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Abstract: This paper supports the ‘Programming for Testers. It’s Easy.’ workshop.
With the advent of agile approaches to development testers are facing ever
increasing pressure to take a more active part in development, including learning to
read code, and sometimes even coding themselves.
The main stumbling block to the tester actually learning to code is usually getting
started. There is no doubt in our minds that testers can be perfectly good coders.
We believe that testing is a comparable discipline.
That said, the workshop is not about the argument of whether testers should code.
It is an attempt to show testers the next steps in learning to code, with the aim to
inspire those that want to.
What we mean by the next steps is going beyond print “Hello World”.
There are some great, free, and on-line, resources that get people going, but to begin
with they need that little bit of inspiration.
The workshop is a way for us to show testers how easy it actually is to get up and
running. Using open source tools and the Python programming language we move
beyond the simple print statement, and onto Sequence, Iteration and Decision.
What the paper can’t do is give a sense of the fun that is had in the workshop when
the attendees pull together the learning and actually write some code to control a
USB Robotic Arm.
We hope that reading this paper will inspire you to find out more. If you have been
inspired then follow the references, download the assets, and give it a go yourself.
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INTRODUCTION

Background
Back in 2012 the Raspberry Pi Foundation launched a
small, $35 computer, with the aim of getting kids to
program.
More can be found about the Raspberry Pi here
http://www.raspberrypi.org/ .
A number of attendees at the Software Testing
Retreat of September that year discussed the
Raspberry Pi computer and how it was being
promoted to get kids to learn programming, but
nowhere was it mentioned that kids should also learn
to test.
The discussion then came around to the point that if
the Raspberry Pi was being used to teach kids
programming, then maybe it could form the basis of
teaching testers how to program. If kids are doing it
then how hard can it actually be?
That led to the creation, by Graham and Phill, of the
workshop ‘Programming for Testers. It’s Easy!’. This
paper forms a companion piece to the workshop.
The Authors would like to thank the Retreat
attendees and friends and acknowledge their input.

So why should Testers learn to code?
There is an on-going debate in our industry about
whether Testers should have the ability to write
code.
We the authors (Graham and Phill) are both
experienced programmers who now test. As such, we
cannot tell you what it is like to be a Tester who
cannot code.
However, as testers who can code, we definitely
think it is advantageous for Testers to have coding
skills.

attendees to get ahead of the debate, do some
coding, and make up their own mind.
Do not worry - you will not become a Developer after
reading this paper or attended the workshop, even if
you want to become one. It would be like saying,
“I have learnt to speak English,
therefore I am now English!”

How easy is it to learn how to code?
It is not difficult to learn, however you do need to
take the first step and hopefully this paper and the
companion workshop will encourage you to do that.
Recently in the UK, there has been a lot of activity
around teaching kids to code, especially focussed
around the Raspberry Pi. Now if kids are successfully
doing it . . . . . .
In the workshop we take you through three simple
exercises and get you to write code. In this paper we
will detail those exercises in the hope that you can sit
down with a computer and try for yourself.
We also provide a list of quick start references that
we have found to be useful in Python programming
on the Raspberry Pi.
In the workshop we show you how to set-up a laptop
to start programming in Python. The workshop is
aimed at machines running Windows, the software is
also available for, and works on, machines with Apple
and Linux operating systems.
(In running several workshops we have had attendees
successfully participating using, Windows Laptop,
MAC, Linux laptop, Raspberry Pi, and an Android
mobile phone.)

All you need is a computer, the tools are all free. If
you use a Raspberry Pi, which costs significantly less
than a laptop or pc, then the tools are most likely to
already be installed as well.

We are not going to have the ‘Testers need to code’
debate here. The workshop is an opportunity for
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Workshop Design



Before being able to test, usually you need some
code to test (we realise that this statement could be
subject to a long debate – go with us on this).



The design for the workshop was the next step. Both
of us have written Python programs on the Raspberry
Pi (the name Pi being derived from Python), and with
the ease of programming in Python, we therefore
chose to use Python as the programming language
for the workshop, and the Raspberry Pi as the code
platform for the workshop. Other programming
languages are available, but Python is quick, easy to
learn, and open source, therefore free!
And we couldn’t pass up the challenge to run the
workshop on the Raspberry Pi either. Even though
you can quite happily run Python on other platforms,
such as Windows.
Within the framework of a conference or seminar
workshop there is only a short amount of time, about
2 hours, to get across your point, run exercises that
will give some value, and then leave the attendees
with a feeling of achievement, and in our case also
the inspiration to want to go on and do more, i.e.
actually continue on a programming adventure.
We agreed the following scope for the workshop:







How to get up and running with Python
Write the “Hello World” program
Then take the next steps into programming,
finding out how to write more complex
programs of;
o Sequence,
o Iteration,
o Decision.
Build a program to control a USB Robotic Arm
connected to a Raspberry Pi.
Provide Information and References to
enable the inspired to continue their
programming journey.





That once you begin to understand how to
write code, you can begin to understand how
errors creep into software.
That understanding the underlying code can
help testers by guiding them to functional
areas that may contain more errors, for
example at boundary values.
Show that an understanding of programming
will help you to understand the strengths and
limitations of computers.
And discover that programming can be fun!

The Raspberry Pi
A Raspberry Pi is not essential for this workshop. We
have mentioned the Raspberry Pi because both Phill
and I (Graham) each own a Raspberry Pi.
Although designed with the intention of teaching kids
to learn to code the Raspberry Pi is so much more
than the perceived ‘Child’s Toy’.
It is a fully functioning Linux computer, running on a 2
generations back smartphone processor, with an HD
Graphics chip.
It is a powerful little beast and can handle most
computing needs, although sometimes a little slowly.
For $35 it is an amazingly cheap way to experience
and explore the worlds of; Linux, open source
software, and prototyping.
Try it and surprise yourself!

We then designed the workshop to highlight the
following:


To help you gain a perspective and deeper
understanding of the ‘Testers need to code’
debate.
Version 1.0
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SETUP
Before we start working through the exercises we
need to set-up your computer.
We are using the Python scripting language and the
Geany IDE (Integrated Development Environment).
Our assumption is that most people have a windows
laptop so we have instructions for Windows first.
Separate instructions for Linux, Mac, and other
operating systems follow this section.

(A note about Python. We are going to use Python 2.
Python 3 is also available but has some changes to
some of the statements that we will be using. Do not
worry, this does not mean that your Python will be
out of date already! It won’t. For what we do in the
workshop it will make life easier. Once you are
familiar with programming in Python you can then
make the choice of which version to use.)
Download version 2.7.8 of Python from
https://www.python.org/downloads/ .
After virus or other checking of the file, Run the
downloaded file to install Python 2.7.8

In the workshops we spend roughly 20 minutes
getting the delegates to set-up their own laptops.

Step 2

Installing the software

Now we need to set the Windows Path variable so
that Windows System knows where Python has been
installed and can be run from.

The set-up instructions provided here assume that
you are running a Windows Laptop. Additional notes
are provided for MAC and Linux readers.

These are the instructions for a Windows 7 machine.
(Windows 8 is different but the headings that you are
looking for are the same.)

Windows
In a nutshell, we are going to install Python, set the
Windows Path variable, then Install the Geany IDE
(Integrated Development Environment).
Please note that if you have a company provided
laptop you may not be able to install any software,
download any executable code, or even use a USB
drive. Talk to your Support team and / or Developers
and find out what they use.
Please note that this is your computer, so please take
all the necessary precautions with software
downloaded over the internet. We will supply our
recommended links. Please note that a number of
other, less reputable sites, also source this software!










From START Control Panel > System
Select Advanced Systems Settings
Select Environment Variables
In the System variables box,
Scroll Down to Path
Edit
Add ‘;C:\python27’ to the end of the
line of path variables (NB. Don’t add the
Quotes!)
Hit OK, OK, OK

That should have set the Windows Path Variable.

Step 3
Test Python

Step 1
Install Python.
For this you will need to download Python from the
Python Software Foundation
https://www.python.org/about/ .

Version 1.0







From START
Select Control Panel > System
Select Accessories
Select Command Prompt
In the DOS box Type python
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sudo apt-get install geany

And you should see something like this.

Our experience from the workshops is that although
Geany is available as a standard package some of the
help files may not come as standard on other flavours
of Linux, and may have to be installed separately.
Type Exit to quit, or just close the DOS box.

(Geany is fully installed on the Raspberry Pi.)

(NB. The version of Python will be the latest that you
install.)

MAC
We have also had attendees use apple computers in
the workshops.

Step 4
Download and install Geany, an
open source lightweight
Integrated Development
Environment (or IDE) which can
support many languages, one of which being Python.
Geany can be downloaded from
http://www.geany.org/Download/Releases .
After virus or other checking of the file, Run the
downloaded file to install Geany.
NB. If you install Geany before installing Python you
will need to close and reopen Geany to pick up the
Windows Path that points to Python
To test that Geany is installed correctly:

Python comes installed as standard on MacOS. More
details can be found on the Python Download page:
https://www.python.org/download/
Geany is also available for MacOS. Details can be
found here:
http://www.geany.org/Download/ThirdPartyPackage
s#MacOSX

Android
One pioneer, in a very early workshop, ran the
exercises on an Android powered smartphone.

Open Geany
Click on the File Menu
Select New (with Template)
Select main.py

The attempt was mostly successful, although there
were a few issues with the Android character set and
entering all of the characters required.

You should create a file with a default Python
template.

We recommend that if you wish to work though the
exercises, that you use one of the other operating
systems.






Linux
Life is a lot easier for Linux users because you already
have Python on board.
We are also using Geany, a lightweight Integrated
Development Environment (IDE). It is a standard
package and on the Raspberry Pi we use:

Version 1.0

Additionally there was no IDE support.

(Our conclusion is that for you to get Python running
on Android you probably already have enough
python knowledge, and therefore what is contained
in this paper would be superfluous to you! Although
don’t let that stop you from trying )
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Background to the technology choices.

This paper and workshop cover the most simplest of
basics. You can make up your own mind later if you
are enthused.

In this paper and the workshop, we are going to
assume that as Testers you all know roughly what a
computer program is, and why we need them. You
are after all ‘testing’ them.

And Why Geany?

We are going to use Python, a popular, powerful and
more productive language for programming. To help
us write the code we are going to use the free IDE
Geany.

Python code can be written in a simple text editor,
however using an IDE such as Geany gives support for
syntax checking, indentation checking, and
compilation error checking.
Geany is a lightweight, low footprint, open source
(free) IDE, suitable for platforms like the Raspberry Pi
and it also runs on Windows and MacOS.

Yes, but why Python?
“Python is a widely used general-purpose, high-level
programming language. Its design philosophy
emphasizes code readability, and its syntax allows
programmers to express concepts in fewer lines of
code than would be possible in languages such as C.
The language provides constructs intended to enable
clear programs on both a small and large scale.” Wikipedia

Or as we would say, “It is fast, easy and free.” And it
works on Windows, Linux and MAC.
More detail.
Low-level languages are those understood by
computers, high-level languages (like Python) are
designed to be understood by humans. Compilers
convert high-level programs into low-level programs
(machine code). Compilers can be viewed as an
initial ‘test tool’.
The high-level language does not matter, but
understanding the data & control structures and
decision patterns does. The exercises covered by this
paper introduce you to data & control structures, and
decision patterns.
Even more detail.
Some of you might be wondering why we are not also
looking at Test Driven Development. Firstly the
amount of time a workshop allows limits us to only
showing some simple programming constructs.
If you are keen on programming then you may want
to choose which approach best suits you, TDD being
one option.
Version 1.0
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EXERCISES

Change

This section of the paper covers the exercises from
the workshop.

It is time to say a few words about change.

In the workshop, Phill and I type in the code, in
real-time on the big screen, and each exercise builds
up line by line as we go. This approach allows us to
explain each line in detail as it build up, and we have
the opportunity to solve any problems that are
experienced or answer any questions that arise,
whilst we are doing it.
Obviously reading through the paper you can’t ask
any questions of understanding, and you get to see
everything in one go. You can jump ahead a few lines
or pages, or you can skip entire sections. And
crucially, there isn’t anyone with you to answer any
questions you may have.
Bearing this in mind we have slightly modified the
approach so that for each exercise we will explain in
detail the objectives, and then show the complete
code for each example, so that you always have a
reference point, before then working through the
example in detail explaining line by line explaining
what is happening.
This approach should help you from getting lost or
confused, as you always have a handy reference to
what we are trying to achieve in the full code listing.
We encourage you to follow along on your computer
as you read the paper, getting as near a workshop
experience as is possible.

If you do get completely stuck take a break for a few
minutes, let the information marinate, and then try
again. It is amazing that just a short break can help
you to see things differently, which may help you
solve the problem.

Version 1.0

Learning is change and change can make us feel
uncomfortable. We begin to feel and express
emotions.
Our experience from the workshops is that the
change isn’t that difficult an encounter, and the buzz
of being able to write some python programs far
outweighs the discomfort that may be felt when
trying to write the first few lines of code, and
understand what is going on.
I (Graham) remember when I wrote my first
computer program, a long time ago now back in the
late 1970s. It was all very new. I didn’t really
understand why I was doing things, just that I had
been told that is what you had to do, and the results
took half a day to be returned to me.
The 10 line program was written on punch cards that
had to be fed into the computer by the operators,
read and then executed as a batch (background) job.
The output was later printed into listing paper and
then returned via the college internal post.
Fortunately everything is much easier today and
almost instantaneous. Your results will come straight
back to you on your screen.

And please don’t worry, you won’t stop being a tester
just because you wrote a few lines of Python code.

Have fun, challenge yourself, but most of all, enjoy
the experience.
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Exercise 1 – Sequence

Code Listing
1 #!/usr/bin/env python

We are now going to work through our first exercise.

2 #
3 # Exercise 1 Sequence

First we will explain what the objective of the
exercise is.

4 #

We have a complete listing of the code that we are
going to write.

6 print "Hello World"

And then we walk you through the program line by
line, section by section, explaining what each
component is doing.

Objective

5
7
8 # Multiply two numbers together
9
10 # Input first number
11 Number1 = input("Number One? ")
12 print "Number 1 is " + str(Number1)

The first of our exercises illustrates
sequence. One thing happening after
another. This is important for computer
programming to understand the
sequence in which the events that you
program happen.

13
14 # Input Second Number
15 Number2 = input( "\nNumber Two? ")
16 print “Number 2 is “ + str(Number2)
17
18 # Multiply the two numbers together
19 Number3 = Number1 * Number2

In the exercises we will use Python as a
Scripting Language. That means that the
Python interpreter reads the program
file one line at a time and then executes
it. It does not read ahead to understand
the entire program. It works with one line at a time.
Each line it reads and executes builds upon the
previous lines.
Our first example program demonstrates:









Shebang
#!
Comments
#
print
input
str
Mathematical operator
compiler
execution

Do not be put off by this long list. It is all new. This is
where the fun starts . . . . . . 
We are going to open up Geany, and type in a
program. We then Compile the code and finally
Execute, or Run, the program. You may make
mistakes. You will find bugs. You will fix them.
Version 1.0

20 print "\n" + str(Number1) + " * " +
str(Number2) + " = " + str(Number3)
Exercise 1

We have used the default Geany code colours for our
listings. We have also used the following conventions
for code listings:



Line numbers have been shown on the left
side of the page
Line Continuation. Where there is not
enough space in the column to show a long
line of code, which can be up to 80 chars, we
have used the convention of indenting a
continuation line by one space, and not
showing a line number.
In Line 20 above there are two lines shown.
All of this code is entered on one line in
Geany.

As you are working through this exercise it might be
helpful to print off the paper, or open it on another
screen / window.

September 2014
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The Interactive Part
In the workshops we explain the code line by line as
we enter it. In the paper we will also follow that
format. So let’s break down the code and understand
what it is doing.

Start the first exercise, and your first Python program
by creating a new file in Geany using the default
Python template (see step 4 in setup for instructions).
Now delete all but the first line.
You should be left with:
1 #!/usr/bin/env python

You should be left with one line of code in your
program as above. This line is called the Shebang
which is special type of comment.
The Shebang tells the system where the Python
environment is. Many Python programs do not use
this, and Python should work perfectly well without
it. We recommend always including it. It is good
practice, and you won’t get any environment variable
problems.
2 #
3 # Exercise 1 Sequence
4 #

The # (hash) symbol denotes a comment. Anything
on a line after the # symbol is ignored by the
interpreter.
Comments are good in a program. As long as they are
succinct and informative. This is documentation. It
aids understanding and helps with readability. It is
good practice to include comments explaining what
the code does.

You can also leave blank lines in Python to aid
readability. They will be ignored by the interpreter.
Type in the following:
5
6 print "Hello World"

print is a python command. It is also a reserved
word. Here we are printing a string, hence the text in
quotes. A string is a type of variable that can contain
alpha or numeric characters.
At this point we are going to compile
the file by clicking on the Compile
icon.
If we have an unsaved file we are asked to save the
file first. For Python always use the extension .py
Use a suitable name, e.g. Exercise1.py
You will see the compile output in a window at the
bottom of the screen and you should get the
message:
‘Compilation finished successfully’.
Geany isn’t fool proof like some commercial
compilers but it is a good sanity check.
If you have any errors then you will have to go back
and check your code to see where you have made a
mistake.
A tip. It is not necessarily the line on which the
compile has failed that contains the error, it may be a
few lines back.
If all has gone well you have a successful, or clean,
compile and can execute the code.

To execute the code click on the
Execute icon.

A couple of points to note. Geany colours the text
(code) according to what it thinks it is. This is where
the IDE is helping you. The default for comments is
Red. ( BTW that doesn’t mean they are bad! )
Version 1.0
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A terminal window pops up, python is automatically
invoked, and you will see the results of your program
displayed in the window.

In this case we input a numeric value so it is of type
Integer.
(In Python a variable type is not determined until is
set with a value.)
The input() command captures keyboard inputs,
which you will see on the screen, and is terminated
by Return.

If you have done everything right you see Hello
World printed on the screen. Pressing return will
close the window.
Congratulations. You have written your first Python
program.
Now let’s take the next steps.
Although this doesn’t seem very much for all of the
effort that we have put in so far, we have written
code in the IDE, and proven the environment.
Now let’s do something with our program. We are
going to write a program to multiply two numbers
together. We are going to input the numbers. The
program will then perform the calculation and display
the result.
Returning to our program we are now going to type
in the rest of the code.
Multiplying two numbers together
First we write our comments, or documentation.
Documentation helps others who may read our code
to, understand it, use it, or maintain it.

The input() command allows us to use a prompt
which will be displayed on the screen and tells us
which number we are inputting.
To check what number we have input we can print it
out.
12 print "Number 1 is " + str(Number1)

We can concatenate a number of outputs together
for the print command but the variables must all be
of the same type. If we want to use a string and a
number we have to convert one of the variables.
Here we convert the Number1 to a string using the
str() command. We add the two strings together
using + . Note we have used spaces inside the strings
so that there will be a gap between the outputs when
they are displayed.
Now we need to enter the second number that we
are going to multiply.
13
14 # Input Second Number
15 Number2 = input( "\nNumber Two? ")
16 print “Number 2 is “ + str(Number2)

7
8 # Multiply two numbers together

Number2 is the variable into which we will store the

second number that we enter.
Now we need to enter the first number.
10 # Input first number
11 Number1 = input("Number One? ")

Number1 is the name we have given to a variable in

which our input number is going to be stored. The
variable type is set when we assign a value to it.

Version 1.0

Notice that we have included a string “\n” in the
print statement. \n is used to throw a line and in this
case will print a blank line before we print the
prompt.
You can compile and execute (run) the program
(code) at this point. It won’t multiply the two
numbers together yet, but it will confirm that you
have got the code right and that the numbers are
entered and displayed correctly.
September 2014
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To multiply the two numbers together we enter the
following code.
17
18 # Multiply the two numbers together
19 Number3 = Number1 * Number2

The multiplication is achieved by making a new
variable Number3 equal to the product (*) of the first
two variables, Number1 and Number2.
(Please note that due to the limitations of the column on
the page here the text below has been wrapped. None of
the code we are using in these examples will need to be
wrapped across a line when entered in Geany.)
20 print "\n" + str(Number1) + " * " +
str(Number2) + " = " + str(Number3)

Finally we print out the result of our calculation. Be
careful with the print statement because we have
concatenated or joined several items together. It is
quite common to make mistakes when concatenating
(or joining) lots of information together in print
outputs.
Remember to put in the line throw and spaces to
make the output readable.

Now compile the code. If any
warning messages are displayed,
investigate and correct your
code. Re-compile and try again.

Once you have a clean compile we
can execute the code. If this all goes
smoothly you will get a new window
that still says “Hello World”, then
asks you to enter two numbers, and finally gives you
the result of the numbers multiplied together.

Recap
This exercise covers a lot of ground, and if it is your
first time programming in Python then there is a lot
to learn. This will all be useful in the later exercises
and by the end of the workshop the process of
compiling and executing code will become second
nature.
You should now be familiar with:









Shebang
#!
Comments
#
print
input
str
Mathematical operator
compiler
execution

And you may also have been lucky enough to make
some mistakes along the way. You might have
experienced some compile failures. Or even some
incorrect workings in the program.
In that case you will have had to work through your
code to find out where you went wrong, and then
make the changes. And rerun.
Making errors and fixing them is the fastest way to
learn how to program. So don’t worry if you have
been making mistakes, you have also been learning.

Hopefully this exercise has begun your Python
programming adventure enabling you to take the first
steps beyond print “Hello World”.

You now have a program that multiplies two inputted
numbers together and prints out the result.
If not then work back through the example and
debug - find and fix the errors in - your code.

Version 1.0
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Exercise 1 - Going Further
In the workshop we only have limited time but on
your own you may have more time to take the
exercises further.
We highly recommend doing so as it will help you to
gain confidence and will reinforce your
understanding.
If you are up for more:







Try entering different input values to see
what happens. (Negative numbers and Alpha
characters).
Try and break the code. “Testers Rule”
This is very simple code with no errorhandling built-in, and it is relatively simple to
break it by entering invalid values.
Try changing the programming by using
different mathematical operators to see what
happens.

Take a break
In the workshop, we take a short break after each
exercise, to allow the attendees to rest their grey
matter, where we give some examples of what it is
possible to do, with only a little programming effort.
Time-Lapse Photography
Using a Raspberry Pi, a Pi Camera and about 75 lines
of Python code, it is possible to create time-lapse
videos.
If the pictures are captured at 1920 * 1080 they can
later be stitched together at 25 (or 30) frames a
second to create an HD time-lapse movie.
This all sounds really difficult? Well it isn’t. In fact it is
quite simple to do, and all done with free software,
plus a little python programming.

Click to see video
Sunshine and Showers in Glorious 1080P HD.
If you can’t wait then fast forward to about 45 seconds and
watch the grey shower turn to blue sunshine!

Why not challenge yourself further . . . . . ?

Version 1.0
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Exercise 2 – Iteration

If you haven’t done so already, Save your file from
Exercise 1, and create a new file for Exercise 2. You
could call it Exercise2.py .

Objective

The first step is to edit the template supplied by
Geany and for this exercise just leave the Shebang.

In this exercise we will look at iteration (or
repetition), where a group of code is repeated until a
controlling condition is met.
We will code a loop, where statements are repeated
a number of times. We will also control the number
of times we repeat the statements.
This is the beginnings of computer programming
using logic. Don’t worry if you don’t immediately
understand what is going on. Once we create the
program and it runs it should become obvious what is
happening.
The ability to repeat lines of code is very powerful
and at the heart of many computer programs. If you
wrote code in sequence you would have to rewrite
the same code many times, making small variations.
By using a control loop, and variables that you can
manipulate, you save yourself from potentially having
to write a vast amount of code.
This is a way to make fast and efficient computer
programs that minimise their demand on machine
resources.

We are going to write a program that counts down to
zero from an input number. The countdown is
displayed on the screen.
This reuses the input and print statements that
we covered in the first exercise and also introduces
the concept of iteration.

Code Listing
The code that we are going to write for this exercise
is below:
1 #!/usr/bin/env python
2 #
3 # Exercise 2 Iteration
4 #
5 # This program counts down to zero
from an input number
6
7 # Input Loop Control
8 Loop = raw_input("Loop Start Point? ")
9 Loopi = int(Loop)
10
11 print "Loop Control is " + str(Loopi)
12
13 while Loopi > 0:

The Python program we are going to write
demonstrates:






While loop:
Indentation
Raw_Input
Converting Strings to Numbers
More Mathematical Operators

Version 1.0

14

print "Loopi " + str(Loopi)

15

Loopi -= 1

16 #

Loopi = Loopi - 1

17
18 print "Finished"
Exercise 2

(Note that the IDE Geany draws an outline
the repeated code in the while loop.)

September 2014
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Let’s get coding and start with some comments.
1 #!/usr/bin/env python
2 #
3 # Exercise 2 Iteration

Now we print Loopi so that we know what it
contains. We have to use the str() command to
convert Loopi because it is an integer and we have a
string in the output and both output types must be
the same.

4 #
5 # This program counts down to zero
from an input number
6

Now we need to input a number to control our loop.
In the first exercise we used the input() command.
When you were testing your program you may have
noticed that the input() command will accept
numbers or text. This is a problem if we want a
number. So here we will use the raw_input()
command which turns all input into a string.
So first the documentation to tell ourselves what we
are doing in the code.
6
7 # Input Loop Control

Now let’s input the number.

We could print Loop, but the variable we are actually
using to control the loop is Loopi, so it is more
informative to print out the value in Loopi.
Whenever I see a program print out some
information I ask myself whether that is useful to me
the user, or useful to the programmer who wrote the
code. The print statement is a great diagnostic tool,
and when you first write code it is well worth
inserting some diagnostic print statements to check
that the values you expect in your variables are
actually present.
And if your code isn’t doing what you think it should
then you can always go back and add some extra
diagnostic print statements to find out what is really
going on.
(As a tip, don’t delete your diagnostic print
statements until you are sure that your code is
working. Just comment # them out.)

8 Loop = raw_input("Loop Start Point? ")

We have created a variable Loop that receives our
input number as a string from raw_input().
The next step is to convert the string to a number.
We do that with the int() command. int being short
for integer.
9 Loopi = int(Loop)

You should take care when naming your variables. As
a programmer you quickly become used to following
house styles for naming conventions. Personally I
(Graham) like to add a suffix to denote the type of
variable I am using, so here I have suffixed Loop with
an i, giving Loopi. So now when I write a line of
code and use the Loopi variable I know that it
should contain an integer.

If you choose, you could Compile
and Execute your code now, to
ensure that you are correctly
inputting and converting the loop
control variable.

Now we come to the Iteration, or loop.
12
13 while Loopi > 0:
14

print "Loopi " + str(Loopi)

15

Loopi -= 1

Don’t start keying in yet. There is a lot in here and we
will break it down piece by piece.
You will see that the IDE Geany puts an Outline
around code that is grouped together.

10
11 print "Loop Control is " + str(Loopi)
Version 1.0

For our loop we are going to use a while statement.
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The format of the while command is as follows:
while expression : statements
The statements are shown indented on the lines
below the while statement.
while expression :
statements
Python mandates that all indentation in a block be
the same amount. For style we prefer 4 characters.
You will see examples of more or less. What is
important is that in each block the indentation is the
same.
Because the Python interpreter reads the code a line
at a time, the only way it knows that it has reached
the end of a block of code is by the end of the
indentation.
Helpfully Geany outlines the indentation for us.

the counter each time we would be in an endless
loop, and the program would continue for ever, or
until it is terminated!
We could have coded:
16 #

Loopi = Loopi - 1

A lot of programming languages use this construct so
you may be familiar with it. Python also supports this
format, however Python has a shortcut -= which
means subtract from.
17
18 print "Finished"

The end of the repeated code is signified by returning
to the previous indentation level.
Finally we print Finished to tell us that the program
has terminated successfully.

12
13 while Loopi > 0:

Following the while statement is our expression,
Loopi > 0 . This is then followed by a Colon :
which denotes the end of the while statement and
tells the Python Interpreter that statements follow.
In Geany, when we enter return after the colon the
next line is automatically indented.
(One of the most common compile errors is
forgetting to input the Colon.)
14

print "Loopi " + str(Loopi)

All of the code that we wish to be repeated, i.e. in the
loop, needs to be indented by the same amount.
Python is very strict about that.
We can now enter the print statement, indented
under the while.
15

Loopi -= 1

This is followed by a line of code which decrements
(subtracts from) the counter. Here we are
subtracting 1 form the counter Loopi each time we
go around the loop. If we did not subtract 1 from
Version 1.0

Compile your code. Debug and resolve any errors,
then Execute the code and see what happens.
(It is worth saying at this point that one of the main
causes of errors that we find as testers is incorrectly
coded loops. This is a very simple loop and you may
think it is hard to go wrong, but it is very easy to
make a mistake and have your program run for ever.
‘Crtl + C’ will sort that out. If you do find your
program not working properly don’t forget that you
can introduce some diagnostic print statements
to find out what is actually going on.)
Note that the object (or requirement) of this program
is to count down to zero from an entered number.
What is wrong with the printed output? As an
observant Tester you may have noticed that zero is
not actually printed. Can you see how easy it is to
miss out a single character that changes the desired
effect of a program?
The program as it stands only checks to see if the
Loopi variable value is greater than zero. Change it
so that it checks if Loopi value is greater than or
equal to zero. This will mean that the zero value will
also be printed out.
13 while Loopi >= 0:
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Exercise 2 - Going Further

Take a break

We have begun to see the
real power of computer
programs. With only a few
lines of code we can
actually get the computer
to do quite a lot of work.

It is hard work this programming stuff. Hopefully you
are still having fun? In the workshop we have a set
time period, but working through the paper you have
more time, to go at your own pace, to research the
references at the end of the paper, try the exercises
in more detail, and get more out of the learning.

Loops are very powerful.
They also need to be coded
with care, as it is easy to make mistakes, and these
can have quite dramatic consequences!

And you can also begin to have fun with your new
found Python programming knowledge.

Used with care, iterations in your code can become
quite complex and you may need to use tools to help
you understand what is going on. The simplest tool
available to you is a flowchart, which will help you
understand the logic of the code that you are
designing and writing.

Both Phill and I have
been using the
Raspberry Pi to great
effect. Maplin in the UK
sell a USB Robotic Arm
for £35. It comes with
windows software and a
program to control it.

To go further with this example:



Try changing the program to count upwards
to a given number.
Along with asking for the loop stop point, the
program will also need to know where to
start the loop from. (You will need to define
the start point of the loop as zero.)

If you get stuck with this here is our solution:
7 # Input Loop Control
8 Stop = raw_input("Loop Stop Point? ")
9 Stopi = int(Stop)
10 print "Loop Stop Point is " +
str(Stopi)
11
12 Loopi = 0
13
14 while Loopi <= Stopi:
15

print "Loopi " + str(Loopi)

16

Loopi += 1

Version 1.0

Click to see video

But at that price it
wasn’t long before
someone worked out
the USB control codes
and got the USB
Robotic Arm working
from the Raspberry Pi,
controlled by a simple Python program.
The RasPi is a Linux computer and therefore has
drivers for most popular Bluetooth dongles. Why
wouldn’t it?
If you didn’t know the Wii Mote (Wii Game
Controller) is a Bluetooth device.
Here is the fun part. With a Bluetooth dongle
your Raspberry Pi can connect to the Wii
Mote. With a bit of Python code that some
clever people worked out, you can also
control your USB Robotic Arm using a Wii
Mote.
How cool is that? At this point in the workshop we
take a few minutes to find out 
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Exercise 3 – Decisions

Code Listing
1 #!/usr/bin/env python

Objective

2 #

When people talk about computer programs they talk
about logic. The ability of the program to decide
which code to execute. This is sometimes called
Conditional programming.
A branch is created in the
code dependent upon a
condition. And specific
code is then executed.
In Python this is achieved
using the if, elif, and
else constructs.
For our third exercise we are going to write a Python
program that demonstrates:







if
elif
(meaning else if)
else
Cut and Paste Coding
Comparisons
More Mathematical Operators

Save your program from exercise 2 and start a new
one for exercise 3. You should be getting the hang of
this by now.
The program we are going to write compares two
inputted numbers and reports which number is
higher. The full code is show in the right hand
column.
Our programs are getting longer. We have started to
use less comments and white space. Still enough
though for us to still understand what the code is
doing and make it readable.

3 # Exercise 3 Decisions
4 #
5 # This program compares two inputted
Numbers and reports which is higher
6 #
7
8 # Input Numbers
9 Num1 = raw_input("First Number? ")
10 Num1i = int(Num1)
11
12 Num2 = raw_input("Second Number? ")
13 Num2i = int(Num2)
14
15 # Comparison
16 if Num1i > Num2i :
17

print "Number One " + str(Num1i)+
" is greater than Number Two " +
str(Num2i)

18
19 elif Num1i < Num2i :
20

print "Number One " + str(Num1i) +
" is less than Number Two " +
str(Num2i)

21
22 else :
23

print "Number Two " + str(Num2i) +
" is equal to Number One " +
str(Num1i)

Exercise 3

You can begin to see some structure appearing in the
code. And notice how a lot if it looks similar.
(Remember that in these examples we have used the
convention of indenting code by one space to show a
continuation from the line above. In the code shown here
the print statements cover 3 lines, whereas in Geany you
will enter the whole print statement on one single line.)
Version 1.0
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So let’s write the program. First step is the
identification information.
1 #!/usr/bin/env python

If you start to get spurious results when you run your
program, this is the first place to look for errors.
The format of the if, elif, else construct is:

2 #

if expression : statement1

3 # Exercise 3 Decisions

elif expression : statement2

4 #
5 # This program compares two inputted

else : statement3

Numbers and reports which is higher

We have now input the two numbers so let’s start
with the comparison.

6 #

Now to input the numbers.

There are only three options here. That the first
number is:

7





8 # Input Numbers
9 Num1 = raw_input("First Number? ")
10 Num1i = int(Num1)

Greater than the second
Less than the second
Or equal to the second

We are again using the raw_input command and
int() to convert the input string.

First we will check if number 1 is greater than
number 2.

See the way that the variable Num1 is written inside
the brackets.

15 # Comparison

We are inputting two numbers so have carefully
chosen the variable names, Num1 & Num1i, and
Num2 and Num2i.
11
12 Num2 = raw_input("Second Number? ")
13 Num2i = int(Num2)

You will notice that the code to input the second
number is very similar to the code to input the first
number. And you may have thought, all I need to do
is copy these lines of code and then amend them.
So copy the two lines used to input Num1, and paste
them in below, then change the ‘1’ to a ‘2’. Note
that you need to do thus once on the first line, and
twice on the second line. Three changes in all.
This is called ‘Cut and Paste’ coding. It is a very fast
way to work, however . . . . it is a very easy way to
introduce errors into the code. So if you use
‘Cut and Paste’ coding be careful that you actually
make all of the required changes to each block of
code that you paste in.
Version 1.0

16 if Num1i > Num2i :

We start with the if statement.
Follow that with an expression, in this case asking
whether Number 1 is greater than Number 2.
Don’t forget to use the : to signify the end of the
expression and the beginning of the following
statements.
17

print "Number One " + str(Num1i)+
" is greater than Number Two " +
str(Num2i)

All of the statements that we wish to be executed
when the expression is true are indented underneath
the if statement.
We can have many lines of code under an if
statement. As long as they are all indented to
the same level they will be executed together.
Geany shows this by using an outline indicator.
If number 1 is greater than number 2 we will print
out the result.
September 2014
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This print statement is quite complex so take a
moment to understand it. We are concatenating a
number of items together.
Because all of the print output must be of the same
variable type, and we are using text strings, we have
to convert the numbers (in this case integers) to
strings as well. To join everything together we use
the mathematical operator ‘+’ (add).
(Remember all of this is written on one line in Geany.)

Because there are still more logical possibilities to
check for, we could code another if statement,
directly below the print statement, still indented
under the first if statement. However Python has the
elif command which does the same thing without
excessive indentation.
Now we use the elif construct. To ask ‘else if’.
18
19 elif Num1i < Num2i :
0

(We have added spacing and a few extra line throws to tidy
up the display.)

This is a very simple example. It is common for
programs to have far more complex logic than this, so
we recommend thinking carefully about the design of
your program logic before you start coding.

We are now going to ask if number 1 is less than
number 2. And there is no prize for guessing that we
use the less than < operator in our expression.
20

print "Number One " + str(Num1i) +
" is less than Number Two " +
str(Num2i)

And we print out the result that
We now only have one possibility left. That the two
numbers are equal. So we can use else.
21
22 else :

We don’t use an expression when we use else.
NB. It is a good programming technique to always
code the ‘null else’. And use something more helpful
than the “This never happens” error message,
because guess what . . .
23

print "Number Two " + str(Num2i) +
" is equal to Number One " +
str(Num1i)

And finally we can print the equals result.
If all that seemed like hard work, the result is actually
quite elegant.

Version 1.0

Flowcharts are a great way of quickly understanding
program logic. This is what our program looks like.
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Exercise 3 - Going Further

Take a break

To do more with this program try amending it to
compare whether the numbers are equal first.

Once you have developed the basics of python
programming you can begin to exploit that skill.

Python uses the operator == for comparisons.

The world is ever changing, the pace of change seems
only to increase, and it appears that computer
technology is the fastest paced of all change.

This can cause you a lot of confusion if you are used
to other languages.
In Python:
==

=

Used as a Comparator in an
expression
e.g. if X == Y
used to Set a variable to a value
e.g. Number = 3

Decisions in code are a very powerful tool, and at the
heart of understanding logic. Decisions have to be
designed and coded with care to avoid errors.
Most obvious of these is the ‘null else’. The path that
you thought could never be reached.
When coding decisions it can be difficult to work out
exactly which path though the logic your program is
taking. Two techniques help with this:




Dry Running
Sometimes known as desk checking, where
you manually work through your code and
establish what is happening line by line.
Diagnostics
Simply inserting Print statements in your
code to report which decision path has been
selected.

In the 1980s, with the advent of relatively cheap
microcomputers there was a mushrooming of people
learning to program, creating software games, tools,
and utilities.
There is pretty much another revolution going on
now in the ‘maker’ space. In comparison to the 1990s
we now have very powerful, fully functional
computers, for an amazingly low price. The Raspberry
Pi at $35 is a prime example.
Unlike your laptop though, it is very easy to get into
these devices and expand upon them, with only a few
wires. The Raspberry Pi Model B+ for example has a
40 pin expansion port.
Combine this cheap, powerful, and accessible
computer with readily available and also very cheap
electronics hardware, and there is fantastic potential.
Add in some basic soldering skills and people are
beginning to make simple devices. Hardware Apps, or
‘Happs’.
Combine that with 3D printing, which is becoming
cheaper by the day, and there is now a whole world
or makers out there building amazing devices.

(Remember to remove or comment these lines
out before release.)

Some IDEs have environments where you can walk
through your code line by line, check which path is
being taken, and what values variables are being set
to. Well worth considering if you do a lot of coding.

Version 1.0

Click to see video on
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Exercise 3.5
8 # Input Numbers
9 Num1 = raw_input("First Number? ")

In the longer workshops we actually get time to go
into more detail with the exercises. One of the extra
things we look at is validation.

10 Num1i = int(Num1)

Because these are the first few lines of Python code
that you have written we have focussed on showing
you simple statements that are easy to understand
and master.

13

Num2 = raw_input("Second Number? ")

14

if Num2.isdigit() :

At this point you may already have begun to realise
that our examples so far have not been production
ready, or ‘bullet-proof’. You will have found it quite
easy to break them, or to make them fail.
Of course, as computer users, and especially as
testers, our computer programs need to be more
robust than the simple ones we have written so far.

11
12 while True :

15

print "Numeric"

16

break

17

elif Num2 = “q” :

18

print "Program Terminated"

19

quit()

20
21

else :
print "Sting Input must be
numeric"

22 Num2i = int(Num2)
23
Exercise 3

What we need to do is introduce some validation.

We need to check our inputs, and make sure that
they are correct, before we start to use them.
This of course means more code. Often called
validation code.
From the last exercise we have rewritten the code to
show how much extra effort is required just to
validate one of the number inputs.
And you can quickly see that two lines of code used
to enter Number 1 have now become 10 lines of
code, to enter Number 2. This is the code required
just to check that we have entered a number when
we were expecting one.

It is still fun to do validation, and after-all, you get to
write even more code 

We are not going to do a detailed break-down of the
example above. We have just used this as an
illustration, but if you want to go further you could
amend your program from exercise 3 to ensure that
it caters for non-numeric input.
NB. If you get stuck remember to use the references
at the end of the paper to find out what the code
above is doing.

To write more robust programs you will find that you
have to write a lot more code. In the example above
5 times as much code.

Suddenly programming isn’t quite as easy as we have
made it seem. But it would be incorrect of us to
leave you with the impression that coding is so
simple and straightforward.
Version 1.0
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Exercise 4 The Robotic Arm

Of course we want the delegates to be successful so
we provide a requirement:
The arm has an eraser held in its jaws. You
have to write a program to move it from the
start position to the target area. Drop the
eraser. And finally report whether the eraser
hit the target or not.

And we also help with a program design expressed as
a flowchart.

In the workshop we have a USB robotic arm set-up
and connected to a Raspberry Pi. This is hard to
replicate in a paper so if you want to follow along
first you will have to buy a robotic arm – link in the
reference section.
Second, the arm although cheap comes as a selfassembly kit which requires a little patience to
construct. Try to avoid using glue as it can clog up in
the gear wheels!
Third, download the Python templates that we
provide – again see the references for the link.
Unless you already have a USB robotic arm this is
going to take you a week or so. When you get the
arm and have it built you may want to work through
exercises 1 to 3 again as refresher.

The Problem
With a pencil eraser placed in the jaws of the robotic
arm, we have to write a program which moves the
arm and then releases the eraser over a cup. Finally
the program reports whether we have hit the cup or
not.
To be successful you need to do nothing more than
pull together the learning from the first three
examples.

Version 1.0

Just to be sure we actually place an eraser in the jaws
of the arm, and check how many movements of the
shoulder and elbow are required.

Armed with that information, the brave can try with a
basic template, and because there is a lot to take in,
we also provide a hint template which matches to the
flowchart above.

September 2014

Page 22 of 27

Programming For Testers. It’s Easy!

Extract from Robotic Arm Hint Template

Above is an extract from the Hint template to control
the robotic arm.

If you get this far with the robotic arm exercise then
we have a few notes for you:










Do not worry about the complexity of the
program. It is doing a lot but we have clearly
documented what each line is doing.
Do not amend anything above line 24, apart
from the initial comments. That is because
there are a number of Python libraries that
are loaded in which are required.
We have only tried this on the Raspberry Pi.
We believe it will work on Linux but have not
tried it on Windows or MacOS.
Do not change any of the arm control
statements, otherwise the arm may not
respond.
You can change the time sleep delay to see
what happens.

Version 1.0

Don’t worry if at first it seems overwhelming. It isn’t
really that difficult. If you get stuck, check out the
reference to the Mag Pi magazine where we first
found the code listing to do this. Try and follow that
first, then gain some confidence with controlling the
arm and come back to the exercise.

And if you are thinking that it is way too much fun
programming a USB Robotic Arm then why stop there
......
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We hope that this has been a fun journey for you. It
definitely has been for both Phill and I (Graham).

Conclusions
Amazingly, in all of the workshops that Phill and I
have run to date, the group has always managed to
successfully drop the eraser into the cup!
This is fantastic achievement really considering that
in only a few hours it is possible to learn to write
enough Python code to then control a USB Robotic
Arm.

We are hopeful that as you have been reading this
paper you have been following along on a computer,
writing and executing your own Python code.
If you been successful then both Phill and I would be
interested to hear your story, and we also encourage
you to share it with others.
We also realise that not everyone is cut out to write
programs and maybe this has helped you find that
out. But even for those who don’t have an interest in
taking coding further it must have become clear
working through the exercises that an understanding
of how to code, however limited, can begin to be
helpful in the day job as a software tester.

Phill and I are not
teachers. In the
workshop we make that
very clear. All we are
doing is ‘showing’ the
attendees how to do
some Python coding.

If you want to take things further, sometimes the
hardest part is knowing where to start. Hopefully we
have helped you with that?
As with learning to program, it is really useful when
someone helps you with the second step. The same
applies when you want to start writing programs.
Unless there is some urgent need then it can be a
little hard to work out where to start.
In the summary we will discuss ways in which Python
programming can help you as a tester, but in the
meantime if you want some inspiration for a project
to do at home in your spare time to give you some
confidence, then here is a list of some programming
ideas:








Computer game
Time-lapse camera
Weather Station
Wheeled Robot
Automatic Door Bell
Learn to solder and build your own devices
etc., etc.

For a more comprehensive list of things to do head
on over to the Raspberry Pi foundation site and
check-out the blogs.
http://www.raspberrypi.org/blog/

And we both know that the real learning comes not
only from accruing knowledge, but also from making
mistakes, then solving the problems that arise.
If you have worked through the exercises it is
extremely unlikely that you have done so without
making any mistakes. In all probability there are a
still a few code errors in the exercises (although we
hope not because we have checked them very
thoroughly!)

Version 1.0
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SUMMARY
Of course programming isn’t really that easy. If it was
then why do we find so many bugs in the code that
we test? If it was, all code would be perfect!
Of course it is not easy. It has taken us 27 pages and
11,000 words just to explain three very simple Python
programs.
There is a myriad of complexity in programming that
would take many full size books to explain, let alone a
2 hour workshop and accompanying paper.
And there are many, many programming languages,
all of which are subtly different to each other.
Python is a great language to use, it is very easy to
get started, and as you progress you realise how
powerful the language can be. And we believe that it
is a great place to start.

There are so many things in Python that we haven’t
even touched on:










variable typing
file handling
procedures
different types of loops
creating executables
using libraries
linking more than one program together
making system calls
etc., etc.

What we hope to have done in a short space of time,
is shown you that it is actually quite easy to get going,
that steps 2, 3 and 4 are nowhere near as hard as
people think, and we really hope that we have
whetted your appetite to go further. You aren’t a
programmer yet, that journey will take a little longer,
but here is hoping that you decide to begin . . . . .

Version 1.0

Reinforcement
Once you have learnt something the best thing to
then do is reinforce that learning. We can only
encourage you to start a programming project,
whether that is for work, or even for personal use.
We have already given you plenty of fun examples
that you could do in your spare time, but how about
using your new found and burgeoning Python skills at
work. How about writing some Python programs to:






Create test data
Fuzz or desensitise data
Automate or simplify a manual processes
Check results
Do something boring that you would rather
not do?

An easy way to start is when you are sitting there at
your desk and think “If only I could . . . . . “.
Well now you can.

If you are having trouble getting started, why not go
and talk to some of your programmers. They won’t
bite and we are sure that they will be more than
willing to help you.

And if you really do get the bug, then yes, why not
invest some personal time in developing your Python
programming skills. There are so many projects that
you could take on.

The best way to get started is if you have a problem
that could be solved by writing some code.

Postscript
If this paper has been useful, has inspired you to start
programming, or encouraged you to build something
yourself, then please let us know, and can we also
encourage you to share your story with others 
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REFERENCES
In this section we have listed some references that we have found really useful with our own Python
programming projects:

Workshop Content

Visit http://www.badgerscroft.com and follow the Presentations Link
Here you can download the latest version of; the Workshop presentation, this
paper, and the Python code examples, including the Robotic Arm Templates.

Python

http://www.python.org/
A great place to start for all things Python
Everything you could possibly want to know about the Python programming
language, and where to download the various packages that are available.
Includes an introductory tutorial and a full manual.

Python Beginners Guides

https://wiki.python.org/moin/BeginnersGuide/NonProgrammers
https://wiki.python.org/moin/BeginnersGuide/Programmers
Useful beginners guides to Python for non-programmers and programmers. A
list of really helpful tutorials and references for those of you new to
programming, and those just new to the Python programming language.

Python Basics

http://www.astro.ufl.edu/~warner/prog/python.html
A very helpful Python cheat sheet covering the syntax and formatting of the
majority of Python features.
(Akin to the programming reference guides that used to be around in the
1980s. Really useful to have printed out.)

Python tutorials

http://www.tutorialspoint.com/python/index.htm
A vast amount of reference material aimed at programmers new to Python, but
also useful for beginners.
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Programming Tutorials

http://www.codecademy.com/
Highly regarded on-line tutorials for Python and other programming languages.
If we have whetted your appetite then this is a great place to start.

Raspberry Pi Foundation

http://www.raspberrypi.org/
Start here for all things Raspberry Pi. In their blog they regularly feature weird
and wonderful uses of a Raspberry Pi computer, from sending teddy bears into
space, to monitoring the temperature of home-brewed beer.

The MagPi

http://www.themagpi.com/
A free on-line magazine with loads of helpful Raspberry Pi stuff, and plenty of
code including Python, to key-in and try out yourself.
(NB. This is where Phill first found out about the USB Robotic Arm – In Issue 3)

USB Robotic Arm

http://www.maplin.co.uk/p/robotic-arm-kit-with-usb-pc-interface-a37jn
Often available at a ‘sale’ price, purchase your own Robotic Arm to continue
your programming journey.
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