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Picture This
Pick up any computer or smart gadget 

and you’ll find small, colourful 
pictures on the screen. These icons 

tell you which app is which. You can 
touch them or click on them to open the 
app. It’s quick and easy, but it wasn’t 
always like that.

Up until the 1980s if you 
wanted to run a program 
you had to type a written 
command to tell the 
computer what to do. It was 
slow and hard. You had to 
remember all the different 
commands. Only people 
who felt quite confident with 
computers were able to play 
with them. 

Computer scientists wanted 
everyone to be able to join 
in (they wanted to sell more 
computers too!) so they 
created a picture-based 
way for people to tell their 
computers what to do. It’s 
called a Graphical User 
Interface or GUI.

Artist Susan Kare, designed 
some very simple pictures - 
the icons - that would make 
using computers easier. If 
people wanted to delete a 
file they would drag it to 
an icon with her drawing 
of a little dustbin. If people 
wanted to edit a letter they 
were writing they could 
click on the icon showing 
a pair of scissors to cut out 
a bit of text. She designed 
them on squared paper. 
Each square represented a 
pixel, a coloured dot, on the 
screen. Over the years the 
pictures have become more 
complicated (and sometimes 
more confusing) but in the 
early days they were both 
simple and clear thanks to 
Susan’s skill.



Lots more Computing fun at: abitofcs4fn.org 3

Pick some icons and make 

a ‘guess what it does’ quiz.

Fun to do: 
Icon guess what

Try colour-by-number pixel puzzles.

Download them from abitofcs4fn.org/

puzzles/colour-by-number-puzzles/

Fun to do: 
Pixel Puzzles

Invent your own icons or pixel 

puzzles. What pixel drawing 

would you use for a “Milk Shake”? 

Can you make an icon to represent 

yourself - a picture of something 

you like, perhaps. Plan your icons 

out on squared paper or by filling 

in the boxes in a spreadsheet.

Fun to do: 

Create your own
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Superhero
Powers 
Iron Man Suits for Real

Some superheroes and supervillains get bitten by 
radioactive animals to gain superpowers. Others have 
no superpowers at all. Instead they use engineering 
know-how. From Spider-Man’s robot-arm foe Dr Octopus 

to Tony Stark’s Iron Man, it’s their engineered suits that 
make them super...and they aren’t all fiction. Researchers are 
building suits that have powers like Iron Man’s suit. They have 
helped paralysed people walk again.

Engineers call Iron Man’s suit 
a powered exoskeleton. 
It is like a wearable robot. 
The robot suit senses every 
tiny movement of the wearer. 
It then instantly copies or 
magnifies the movement. To 
do so needs fast computers. 
With slow computing the 
superhero would feel like 
they were wading through 
thick mud. Not a good idea 
when you’re trying to save 
the world. 

Muscling in (a suit)
Humans move by using 
their muscles in pairs. For 
example, in your upper 
arm you have biceps and 
triceps which work together. 
Shortening your biceps 
muscle brings your lower 
arm up. Shortening your 
triceps pulls your lower arm 
back down. It’s a clever way 
to control movement. One 
kind of muscle does both 
jobs. In an exoskeleton the 
things that do the moving 
are called actuators. These 
are usually motors and they 
take the place of muscles. 
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The robot suit has to copy 
the movements of the person 
inside. As the human bends 
their arm to lift up an object, 
sensors in the suit measure 
the forces the person used, 
and the computer calculates 
how to move its ‘muscles’.

I knew you were 
going to do that
The sensors take thousands 
of readings every second 
from arms, legs, back, 
and so on. For example, 
when you lift a weight the 
computer calculates what 
all the exoskeleton ‘muscles’ 
need to do to mirror your 
movements. Then the robot 
arm moves the weight before 
you make any real effort 
(so you get no strain but a 
lot of gain!) The robot does 
the work and you just move 
naturally inside the frame.

What could you  
use that for?
Possible uses of 
exoskeletons include 
helping people who have 
problems moving about to 
walk and helping nurses 
lift patients in and out 
of bed. They are used 
by expert doctors to do 
operations when they 
are in a different place 
from the patient, by 
rescue workers working 
in dangerous situations 
and to help astronauts 
exercise in space.

Did you know?
The word exoskeleton comes from animals 
that have a skeleton outside their body 
rather than inside like us. Shells are one 
kind of exoskeleton. Insects like beetles have 
exoskeletons. So do crabs, scorpions, snails 
and clams. Tortoises have both an internal 
skeleton and an exoskeleton. The difference 
to the ones humans make is our robot 
exoskeletons are powered, and controlled  
by computers.

What other animals have exoskeletons?

Who can you design an 

exoskeleton for? A firefighter,  

a gymnast, a person with arthritis? 

What kinds of sensors might they 

have as well as actuators  

to improve the suit?

Fun to do: 

Create your own

Exoskeletons are helping 
people who are paralysed 
to walk again, and allowing 
people to carry heavy 
loads. Flying like Iron Man  
is still a bit tricky though.
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Sorry to
BUG you

The programs for those 
early computers all had to 
be written using their own 
machine instructions. 
Programming in these basic 
instructions is like giving 
someone directions to the 
station, but by telling them 
exactly where to put their 
foot for every step. Worse 
still, a program written for 
one computer wouldn’t work 
for another.

Have an idea!
Grace’s idea was that you 
could write programs using 
English words where each 
command stood for lots of 
machine instructions – like 
only saying when to turn, 
in those directions to the 
station, rather than giving 
every step. We call a 
language like this a high-
level programming 
language. Most programs 
are now written in high level 
languages.

Programs don’t always do what they are supposed to.  
A mistake in a program is called a bug. The first 
computer bug really was a minibeast. It was a moth 
found trapped in an early computer. Grace Hopper,  

one of the very first programmers, told everyone about the 
‘bug’. This made sure that everyone used the word bug from 
then on. Grace Hopper is famous for more than just the word 
‘bug’, though. She had a brilliant idea that helps programmers 
avoid bugs.

What’s that?
A high-level language is 
a language that lots of 
computers can use. 

High level languages are 
easier for programmers  
to understand.

Her ideas made 
programming  
much easier.



Make it work
Grace didn’t just have the 
idea, she made it work too. 
She designed a high-level 
language. She also needed 
a way to convert a program 
written in her language into 
those machine instructions so 
the computer could follow 
them. Grace had the answer 
for that too – a compiler. 
A compiler is just another 
computer program, but 
one that translates written 
programs into machine 
instructions. Grace wrote  
the first ever compiler.

She also realised that if 
she wrote a compiler for 
different machines, her 
programs would then work 
on any machine. These ideas 
led to the first widely used 
programming language, 
called COBOL, and Grace 
wrote the compiler for that 
too.
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If you have written any 

programs yourself, make 

a list of the bugs you have 

found when debugging 

them. Are there some bugs 

that you often see? Can you 

make some buggy code for 

a friend to debug?

Fun to do: 

List bugs, plant bugs

Fewer bugs
Her ideas made 
programming much easier, 
making bugs less likely. 
Really big programs were 
now possible and once 
written could be used on  
lots of different machines. 
The computing revolution 
was up and running!



Origami is the Japanese art of paper folding, creating 
shapes like animals just by folding paper. Origami 
instructions have a lot in common with computer programs. 

They are sequences of instructions that must be followed exactly 
and in the right order. 
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Crafty Computing

Origamists (people who 
do origami) follow origami 
instructions. Computers 
also follow instructions - 
ones given in programs. 
Instructions that must be 
followed, whether by a 
computer or a human, 
have to be very clear and 
precise. English and other 
human languages aren’t 
very good for this. It is too 
easy to misunderstand what 
you are actually meant to 
do. Both origami instructions 
and programs are therefore 
written in special languages.

The symbols used in origami 
diagrams are agreed world-
wide so that any origamist 
can follow them. For 
example, a looping arrow 
at the side of a diagram 
means turn the whole piece 
of paper over. A dashed 
line means create a ‘valley 
fold’ along the line. That 
means fold the paper up 

into a mountain valley 
shape (see the diagram) 
before flattening the two 
parts together. Arrows 
show where the paper is 
to be folded to. Having 
symbols that mean precise, 
agreed things also means 
that an origami design can 
be created by anyone, 
whatever language they 
actually speak: Japanese, 
English, Arabic …

Computers follow
instructions too
Programming languages solve 
the same problems. Different 
kinds of computer have their 
own basic set of instructions - 
their own machine language. 
That is the language they can 
actually follow. Programs 
are written in ‘high-
level’ programming 
languages. They are 
languages halfway between 
human languages and 

computer languages (see 
Sorry to Bug You, page 
6). They use words and 
symbols like ‘=’ or ‘IF’ that 
have special meanings in the 
language just as Origami 
symbols have special 
meanings.

Origami

An example valley 
fold instruction
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Can you follow the sequence of steps exactly and make this 
Origami Rabbit? You start with a square sheet of paper.

STEP 1

STEP 2 STEP 5 STEP 7: Draw on a face

STEP 6

Fun to do: 

Make your own language

When you are next making something crafty, say 

a birthday card for a friend or a cake for a cake 

sale, notice the steps you follow. Can you write 

instructions for someone else to make the same 

thing? Can you make a shorthand set of words 

and symbols that your friends could use?

STEP 3

STEP 4
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Frequency analysis was 
invented by Al-Kindi as a 
way of cracking codes. Al-
Kindi was a wise teacher, 
a scholar, who lived 
thousands of years ago. 
To do frequency analysis 
you take lots of normal 
writing and count how often 

Spies like us!

Traitor!
Queen Elizabeth I caught 
her cousin Mary Queen 
of Scots plotting against 
her. How? Her spymaster 
Walsingham read the 
coded letters that Mary had 
written. He used frequency 
analysis. As a result Mary 
was convicted of treason 
and executed.

Elementary!
Sherlock Holmes, of course, 
was a master of frequency 
analysis. In the 1903 story 
“The Adventure of the 
Dancing Men” he uses it 
to solve a case. Sir Arthur 
Conan Doyle who wrote 
Sherlock Holmes wasn’t 
the first author to use it in a 
story. American writer Edgar 
Allan Poe based a short 
story on frequency analysis 
in 1843. Poe had set a 
challenge in a magazine 
for people to send in secret 

Counting Letters for Fun!

How do you crack secret codes? One of the oldest 
algorithms is called frequency analysis. It was invented 
in the 9th century by a Muslim scholar. It led to the 

execution of a Queen, has played an important part in 
detective stories, and also had a role in the design of the  
game of Scrabble.

each letter appears - the 
frequency of the letters. 
For example, in English, E 
is the most common letter. 
Work out how common 
each letter is and you have 
enough information to crack 
simple secret codes. You 
just count how often each 
letter appears in the secret 
message you want to crack. 
You then compare it with the 
order based on the known 
count for letters in English. 
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messages - that he then 
cracked using frequency 
analysis. At the time, his 
super code cracking skills 
gave the impression he had 
near supernatural powers. 
The way it was done was 
then described in his story 
“The Gold Bug”. This story 
made frequency analysis 
famous, it was not just for 
spies now.

Game On!
In the 1930s, Architect 
Alfred Mosher Butts, hit on 
the idea of a new game 
that combined crosswords 
and anagrams. Both were 
popular at the time. He 
called it Scrabble. However, 
he had two problems to 
solve. How many of each 

letter should the game have 
and what value should each 
letter be for scoring? He 
turned to frequency analysis! 
He used the front page of a 
newspaper, the New York 
Times, to help him work out 
how common letters were. 
However, he did not quite 
keep to the pattern that he 
worked out.  He included 
fewer letter Ss so that the 
game wasn’t too easy 
because of plurals. 

Now lots of people do 
frequency analysis just 
for fun every day, solving 
code cracking puzzles in 
magazines, puzzle books 
and papers including the 
New York Times! 

Sherlock Holmes 
was a master of 
frequency analysis

Fun to do: 

Write a story

Write your own story 

that depends on 

frequency analysis.

Can you decrypt our 

computing joke using 

frequency analysis? The 

graph shows E is the most 

common letter in English so 

the most common letter in 

the message is probably E. 

As it is a short message the 

least common letters are 

less likely to match their 

frequency exactly so try 

and guess words.

Fun to do: 
Crack it!

Can you read this joke? 
Txhvwlrq Zkdw glg wkh frpsxwhu zruub prvw pljkw kdsshq 
dw Kdoorzhhq Dqvzhu D ebwh iurp d ydpsluh

The answer is on the back page.

How common is each 
letter in English?



By the CS4FN / CAS London Team at Queen Mary. Summer 2018.  
With support from Queen Mary Centre for Public Engagement.

Illusions

Stare at the picture, moving 
your head a little as you 
do. The middle circle floats 
around as though it is not 
part of the rest of the eye.  
It isn’t moving of course. It 
was created by the Japanese 
artist Hajime Ouchi.

Your brain is doing some 
amazing tricks - turning the 
light hitting your eye into an 
understanding of the world 
around you. Knowing what 
is near and what is far, and 
whether there is movement, 
are things that all animals 
must do quickly (especially 
when a tiger is near rather 
than far!)

To work things out your 
brain makes some guesses. 
It has built in rules that spot 
patterns. One rule helps us 
guess if something is moving 
up and down. Another spots 
side to side movement. 

The patterns in this picture 
trigger those rules, telling 
you there are two separate 
objects. The rules that allow 
your brain to make sense 
of the world quickly are 
telling you the wrong thing, 
and you cannot stop it 
happening!

Programs that allow 
computers to “see” like we 
do have to do more than 
record things like a camera. 

They need to make sense of 
what is there. They need to 
be able to tell objects apart. 
A driverless car needs to tell 
if that blotch of darkness is a 
pedestrian or just a shadow.

Machine learning is one 
way to do this. The computer 
learns rules about patterns in 
the data it records just as we 
do. If they do it well robots 
of the future may be fooled 
by the same optical illusions 
that we are.

Centre for Public 
Engagement

The CS4FN Eye

Optical illusions tell us about how our brains work. They show 
that our brains follow rules that we cannot switch off.

Answer to page 11 puzzle: Question: What did the computer worry most might happen at Halloween? Answer: A byte from a vampire

Did you enjoy  
‘A Bit of CS4FN’?

Go to abitofcs4fn.

org/survey/ to let us 

know. Get your parent/

guardian’s permission first.


