower case and 
with no spaces. The output of the program is the 
encrypted word.  

For example: 

Input: hello 

Key:  5 

Output: mjqqt 

Search online for a tool to 
check your answer. 

Optional: What if the letter 
Y had to be encrypted? Try 
to find a solution to address this. For example 
letter = Y, key = 3. The encrypted value should 
be B. 

 

Boolean logic  
The English mathematician 
George Boole worked at 
Queen’s College Cork in the 
middle of the 19th century.  
 
He developed a branch of 
mathematics known as Boolean 
logic.  
 
Unfortunately, at the time, there seemed to be no use for 
this kind of mathematics.  
 

This changed when computers started to be used to analyse 
data and to make logical decisions, i.e. to ask a question and 
depending on the answer, perform specific tasks. It then 
turned out that Boolean logic was exactly what was needed. 
 

Making comparisons using Boolean expressions 

Comparative operators 
Sometimes we need the computer to compare one item 
with another and record the result. Comparative operators 
are used for this. The symbols used by Python for these 
operators are shown in the table below. 
 

Comparative operator Symbol 

Is equal to == 

Is not equal to != 

Is less than < 

Is greater than > 

Is less than or equal to <= 

Is greater than or equal to >= 

 
Notice that the symbol used for the “Is equal to” operator 
consists of two equals signs instead of one. Why do you 
think this is? 
 
Boolean variable type and values 
Earlier in the chapter we mentioned the Boolean variable 
type briefly. When the computer is asked to make a 
comparison, the result must be a Boolean variable type 
(named after George Boole) and it can only have the value 
True or False.  
 
The values True and False are known as Boolean values 
and they are always written starting with a capital letter, with 
the rest of the word in lowercase. A Boolean value, like any 
other, can be assigned to a variable, for example type: 

a = True 
print(a) 
 
Notice that there are no quotation marks. 
 
Comparisons 
Let’s compare the number of cafés in Lusk and Rush.  
 
Type the following lines: 

luskCafes = 5 
rushCafes = 8 
print(luskCafes > rushCafes) 
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The output is:  

False 

 
The comparison inside the brackets of print() returns the 
value False. Why? (Hint: think of order of precedence.) 
 
Experiment by amending the comparative operator so that 
the result of the comparison is True. 
 
Boolean expressions 
Comparisons, such as the previous one, that give a Boolean 
value as an answer, are called Boolean expressions. 
 
Note that we have used expressions before to do 
calculations. An expression is the most basic kind of 
instruction in Python. It consists of values and operators and 
always evaluates to, i.e. results in, a single value. 
 
Simple Boolean expressions can be combined using additional 
operators, called Boolean operators. The Boolean operators 
and, or and not are explained in the following table. 
 

Boolean 
operator 

Explanation 

and Both parts of the expression must be true 
for the whole expression to result in the 
answer True. 

or Only one part of the expression needs to 
be true for the whole expression to result 
in the answer True. 

not Unlike and and or, the not operator 
operates on only one Boolean expression. 
It returns the opposite value of the 
expression, e.g. if the value of the 
expression is True, not returns the 
value False. 

 
A truth table is a type of table used to show every result that 
can occur when a Boolean operator is used. Note that the 
expressions always evaluate to a single Boolean result: True 
or False. 
 

a b a and b a or b not a 

False False False False True 

False 
equal 
to 

True False True True 

True 
than 

False False True False 

True 
greater 
than 

True True True False 

Truth tables for and, or and not.  

Continuing with the previous example, replace the last line 
with: 

print((luskCafes == 6)and(rushCafes == 8)) 
 
Note the use of brackets around each of the Boolean 
expressions. Work out the result on paper first. 
 
Again, the output is:  

False 
 
This is because luskCafes=5, and so the Boolean 
expression on the left evaluates to False, which means that 
the combined expression must evaluate to False. See the 
second row of the truth table for A and B above. 
 
Experiment with using Boolean operators to deliver different 
combinations of expressions. Test your results using the 
truth table. 

 

Conditionals 
Computer programs often need to branch off in different 
directions depending on certain conditions. To use a 
condition in your code, you need a command called a 
conditional.  
 
Conditionals use Boolean expressions to test if something is 
true or false. Depending on the result of the test, a different 
branch, i.e. path, is taken through the program. For example, 
when you go to pay at the automatic checkout in the 
supermarket, you will be given a choice of cash or card. The 
computer responds differently depending on which payment 
method you select. 
 
Branches are executed if, and only if, the overall Boolean 
expression evaluates to True. 
 

One branch – using if 

The simplest type of conditional is an if statement. This 
statement has only a single branch.  
 

 

One branch 

Check whether 
condition is true. If it is true, branch 

off to run some 
code in a separate 
clause. 

If it is false, carry on 
with main body of 
program. 
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If the condition is true, then the computer executes the code 
in the branch following the if statement. This piece of code 
is also known as a clause. If the condition is not true, the 
clause is skipped and the next statement in the main body of 
the code is executed. 
 
Let’s go back to the automatic checkout. Here the shopper 
will be asked if they have a loyalty card. If the answer is “Y” 
the computer will invite the customer to scan their card. If 
the customer does not answer “Y”, the loyalty card clause is 
skipped and the main program continues. 
 
Type the following: 

answer = input("Do you have a loyalty 
card? (Y/N) ") 
 
Now we will use a Boolean expression to state the 
condition: 

if answer == "Y": 
 
Note the colon at the end of the line. This is extremely 
important in Python. Notice that the editor may create an 
indent on the next line automatically. If it doesn’t, use the tab 
key to indent the code. The indented code is the code that is 
executed if the conditional statement returns the value 
True.  
 
Indent and type: 

    print("Please scan your card.") 
 
Looking at  Scratch code may help you to visualise this. 
Don’t worry if you have never used Scratch before, it is just 
used here as a visual aid: 

Python code again: 

answer = input("Do you have a loyalty 
card? (Y/N)") 
if answer == "Y": 
    print("Please scan your card.") 
 
Assuming the shopper has a card, the output is:  

Do you have a loyalty card? (Y/N) Y 
Please scan your card. 

Two branches – using else 

Sometimes the computer needs to execute another clause of 
code if the condition is not true. For example, suppose a 
customer answered “N” to the loyalty card question, the 
shop could take the opportunity to remind the person to 
sign up for a card, before resuming the rest of the program. 
 
 
 
 
 
 
 
 
 
 
 
 
 
In such cases, it is necessary to add another branch of code 
to the program. This branch will be followed if the condition 
in the if statement is false, as shown in the following 
diagram. 
 
 
 
 
 
 
 
 
 
 
 

Two branches 
 
Returning to the checkout example, we will add the code for 
a second branch, using the conditional called the else 
statement. 
 
Make sure that the cursor is lined underneath the if in your 
previous program. Type the following: 

else: 
 
Note the colon at the end of the line and the indent on the 
next line. After the indent type: 

print("Do you want to sign up for one?") 
 
 
 
 
 

 

  Branch 1 Check whether 
condition is true. 

Branch 2 
If it is false, 
follow Branch 2 
to run some 
code in another 
clause. 

If it is true, follow 
Branch 1 to run 
some code in a 
separate clause. 
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Scratch code: 

 
 
The complete Python script should now look like this: 

answer = input("Do you have a loyalty 
card? (Y/N) ") 
if answer == "Y": 
print("Please scan your loyalty     
card.") 
else: 
print("Do you want to sign up for one?") 
 
If the user does not have a loyalty card, the output is:  

Do you have a loyalty card? (Y/N) N 
Do you want to sign up for one? 

 
Experiment by running the program several times, giving 
different answers to test it. 
 

Several branches – using elif 

When the condition is false, we may need to test for some 
other conditions, in order to decide which clause to run 
next. In these situations, we use another conditional called 
the elif statement. This is short for else-if.  

 
Several branches 

Using the checkout example again, we will now ask 
customers what type of payment they would like to make: 
cash, card or coupon. 
 
Start a new script by typing the following: 

payType = input("Do you want to pay using 
cash, card or coupon?") 
 
Add an if statement, using a Boolean expression to test for 
the first condition, just as before: 

if payType == "cash": 
    print("Please insert cash.”) 
 
After the if statement and lined up with if, add your 
elif statement, using a Boolean expression to test for the 
next condition: 

elif payType == "card": 
 
Remember to indent the next line and type: 

    print("Insert card into machine.”) 
 
Make sure that you put the colons in the right places. 
 
But what if the customer does not want to pay using cash or 
card? They must want to pay using a coupon as it is the only 
remaining option. Type this else statement: 

else: 
print("Coupons are only accepted at 
Customer Service.")        
 
Remember to indent on the line after else:. 
 
Your complete script should now look like this:  

payType = input("Do you want to pay using 
cash, card or coupon?") 
if payType == "cash": 
    print("Please insert cash.") 
elif payType == "card": 
    print("Insert card into machine.") 
else: 
    print("Coupons are only accepted at 
    customer service.") 
 
Here is the output, assuming the customer wants to pay 
using a card: 

Do you want to pay using cash, card or 
coupon? card 
Insert card into machine.  

 
Experiment by running your program several times, testing 
that the different answers give the correct results each time. 
 

 
 

 
 

 
 

 
 
 

 
 
 
 

 

Check whether 
condition is true. 

If it is true, 
run some 
code. If it is false, 

check for 
another 
condition. 

Check whether     
second condition         
is true. 

If it is true, run 
another piece of code. 

If it is false, run 
something else. 
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Note that an elif statement must always come after an if 
statement and before an else statement (although the 
else is not always required, the if is). 
 
As you can see, an elif statement allows your program to 
have many branches, allowing only one particular branch to 
be followed when a specific condition is met. 
 

Test yourself  

1. Who was George Boole and where did he work? 

2. What name is given to the branch of mathematics 
that he invented? 

3. What are comparative operators used for? 

4. Give the symbols for three such operators and 
state what each one means. 

5. A Boolean variable type can only have two values, 
what are these? How must they be written? 

6. If johnAge = 19 and aoifeAge = 17, what 
value will the comparison (johnAge<aoifeAge) 
have? 

7. What is a Boolean expression? 

8. In general, what do we mean by an expression in 
Python? 

9. What type of operators do we use to combine 
Boolean expressions? Name all of these and explain 
how each one works. 

10. What is a truth table used for? 

11. Given A and B below, write the truth table for: 

• A and B 
• A or B 
• not A 
• not B 
 
A B 
False False 
False True 

True False 
True True 

 

12. If johnAge = 19 and aoifeAge = 17, evaluate 
the following Boolean expressions: 

• (johnAge == 20) or (aoifeAge == 17) 
• not(aoifeAge == 17) 
• not(aoifeAge == 15) 
• (aoifeAge < 20)and(johnAge > 9) 

13. What is a conditional used for? 

14. When are branches in code executed? 

Test yourself  

15. What is the simplest kind of conditional? 

16. Draw a diagram to show how an if statement 
works. How many branches does it have? 

17. Draw a diagram to illustrate the conditional called 
the else statement. How many branches does it 
have? 

18. In what situations is the elif statement used? 

19. Draw a diagram to illustrate the elif statement. 

20. Where must an elif statement always appear in 
code? 

 

Tasks   

1. Write a program that asks the user to type in two 
numbers and prints a message if the first number 
divides evenly into the second number.  If the first 
number does not divide evenly into the second 
number, a different message should be displayed. 

2. Create a program to 
work out whether the 
user is eligible to 
apply for an Irish 
Driving Licence. Ask 
the user to input their 
age. 

If they are aged 17 or over, they are eligible, 
otherwise they are not. Print a message to tell the 
user whether they are eligible or not. 

Draw a diagram to show the branching in the 
program. 

 

3. In Rogerson’s Robotics factory, purchasing policy 
depends on the cost of the item to be ordered.   

 
If an item to be purchased costs more than €10,000 
then the purchaser must go to tender (display a 
message). If the item costs between €500 and 
€10,000 inclusive then the purchaser must get 
quotes from three different suppliers (display a 
message), otherwise the purchaser can just go 
ahead and order the item (display a message).  

The user should input the cost of the item and the 
program should indicate the policy to be followed. 

Start by drawing a diagram to show the branching in 
the program. 
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Tasks   

4. Write a program to award free tickets for tram 
trips on the Luas from central Dublin, depending on 
whether the user enters A, B or C. 

Print an introductory message. Invite the user to 
enter one of the above letters. Option A, awards a 
ticket to go to Dundrum Shopping Centre, option B 
is for a trip to Tallaght, and option C allows you to 
go to Broombridge. 

 

 
 

Print a message to tell the user which weekend 
voucher they have won. If the user does not enter 
any of the correct letters, the message “Invalid 
entry” should be displayed. 

 

5. Write a program that calculates a student’s Leaving 
Certificate Higher Level exam grade in Computer 
Science. The grade is based on their percentage, 
which must be entered as an input by the user. The 
grades, H1 to H8, are allocated as follows: 

 

 
                 Source: The Irish Times 

The program should prompt the user to enter the 
percentage as a whole number and output the 
grade. Hint: use elif. 

 

Iteration 1: while loops 
Iteration occurs when we instruct the computer to carry out 
a task over and over again by repeating a section of code. 
This piece of code is called a loop. There are two types of 
loop, a while loop and a for loop. We will consider 
while loops first, as their structure is similar to that of an 
if statement. 
 
 

Basic while loops 

A while loop keeps repeating while a certain condition is 
true. It stops when the condition is false. If this doesn’t 
happen, the loop could go on forever.  
 
Type the following: 

counter = 0 
while counter < 7: 
    print(counter) 
    counter+=1 
print("I’m glad that loop is finished!") 
 
Note that the while statement is just like an if statement. 
It evaluates a condition, which must return a Boolean value, 
either True or False. It ends in a colon and the following 
lines are indented.  
 
The block of indented statements continues to be executed 
while the condition is true. When the condition becomes 
false, the program exits the loop and processes the 
instructions that are lined up underneath while. 
 
Experiment by changing the numbers in the code above to 
get different results. Replace while with if to see what 
happens. Indent the second print statement. What 
difference does it make? 
 
Remember that a while loop  consists of: 

• A loop control variable (also called a counter) which 
must be created and given a starting value (initialised), 
e.g. counter = 0 in the example above. 

• The word while. 
• A Boolean expression to state the condition. The 

condition can be a simple or combined condition. 
• A colon, just like the structure of an if statement. 
• Starting on the next line, an indented block of code 

(known as the while clause). 
• A way of changing the loop control variable, e.g. 

counter in the example above, so that at some point, 
the condition evaluates to False. Otherwise you will 
have an infinite loop. (Sometimes this is useful, but it 
could also be a bug.) 

 
Try creating a loop to print the values 1-100 to the screen. 
Then try to create a loop to print from 100-1. 
 
Setting the loop counter correctly 
Watch out for the off-by-one error (OBOE). This bug 
occurs when the loop is repeated one time too many or one 
time too few; in other words when the loop counter has not 
been set correctly or when the counter change values are 
not correct. 
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If you want to execute the while clause (also called the 
loop body) N times, then initialise the loop counter to 0 and 
use the test condition counter < N, or initialise the 
counter to 1 and use the test condition counter <= N 
(similar idea to string length and character selection). 
 
Infinite loops 
Some gaming programs (and the micro:bit program coming 
up in Chapter 2) deliberately use infinite loops, i.e. while 
loops that run for the duration of an entire program.  
 
This is done by setting the loop condition to True 
permanently, e.g. type the following: 

while True: 
    print("Let’s just loop for ever.") 
 

Other uses of while loops 

Sometimes repetition is required that is not for a fixed 
number of iterations/cycles, e.g. checking a user password 
until it is correct, or that data entered is within a permissible 
range. This is often referred to as a sentinel controlled loop, 
and is frequently used for validation techniques (ways to 
check that something is correct). 
 
For example, a user is asked to enter an exam mark (variable 
type float), which must fall into the range of 0 to 100. While 
the mark entered falls outside the permissible range, the user 
should be asked to re-enter it, until it is inside the range. Try 
the following: 

mark = float(input("Enter an exam mark 
between 0 and 100: ")) 
while mark < 0 or mark > 100: 
    print("Error, mark outside range.") 
    mark = float(input("Re-enter mark: ")) 
print("You entered", mark,"- well done!") 
 
Note the following in the code above: 

• The loop control variable mark is created and given a 
variable type float, otherwise it would be considered to 
be a string and the condition could not be applied. 

• The use of the Boolean operator or in the while loop 
and the colon at the end. 

• The indented block of two lines that forms the while 
clause, i.e. the code that is executed if the mark entered 
is outside the range. 

• How the loop control variable mark is changed within 
this block so that the condition can be re-tested and at 
some point, will evaluate to False, allowing the loop to 
end. 

• The use of the sentinel controlled while loop means it 
may run 0 times (if the grade is within range at first), or 
many times, if the user keeps entering the wrong grade. 

Sample output: 

Enter an exam mark between 0 and 100: 550 
Error, mark outside range. 
Re-enter mark: 57 
Your entered 57.0 - well done! 

 
Note also that previously we just printed an error message 
to deal with incorrect inputs. Using a while loop like this is 
a more practical approach and it is used in many areas of 
validation.  
 
Experiment by inputting different values e.g. a string. What 
output do you get?  
 
In the following example, the user enters a list of numbers 
that are to be added together. When the user enters 0, the 
sentinel value, the loop terminates.  

Try the following: 

num = int(input("Enter a number, 0 to finish: ")) 
total = num 
while num != 0: 

num = int(input("Enter another number,      
0 to finish: ")) 

    total+=num 
print("The total is: ",total) 
 
Here is some sample input and output: 

Enter a number, 0 to finish: 7 
Enter another number, 0 to finish: 9 
Enter another number, 0 to finish: 8 
Enter another number, 0 to finish: 66 
Enter another number, 0 to finish: 0 
The total is:  90 

 
While loops for menus 
In the following example, we will display a menu that gives 
the user an option, and keeps looping until the exit option is 
entered (a sentinel controlled loop).  
 
The three menu options are:  

1 Calculate area of a circle  
2 Calculate volume of a sphere 
3 Exit 
 
Note that invalid options should be indicated to the user and 
the menu re-displayed.  
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Try the following: 

print("1 Calculate area of a circle") 
print("2 Calculate volume of a sphere") 
print("3 Exit") 
option = int(input("Enter option (1-3): ")) 
while(option!= 3): 
    if option == 1: 
        r = float(input("Enter radius: ")) 
        area = 3.14*(r**2) 
        print("Area is: ", area) 
        option = 0 
    elif(option == 2): 
        r = float(input("Enter radius: "))    
        vol = (4/3)*(3.14*(r**3)) 
        print("Volume is: ",vol) 
        option = 0 
    else: 
        print("Invalid choice") 
    print("1 Calculate area of a circle") 
    print("2 Calculate volume of a  
    sphere") 
    print("3 Exit") 
    option = int(input("Enter option (1-3): 
    "))               
print("Time for a rest.") 
 
When you type this, notice where the indenting is. Run your 
program and test it to ensure that the flow is correct. 
 
Here is some sample input and output: 

1 Calculate area of a circle 
2 Calculate volume of a sphere 
3 Exit 
Enter option (1-3): 1 
Enter radius: 3 
Area is:  28.26 
1 Calculate area of a circle 
2 Calculate volume of a sphere 
3 Exit 
Enter option (1-3): 2 
Enter radius: 5 
Volume is:  523.3333333333333 
1 Calculate area of a circle 
2 Calculate volume of a sphere 
3 Exit 
Enter option (1-3): 3 
Time for a rest. 

 
Experiment by adding a menu option to calculate the volume 
of a cube. The user is asked to enter the side length. Then 
add a more graphical menu design, for example using * to 
create a more visually appealing user interface. 
 
 

The output might look something like this: 

******************************* 
*          My Menu            * 
******************************* 
* 1) Area of a circle         * 
* 2) Volume of a sphere       * 
* 3) Volume of a cube         * 
* 4) Exit                     *                           
*                             * 
******************************* 
Enter option (1-4):  

 
 

Test yourself  

1. What is meant by iteration?  

2. What is a loop? 

3. What does a while loop do? 

6. A while statement evaluates a condition. What 
kind of value must it return? 

4. What value must be returned for the code in the  
while clause to be executed? 

5. What symbol must go at the end of a while 
statement? 

6. What is known as the while clause? 

7. A while loop usually consists of 6 things. List these. 

8. How can an infinite while loop be created? 

9. State two uses of while loops. 

10. What is the OBOE?  

11. How can you make sure that a loop is set to repeat 
for N number of times? 

12. What happens in a sentinel controlled loop? 

 
 

Tasks   

1. Develop a program to add up the numbers between 
1000 and 1500 inclusive. Use a while loop.  

 

2. Develop a program that allows a user to type in 6 
numbers using a while loop. Read in each of the 
numbers and sum them, inside the loop.  

Calculate and print the average, outside the loop. 

 

3. Using a while loop, write an access program that asks 
for the name of a user. Only users who input 
“Maureen” will be accepted. Otherwise they will be 
asked for their name again.  
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Tasks   

Once Maureen has entered her name correctly, she will 
be asked for her password. You can set this yourself, 
using a hardcoded variable. If Maureen enters the 
correct password, she is granted access, otherwise 
access is denied. 

 ACCESS DENIED!  
4. Write a program that asks the user to enter a limit 

(must be greater than 0, no validation required). 

The program then sums all the odd numbers between 1 
and the limit inclusively and also sums all the even 
numbers between 1 and the limit in the same loop 
clause.  

Print both results. Check your answers using a 
calculator. 

 

5. Revisit task 2. This time, allow the user to input 
numbers until a number less than 0 is entered. This 
number should not be included in the average or the 
number of numbers entered. This sentinel controlled 
loop should use any negative number entered as the 
sentinel value. 

 

6. Write a program that asks the user to enter a string of 
any length. Count the number of spaces in the string 
entered. Print the total number of spaces. 

Based on the number of spaces, print the word count 
for that sentence. Try this with some sample sentences 
on paper first. (You can assume that the sentence is 
entered correctly and follows the usual format for an 
English sentence.) 

 

7. Lucy has started her own sewing business. She plans to 
make three kinds of products for her customers: 
curtains, cushion covers and quilts. Write a program to 
display a menu offering the user these 3 options plus an 
exit option.  

 

Display a relevant message to the user, after each 
option is chosen. Use * to create a visually appealing 
user interface. 

 

 

Iteration 2: for loops 
Loop statements with for and range()  

Unlike while loops, for loops are given a specific number of 
times to repeat. To start, we can use a function called 
range(). This function creates a range of integers. The 
numbers inside the brackets are the arguments.  
 
Basic for loops 
In this example of a basic for loop, the computer will print 
out each number in the list. Type the following: 

for y in range(1,5): 
    print(y) 
 
Here is the output: 

1 
2 
3 
4 

 
Notice that the last number printed is 4, not 5. This is 
because the second argument inside the range brackets tells 
the computer to count up to, but not including, that number.  
 
This is similar to the method we used for indexing substrings 
earlier in the chapter, e.g. mystring[6:10] refers to 
index numbers 6, to 9. Index number 10 is not included.  
 
Experiment by changing the numbers to get different results. 
Then run the program using only one argument in range() 
e.g. range(5) or range(7). What do you notice? 

 

Remember that a for statement always consists of: 

• The word for. 
• A loop control variable or counter. 
• The word in. 
• A way of setting the number of times that the loop must 

repeat, e.g. by using range(). 
• A colon. 
• Starting on the next line, an indented block of code 

(known as the for clause). 
 
Let’s amend the code in the previous example to run the 
loop twice and to print the variable after the loops: 

for y in range(1,5): 
    print(y) 
for y in range(1,5): 
    print(y) 
print(y) 
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Here is the output: 

1 
2 
3 
4 
1 
2 
3 
4 
4 

 
Notice the value printed on the last line. 
 
Experiment to see what happens if you try to achieve this 
output using two while loops: 

counter = 1 
while(counter < 5): 
    print(counter) 
    counter+=1 
while(counter < 5): 
    print(counter) 
    counter+=1 
print(counter) 
 
Can you explain the output below, particularly the last line? 
Is there a bug? 

1 
2 
3 
4 
5 

 
The point to note here is that the loop control variable is 
reset each time that it is used in a for loop, e.g. by using 
range(). This does not happen in a while loop, unless 
you reset the loop control variable manually. We did not do 
this in the above example. 
 
Experiment with a single basic for loop and a single basic 
while loop to produce identical output. 
 
More about the range() function 
Here we will use a for loop to list addresses between 
house numbers from 50, up to and including 70, on St. 
Patrick’s Parade. Try the following: 

for hNum in range(50,71): 
 print(hNum, "St. Patrick’s Parade") 
 
Run the program and note the output. Experiment by 
amending the range() function to read range(50). Note 
what happens. 
 

Next amend the range() function to read 
range(50,71,2). What happens now? Change the third 
argument to -2, save and run again, and note the result. 
 
We have used the range function with one, two and three 
arguments in the previous for loop example. You will have 
noticed the different results. The explanation of the different 
arguments is given below. 
 

range() Example and explanation 

One 
argument 

for y in range(5): 
    print(y) 
 

Lists the integers from 0 up to but not 
including 5. Note when there is only one 
argument, the range starts at 0. 

Two 
arguments 

for y in range(1,5): 
    print(y) 
 

Lists the integers from 1 up to but not 
including 5. The first argument is called the 
start argument and the second is known as 
the stop argument. 

Three 
arguments 

for y in range(1,10,2): 
    print(y) 
 

Lists the integers from 1 to 9, in steps of 2. 
The third argument is known as the step 
argument. Its value is called the increment or 
decrement value. 

Going 
backwards 

for y in range(10,0,-1): 
    print(y) 
 

Lists the integers from 10 to 1, in steps of 1, 
backwards. This happens because the step 
argument is negative, i.e. it has a decrement 
value. 

 
Experiment using these lines: 

for y in range(10,0,1): 
    print(y) 
 
What would the output of this loop look like? Can you 
explain it? 
 
When using the range() function, remember that: 

• All arguments must be integers. 
• All arguments can be positive or negative. 
• When there is only one argument, i.e. range(y), the 

list starts at 0 and lists values up to but not including y. 
• When counting up or down in steps, you need to use a 

third argument to specify the increment or decrement. 
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Loop statements with for and strings 

One useful aspect of a for loop is that it can be used to 
iterate through a string, i.e. to go through the string, 
character by character (item by item), performing the same 
set of instructions, one character at a time. 
 
This is sometimes referred to as looping though an 
enumerate variable, i.e. a variable that contains more than 
one item, e.g. a string. 
 
For example, type the following: 

inputText = "John28" 
for character in inputText: 
    print(character) 
 
Here is the output: 

J 
o 
h 
n 
2 
8 

 
Note that character is just a variable name. In Python 
there are no variable types of type character (in this case it is 
just a string of length 1). You can change this to any suitable 
variable name. 
 
Let’s go back to task number 6 from the last batch of tasks. 
We will create a program that asks the user to enter a string 
of any length. The program will count the number of spaces 
in the string entered and print the total number of spaces.  
 
Based on the number of spaces, the program will finish by 
printing the word count for that sentence. Note that a basic 
word count is equal to the total number of spaces + 1, 
however, you could try to improve this, as sometimes there 
are two spaces after a full stop.  
 
Try the following: 

sentence = input("Enter a sentence: ") 
spaceCount = 0 
for character in sentence: 
    if character == " ": 
        spaceCount+=1 
wordCount = spaceCount+1 
print("Spaces: ", spaceCount) 
print("Words: ", wordCount) 
 
Note that the loop tests for a space in the sentence, item by 
item. When it finds one, it increments the variable 
spaceCount by 1. When it has done this for each item in 
the sentence, the loop finishes.  

The program then calculates the number of words. This is 
just the number of spaces plus one. It then prints out the 
results. 
 
If the input sentence is “The cat sat on the hat.”, here is the 
output: 

Enter a sentence: The cat sat on the hat. 
Spaces:  5 
Words:  6 

 
Compare this with some sample code for task 6 where we 
used a while loop: 

sentence = input("Enter a sentence: ") 
spaceCount = 0 
counter = 0 
while counter < len(sentence): 
    if sentence[counter] == " ": 
        spaceCount+=1 
    counter+=1 
wordCount = spaceCount+1 
print("Spaces: ",spaceCount) 
print("Words: ",wordCount) 
 
Note the differences between the two loops. If you have 
forgotten the len() function or what square brackets 
mean, go back to “Strings in detail”, earlier in this chapter 
where they are explained.  
 
Note also that a for loop is a very efficient way to iterate 
through an enumerable variable, such as a string. 
 

Test yourself  

1. What is the main difference between for loops 
and while loops?  

2. What function is often used to set the for loop to 
repeat for a specific number of times? 

3. The function range(1,6) creates a range of 
integers. List them.  

4. What does the first argument in range(1,6) 
indicate? What does the second argument indicate? 

5. In range(7), what does the argument indicate? At 
what number will the range of integers generated 
begin? 

6. In range(1,16,2), what is the third argument 
called? What is it used for? 

7. Give an example of how a third argument in 
range() is used to go backwards in a range. 

8. List three things that you would always expect to 
find in a for loop. 

9. What is an enumerate variable? Give an example of 
one. 
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Test yourself  

10. “A for loop is a very efficient way to iterate 
through an enumerable variable, such as a string.” 
Explain this statement. 

 

Tasks   

1. Write a program that prints the numbers 1 to 10 
using a for loop. Then write an equivalent 
program that prints the numbers 1 to 10 using a 
while loop.  

2. Write a program that inputs a value from a user. 
The program counts from 1 to that value and prints 
out every odd number. 

3. Create a program that counts and prints the 
number of vowels in a sentence. 

4. Write a program that takes in a sentence and then 
reverses the sentence, using a for loop. 

5. Write a program that takes in a sentence. Then ask 
the user to enter a single character (a string of 
length 1). Next, using a for loop, count the 
occurrences of that character in the sentence. 

 

Lists  
Lists and strings 

In Python, there is a variable type called a list. A list can be 
used to store a collection of data items, and to keep them in 
order if necessary. Using lists means that the laborious task 
of coding the same instructions over and over again, on 
many items of data, can be avoided. 
 
A list begins with an opening square bracket and ends with a 
closing square bracket, e.g. [0, 1, 2, 3] or ["red", 
"green", "blue"]. Values inside the list are referred to as 
items and are separated from each other using commas.  
 
Sometimes it is useful to 
visualise a list as a filing 
cabinet, where each drawer 
of the cabinet represents an 
item in the list. 
 
The simplest kind of list is 
an empty list. This consists 
of a set of square brackets 
with nothing in between, i.e. 
emptyList=[]. 
 
 

The string “Frank Lampey” is not a list, but it is easy to 
convert it into one as follows: 

myString = "Frank Lampey" 
print(myString) 
myStringList = list(myString) 
print(myStringList) 
 
As you can see, it is just like converting a string to an integer 
or float, only in this case we use the list() function.  
 
Here is the output: 

Frank Lampey 
['F', 'r', 'a', 'n', 'k', ' ', 'L', 'a', 
'm', 'p', 'e', 'y'] 

 
Note that, when printed in Python, a list is defined as having 
square brackets at the start and end, and a comma separating 
each item. It is very useful to print a list to examine its 
contents. However it may not be appropriate for users as it 
contains brackets and commas and this could be confusing to 
a non-programmer. 
 
In terms of variable type, myString is of variable type 
string but myStringList is of variable type list. Add the 
following lines to your code to show this: 

print(type(myString)) 
print(type(myStringList)) 
 
The output now includes these lines: 

<class 'str'> 
<class 'list'> 

 
Although we do not use type() very often, it is very useful 
to help us to understand the underlying types and how 
Python treats them. Also, a list can contain different types, 
such as a string and an integer, e.g. [“Faith”, 3].   
 
Indexing lists 
Although a string and a list are different variable types, items 
in lists are indexed in the same way as in strings. At this 
point, you might like to revise the topic of string indexing, 
discussed earlier in the chapter. 
 
Let’s continue the example above, using the list 
myStringList: 

myStringList = ['F', 'r', 'a','n', 'k', ' ', 'L', 'a', 'm', 'p', 'e', 'y'] 
 
The following table shows the index of each item in the list, 
and its value. 
 
 

 
 
 
 
 
 
 

 

1 

0 

2 
 

3 
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Index Value Item 

mystringList[0] 'F' 1 

mystringList[1] 'r' 2 

mystringList[2] 'a' 3 

mystringList[3] 'n' 4 

mystringList[4] 'k' 5 

mystringList[5] ' ' 6 

mystringList[6] 'L' 7 

mystringList[7] 'a' 8 

mystringList[8] 'm' 9 

mystringList[9] 'p' 10 

mystringList[10] 'e' 11 

mystringList[11] 'y' 12 

 

Using the table above,we can print out single items from the 
list, say item 2, 4 and 7 by adding the following: 

print(myStringList[1]) 
print(myStringList[3]) 
print(myStringList[6]) 
 
The output now includes these lines: 

r 
n 
L 

 
We can also refer to a section of a list, e.g. from item 3 to 
item 7, inclusive (just like with strings). Add this line to your 
code: 

print(myStringList[2:8]) 
 
Note that this returns a list. 
 
This line is now included in the output: 

['a', 'n', 'k', ' ', 'L'] 

 

Using in and not in operators with lists 

We have already come across the in operator with the 
range() function when we were using for loops. We can 
use in and not in to check whether an item is or is not in 
a list. For example, consider: 

If 'a' in ['t', 'e', 'a', 'c', 'u', 'p']: 
    print("It is in the list.") 
 

Note that the expression has a value to look for in a list, in 
this case 'a', and the list where it may be found. This type of 
expression will evaluate to a Boolean value. In the above 
case, it will evaluate to True. 
 
In the next example, 
the user types in the 
name of the make of a 
car and then the 
program checks to see 
whether the name is 
in a list of cars.  
 
Type the following lines: 

myCars = ['Fiat', 'Honda', 'Toyota', 'BMW'] 
print("Enter a make of car: ") 
carName = input() 
if carName not in myCars: 
    print("We do not stock", carName) 
else: 
    print("Yes, we stock", carName) 
 
In the first line of code, we are declaring the list, i.e. telling 
Python that the list exists and the items that it contains. 
 
If the user enters Ford, the if statement will evaluate to 
True, resulting in this output: 

Enter a make of car:  
Ford 
We do not stock Ford 

 
And if the user enters Fiat, the if statement will evaluate to 
False, giving this output: 

Enter a make of car:  
Fiat 
Yes, we stock Fiat 

 

Appending an item to a list 

Unlike strings, we can change individual items in a list using 
indexing. Lists are said to be mutable, i.e. individual items can 
be appended, removed or modified. 
 

 
 
 
 

Consider the list shown.  
 
We can declare the list and print it out as follows: 

myList = [1, 19, 27, 8, 5, 9] 
print(myList) 
 

1 
19 
27 
8 
5 
9 
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To add an extra item to the list, say 11, 
we use the append() function. Type the 
following: 

myList.append(11) 
 
Add this line to your program to print out 
the updated list: 

print(myList) 
 

1  1 
19 ® 19 
27  27 
8  8 
5  5 
9  9 
  11 

 

Here is the output: 

[1, 19, 27, 8, 5, 9] 
[1, 19, 27, 8, 5, 9, 11] 

 
Experiment by creating a new list and appending an item to 
it. 
 

Inserting an item into a list 

To insert an item into a list, we use the insert() function. 
 
Let’s use the list from the previous 
example again and insert the value 13 
into the second location on the list, i.e. 
between 1 and 19.  
 
Type these lines: 

myList = [1, 19, 27, 8, 5, 9] 
print(myList) 
 
We then add this line to make the insertion: 

myList.insert(1, 13) 
 
Note that the first argument in the brackets above gives the 
index of the inserted item and the second argument gives its 
value. 
 
Finish off by printing the updated list: 

print(myList) 
 
Here is the output: 

[1, 19, 27, 8, 5, 9] 
[1, 13, 19, 27, 8, 5, 9] 

 
Create a list of your own and experiment by inserting items 
into it in different locations. 
 
 

 

 

 

Removing an item from a list 

We use the remove() function to 
remove an item from a list, for example: 

myList = [1, 19, 27, 8, 5, 9] 
print(myList) 
 
To remove the last item from the list, add 
this code: 

1  1 
19 ® 19 
27  27 
8  8 
5  5 
9   
    

 
myList.remove(myList[-1]) 
 
Finish off by printing the updated list: 

print(myList) 
 
Here is the output: 

[1, 19, 27, 8, 5, 9] 
[1, 19, 27, 8, 5] 

 
Experiment by creating a new list and removing various 
items from it. 
 

Finding the location of an item in a list 

Let’s return to our original list and find out the 
location of the value 27. We can do this using the 
index() function. Type these lines: 

myList = [1, 19, 27, 8, 5, 9] 
print(myList.index(27)) 
 
Here is the output: 

2 
 
Experiment by appending 27 to the list. It now appears in 
two locations. What happens when you use index() to 
find the location of 27? 
 
The output is the same as before. Python only finds the 
location of the first item. We saw something similar occur 
with strings earlier in the chapter. How can we find a way 
around this? 
 
Locating items that occur more than once 
In the list shown, we can find out the number of times 
that the number 27 occurs and the location of each 
one by using a while or a for loop. 
 
Try the following: 

myList = [27, 33, 9, 27, 8, 5, 27] 
numSought = 27 

27 
33 
9 
27 
8 
5 
27 
 

 
 

1  1 
19 ® 13 
27  19 
8  27 
5  8 
9  5 
  9 

1 
19 
27 
8 
5 
9 
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The value of the item sought, 27, is assigned to the variable 
numSought. Add the following lines: 

freqNum = 0 
counter = 0 
 
We will use freqNum to record each occurrence of 27 and 
counter to control the number of times the while loop 
is executed. Both of these variables are initialised above. 
 
Type the following lines for the while loop: 

while counter < len(myList): 
    if myList[counter] == numSought: 
        freqNum+=1 
        print("Found at index: ",counter) 
    counter+=1 
 
Note that freqNum is only incremented if 27 is found but 
counter is incremented each time until its value is equal to 
the number of items in the list len(myList). 
 
Finish off by adding the following to display the number of 
times that 27 appears in the list: 

print(numSought,"found", 
freqNum,"times.") 
 
Here is the output: 

Found at index:  0 
Found at index:  3 
Found at index:  6 
27 found 3 times. 

 
Keep note of this useful piece of code. You will need it in 
Chapter 3 for ALT2 (Applied Learning Task 2), which 
requires you to find the frequency of a number in a list. 
Repeat the exercise using a for loop. 
 

Modifying items in a list using a while loop 

In a similar way to the previous example, we can use a 
while loop to check that no item in a list has a value of less 
than 0 and if it has, to set it to 0. Try: 

myList = [1, -19, 27, 8, -5, 9] 
print(myList) 
counter = 0 
while counter < len(myList): 
    if myList[counter] < 0: 
        myList[counter] = 0 
    counter+=1 
print(myList) 
 
Note that we are modifying each item that is less than 0 
directly, using its index.  
 

Here is the output: 

[1, -19, 27, 8, -5, 9] 
[1, 0, 27, 8, 0, 9] 

 
Removing negative numbers in this way is an example of data 
pre-processing and will be covered further in Chapter 3. 
 

Using for loops with lists 

There are many ways to use for loops with lists. One of the 
simplest is to print out each item in the list separately. Type 
these lines: 

myList = [1, -19, 27, 8, -5, 9] 
print(myList) 
for item in myList: 
    print(item) 
 
Here is the output: 

[1, -19, 27, 8, -5, 9] 
1 
-19 
27 
8 
-5 
9 

 
Note the different outputs from the first print() function 
and the print() function in the for loop. The for loop 
repeats the code block for each item in the list. You may 
remember from earlier in the chapter that print() 
defaults to adding a new line each time the function is used. 
 
Modifying lists with a for loop – beware!! 
We have already successfully used a while loop to check 
that no value in a list is less than 0 and if it is, to set it to 0.  
 
Now, let’s try to do this using a for loop. Try: 

myList = [1, -19, 27, 8, -5, 9] 
print(myList) 
for item in myList: 
    if item < 0: 
        item = 0 
print(myList) 
 
Here is the output: 

[1, -19, 27, 8, -5, 9] 
[1, -19, 27, 8, -5, 9] 

 
But this is not what we want! We wanted to replace any 
value less than 0 with 0.  
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Our mistake was to use the variable item for each item in 
the list and then again inside the loop. When used inside the 
loop, Python regards it as a local variable. If it is modified, the 
original list is not – another example of a bug. 
 
To modify a list item using a for loop, we must go to the 
list and modify the item directly using its index. Look back at 
how we did this using the while loop. 
 
Here is the correct way to do it using a for loop: 

myList = [1, -19, 27, 8, -5, 9] 
print(myList) 
for counter in range(len(myList)): 
    if myList[counter] < 0: 
        myList[counter] = 0 
print(myList) 
 
Here is the output: 

[1, -19, 27, 8, -5, 9] 
[1, 0, 27, 8, 0, 9] 

 
This time it is correct. 
 
List concatenation and replication 

List concatenation and replication work in a similar way to 
strings. To concatenate two lists, type the following: 

flowerList = ["Buttercup","Daisy", "Rose"] 
treeList = ["Oak", "Beech", "Yew", "Hazel"] 
newList = flowerList+treeList 
print(newList) 
 
Here is the output: 

['Buttercup', 'Daisy', 'Rose', 'Oak', 
'Beech', 'Yew', 'Hazel'] 

 

We can also use concatenation to extend an existing list as 
follows: 

firstList = ["a", "p", "n"] 
secondList=["O", "h", "Y", "z"] 
firstList=firstList+secondList 
print(firstList) 
 
Here is the output: 

['a', 'p', 'n', 'O', 'h', 'Y', 'z'] 
 
And to replicate a list, type these lines: 

flowerList = ["Buttercup", "Daisy", "Rose"] 
newList = flowerList*2 
 
 

Here is the output: 

['Buttercup', 'Daisy', 'Rose', 
'Buttercup', 'Daisy', 'Rose'] 

 
In Python, a list can contain a mixture of different variable 
types. Create some examples of these and experiment with 
using list concatenation and replication on the mixed lists. 
 

Entering items into a list 

In the following example, we will ask the user to enter the 
number of pets that they have.  

 

The user will then be prompted to enter the name of each 
pet. When all of the names have been entered, the program 
will print a list of the pets’ names. Try the following: 

petList = [] 
totalPets = int(input("How many pets do 
you have? ")) 
 
Note that we start by creating an empty list. This will be 
used to store each pet name after it has been entered. We 
use the variable totalPets to record how many pets the 
user has. We need to know this so that the prompt is 
displayed the correct number of times.  
 
Add this line: 

if totalPets > 0: 
     

We need this statement to take account of the possibility 
that the user has no pets. If this is the case, the above 
condition will evaluate to False and the program will 
display an appropriate statement about not having pets. 
 
However, if the user has a pet, the condition will evaluate to 
True and the following for loop will be used to prompt 
the user to input each pet name: 

    for pet in range(totalPets): 
         name = input("Enter pet’s name ") 
         petList.append(name) 
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Remember to indent the for loop. Note that we are using 
the append() function to add the name of each pet to the 
list each time the loop is run. 
 
Once all of the pet names have been entered, the for loop 
finishes and we move on, remembering to use indentation 
and to align correctly.  

    print("The names of your pets are:") 
    for pet in range(totalPets): 
        print(petList[pet]) 
else: 
    print("Why don't you get a pet?") 
 
The second for loop is used to print out each item in the 
list. Finally, the else statement is only executed if the user 
has no pets. 
 
Assuming the user has three pets, here is the output: 

How many pets do you have? 3 
Enter pet's name: Arya 
Enter pet's name: Mog 
Enter pet's name: Fluffy 
The names of your pets are: 
Arya 
Mog 
Fluffy 

 

Here is all of the code: 

petList = [] 
totalPets = int(input("How many pets do 
you have? ")) 
if totalPets > 0: 
    for pet in range(totalPets): 
        name = input("Enter pet’s name ") 
        petList.append(name)         
    print("The names of your pets are:") 
    for pet in range(totalPets): 
        print(petList[pet]) 
else: 
    print("Why don't you get a pet?") 
 
Note that as our code starts to grow, bugs and syntax errors 
may become more common. 
 

Test yourself  

1. In Python, what is a list? What is it used for? 

2. State a benefit of using lists instead of multiple 
variables. 

3. Give an example of how to write a list. 

4. What term is used to refer to the values inside a 
list? 

Test yourself  

5. How is the empty list written?  

6. What function can be used to convert a string to a 
list? 

7. Given myList=["c", "p", 22, "J"], write 
the index for the item "p". 

8. What operators can be used to check whether an 
item is or is not in a list? 

9. What do we mean by declaring a list? 

10. Lists are said to be mutable. What does this mean? 

11. Given myList=["c", "p", 22, "J"], write 
the code for appending an item with the value 99 to 
the list. 

12. In the code myList.insert(1, 13), to what 
does each argument refer? 

13. Write the code for declaring two lists and then 
concatenating them. 

14. Write the code for declaring a list and then 
replicating it four times.  

 

Tasks   

1. Write a Python program to take in 5 numbers and 
store them in a list. Separately, go through the list 
and add 1 to each item. Print out the list to test 
that each item has been incremented by 1. 

 

2. Stephen is an athletic nineteen-year-old who drinks 
a lot of milk.  

His father has noticed that the amount of milk 
consumed in the house depends on the number of 
hours that Stephen spends there.  

For each hour that he is at home, Stephen drinks an 
average of 0.5 litres of milk. For a 7-day period, the 
number of waking hours that Stephen spends at 
home is given by the list: 

 hours = [12, 7, 9, 9, 6, 8, 2] 

Write a program to 
input these hours into 
a list. Then calculate 
how many litres of 
milk Stephen drinks in 
total during this 7-day 
period.  

If his father asks him to pay for his own milk at a 
cost of €1.35 per litre, calculate how much money 
Stephen must give his father at the end of the 7 
days.  

Display appropriate prompts and output messages. 



Page 35     Draft: Chapter 1 Computer Science for Leaving Certificate    Ó Brett A. Becker & Keith Quille    Golden Key 2020 

Tasks   

3. Using a rain gauge, you have 
collected and recorded the 
rainfall amount (in cm), for 
each day in a week.  

Write a Python program to 
allow the user to input these 
measurements into a list (7 
days). The program should 
then calculate and output the 
total rainfall for the week and the average rainfall.  

In a separate loop, if on any day the rainfall 
exceeded 3.5 cm, a message indicating this should 
be output to the user. 

 

4. You are required to design and code a program to 
analyse the performance of the salespeople of a 
shoe shop.  

 

 For each salesperson, their name and value of their 
sales (in euro) are entered through the keyboard.  

When all the salespeople have been entered, the 
program is required to report the following pieces 
of information: 

• The name of the salesperson and the value of 
their sales.  

• The total value of the sales made by all the 
salespeople. 

• The maximum sales amount by any one 
salesperson. 

• The minimum sales amount by any one 
salesperson. 

• The average sales amount per salesperson. 

The user should be prompted to enter the number 
of salespeople at the start of the program. 

Hint: Use two different lists, one for the names and 
one for the sales. 

As a first attempt, you may ignore the requirement 
to read in the salesperson’s name. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

 
 
 


