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Spies like us
Tudor Spy Invents Binary!

Sir Francis Bacon lived in Tudor / 
Stuart times. He is best known for 
inventing the way we do science. 

He was also a spy for Queen Elizabeth I. 
As a teenager he invented a new kind of 
secret code, published in the year of the 
Gunpowder Plot. His general idea is now 
used in all computers to represent letters.
Secret codes (or ciphers) 
turn a message (the 
plaintext) into gobbledygook 
(the ciphertext). One way 
is to swap letters for other 
letters. This means no one 
can read them unless they 
know, or work out, the 
secret of what each letter 
stands for. But if you have 
a line of letters that make 
no sense it’s pretty obvious 

you are looking at a secret 
message. Bacon wanted a 
way to hide the message 
too.

His cipher had two parts.  
He first swapped each letter 
of his secret message with 
a special code. He then 
hid these codes in any old 
sentence.

STEP 1 - Encode it! 
He swapped each letter 
of the alphabet for its own 
series of 5 a’s and b’s.  
For example, N became 
‘abbaa’ and O became 
‘abbab’. The secret 
message “NO” becomes  
abbaaabbab. That kind of 
code is how computers store 
letters, except we use 0 and 
1 instead of ‘a’ and ‘b’.  
We call it binary!

Bacon’s cipher
Here is Bacon’s cipher. In 
Elizabethan English there 
were only 24 letters in the 
alphabet. I and J, and U 
and V were treated as the 
same letters.

Plaintext Ciphertext
A aaaaa
B aaaab
C aaaba
D aaabb
E aabaa
F aabab
G aabba
H aabbb
I,J abaaa
K abaab
L ababa
M ababb
N abbaa
O abbab
P abbba
Q abbbb
R baaaa
S baaab
T baaba
U,V baabb
W babaa
X babab
Y babba
Z babbb

Twinkle, Twinkle
The message “NO” becomes
abbaa abbab 
and can be hidden in a 
nursery rhyme in capitals  
as follows:

Twinkle, twinkle, little Star,
How I wonder what You are!

STEP 2 - Hide it!
Using a’s and b’s makes the 
message unreadable, but 
with a further step, it also 
gave Bacon a way to hide 
the message. He realised 
that any two things could be 
used in place of the a’s and 
b’s. For example, an a in the 
secret message could mean: 
write the next letter of some 
other harmless message as a 
capital letter, and a ‘b’ would 
mean write it as a lower-case 
letter. That meant he could 
hide his secret message in 
other writing. If you do this 
for every letter it still looks 
strange, but if you use the 
capitals rule only on the first 
letters of words it’s hard to 
see anything strange is going 
on (see Twinkle, Twinkle).

Use Bacon’s cipher to hide your 

own messages in nursery rhymes!

Fun to do: 
Hide your own  

messages

Bacon came up with other ways 

to hide his a’s and b’s, like writing 

letters with curls or no curls. Can 

you come up with two ways to 

write each letter?

Fun to do: 

Invent your own way 

to hide messages

There is lots more  
about spies at:
www.abitofcs4fn.org/spies
You can also try out our  
Bacon cipher program.
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THE ROBOTS
ARE HERE

How should your robot behave?

The robots are entering our 
homes!... as playmates and as 
helpers. They are going to need  
to learn some manners!

There are lots of mini-
robot toys that really are 
simple robots. Some can 
be programmed to follow 
instructions, others are like 
animals so take the place 
of pets. Others play music 
or answer questions. But 
what if a robot was like a 
butler and could ask you 
questions or even make 
suggestions? That might be 
really friendly and helpful, 
or it might be quite irritating. 

Don’t stand so  
close to me!
It doesn’t feel nice if 
someone stands too close to 
you, but most people don’t 
really mind if a robot does it, 
because it’s just a machine. 
But, if robots are made that 
look real, like a human, then 
it does start to matter.

It turns out that most people 
don’t want a full-sized 
human-like robot to get their 
attention by just walking up 
in front of them. That’s a bit 
aggressive. It’s better if they 
move towards you from the 
side. Kerstin discovered this 
by watching people relaxing 
in a comfortable room with 
sofas, biscuits, tables, books 
- and robots.

How should a robot interrupt 
you when you’re chatting to 
friends or playing a game 
without really annoying 
you? Professor of Artificial 
Intelligence, Kerstin 
Dautenhahn, explores how 
people interact with robots  
and how they might like 
robots to interact with them.

She started out as a 
biologist, finding out how 
stick insects move. That 

helped her design robots 
that move about. It’s not just 
the movement of animals 
that interest people who 
create and study robots, 
but how they work and live 
together. Kerstin even set up 
a whole house where people 
could live with robots so she 
could study what happened. 
She wanted to learn how to 
teach robots to be polite, so 
that people would not mind 
them being in their homes.

Draw a design of a robot that might help 

you. It might help you at home, at school, 

at the shops, in a hospital, to cross the 

road or in some other situation you can 

think of. How might they act, so you don’t 

feel uncomfortable? How would it move 

towards you? Would it look like a human 

or a box with wheels?

Fun to do: 

Design a  

friendly robot

How would you prefer your 
robot to get your attention?  
By blinking its lights, making 
a beeping sound, saying 
“excuse me”, or perhaps 
raising a hand like you 
might do in class? I bet your 
teacher wouldn’t like you  
to blink or beep to get  
their attention!

Unlike in films where robots 
are often scary, Kerstin 
wants to help us make 
friends with our robot 
helpers by teaching them 
good manners.
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Computing

Next time you find yourself 
drawing doodles, draw 
an algorithmic doodle 
and explore algorithms 
for drawing nature. The 
algorithms are recursive:  
that means they describe 
how to do things with 
instructions that refer to 
themselves. For example,  
“to draw a branch, you 
draw a line, then draw a 
smaller branch from it”. 

This makes the algorithms 
mirror nature, as often parts 
of things are smaller versions 
of the whole: a branch of 
a tree is just a smaller but 
similar version of a bigger 
branch. 
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and art
Algorithmic Doodle Art

There is lots more  
doodle art at:
www.abitofcs4fn.org/art/ 
algorithmic-doodle-art

Take one of our doodle 

algorithms and change  

it - e.g. change what the  

rule says about how 

many lines to draw, 

where they should be 

drawn or the colours 

used and see how  

it changes things.

Fun to do: 

Create your own

Next time you look at a tree 

notice how the branches of 

a tree are made of smaller, 

similar branches. Can you spot 

any other things in nature, or 

human-made things, that are 

made this way?

Fun to do: 

Spot it in nature

The backgrounds and scenery in films are often computer 
generated. Ever wondered how they do it? It’s all about 
‘algorithms’. An algorithm is just a set of instructions to 

follow that gets something done.

Here is a different 
Doodle Algorithm.  
What will it look like?

Mystery:  
Starting Steps
STEP 1 – Start by 
drawing a looping line  
with 3 red circles on the  
end like this one:

STEP 2 – Follow the 
DoodleDraw MYSTERY 
steps (for that line).

To DoodleDraw 
MYSTERY  
(for a given line):
STEP 1 – Draw a new 
smaller looping line,  
starting from any point on 
the line. Add 3 red circles 
on the end.

STEP 2 – Choose an 
existing line and follow the 
DoodleDraw MYSTERY 
steps (for that new 
chosen line).

Grass:  
Starting Steps
STEP 1 – Start by 
drawing a single slightly 
curved vertical line like  
this one:

To DoodleDraw 
GRASS  
(for a given line):
STEP 1 – Draw 3 shorter 
curving lines near the top  
of the line, on the inside of  
the curve.

STEP 2 – Choose one of 
the lines you have already 
drawn and follow the 
DoodleDraw GRASS 
steps (for that newly 
chosen line).

STEP 2 – Follow the 
DoodleDraw GRASS  
steps (for that line).

Here is an example Doodle Algorithm to draw a 
kind of grass.
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Superheroes don’t just have physical powers. Often they 
come out on top because of their mental abilities. Sherlock 
is a good example, catching villains through logical 

thinking. Anyone can get better at thinking! Just practice.
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SUPERHERO
POWERS

Superhero 
Syllogisms
It is important for everyone 
to be able to think clearly. 
It is especially true for 
programmers, detectives 
and lawyers as well as 
superheroes. You need to 
be able to work things out 
from the facts you know. The 
Ancient Greeks were very 
good at logic. They invented 
the idea of a ‘syllogism’. 
These are common patterns 
that combine facts where 
you figure out a conclusion 
only using the facts. 

For example, if we know 
facts 1 and 2 above (where 
you can swap in anything 
for X, Y and Z) then we can 
create a new fact. 

So let’s replace X with the 
word superheroes, Y with 
fight crime and Z with 
Ghost Girl. If we put them 
in to the picture above we 
get the new picture:

Notice how you use the 
plurals in Fact 1 and singular 
words in the other facts to 
make the English work.

Can you solve these 
Superhero Syllogism 
puzzles? Work out which 
conclusion is the one that 
follows from the given facts. 
Use our coloured template 
above to help.

FACT 1: ALL superheroes …  
do good.

FACT 2: The Invisible 
Woman is a superhero.

Which statement below (a, 
b, c or d) can we say from 
these facts alone? Don’t use 
anything extra, just use fact 
1 and fact 2.
a)  The Invisible Woman  

has superpowers.
b)  The Invisible Woman  

does good.
c)  The Invisible Man  

does good.
d)  The Invisible Woman  

does not do good

FACT 1: ALL superheroes … 
sometimes accidentally  
do harm.

FACT 2: Jamila is a 
superhero.

What can we say from  
these facts alone?
a)  Jamila sometimes 

accidentally does harm.
b) Jamila is not a superhero
c)  Those with superpowers 

only do good.
d) Jamie is a superhero

FACT 1: ALL supervillains 
… laugh in an evil way.

FACT 2: The Spider is  
a supervillain.
What can we say from  
these facts alone?
a)  The Spider sometimes 

accidentally does harm.
b)  The Spider does not 

laugh in an evil way.
c) Supervillains are evil.
d)  The Spider laughs  

in an evil way.

As long as the facts are 
true the conclusion follows, 
though if the facts are not 
true then nothing is really 
known.

Fun to do: 

Invent a silly syllogism

Take the pattern of the above syllogisms and 

invent your own. Just substitute your own words, 

but keep the pattern.

Answers and lots  
more superhero 
syllogisms at:
www.abitofcs4fn.org

The following logic is 
good but something has 
gone wrong because the 
conclusion is not true. The 
superhero called the Angel 
does not actually have any 
superpowers! The Angel  
just wears a flying suit!  
Can you work out what  
has gone wrong?

1.  ALL superheroes …  
have superpowers.

2. The Angel is a superhero.

Therefore we can conclude 
from these facts alone that:
3. The Angel has 
superpowers.
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Both dances and programs 
are a series of steps that 
must be followed exactly 
and in the right order. If you 
want to program a robot 
to dance then those dance 
steps become a program. 
You must write the steps in  
a programming language so 
the robot can follow them.

Ballet, tap, modern, 
ballroom, hip hop, line 
dancing, gymnastic dance, 
hand clapping games the 
list is endless of routines we 
might learn. Each routine 
is an algorithm, or set of 
instructions that a person 
might follow. If, instead of  
a person following the steps, 
a robot is the performer, 
then we need to implement 
the algorithm as a program. 

Control the flow 
One of the most important 
things in programming is 
being able to say which 
instructions are to be 
followed when.  

Gangnam Style Dance
Here is the dance program for the 
‘Ride a horse’ steps of a Gangnam 
style dance.

Shadows’ Walk
Here is the dance program for the dance 

made famous by electric guitar playing 
60’s group ‘The Shadows’

Dance Steps
for  Robots

Programs and dance steps have a lot in  
common. Dancers dance algorithms! 

This is called ‘flow of 
control’. The simplest form 
is knowing how to write an 
instruction to do one step 
after another. This is called 
‘sequencing’. Our dance 
programming language uses 
jigsaw-like pieces that fit 
together one after another 
to show the order to do 
dance steps.

When writing programs 
(and dance steps) you also 
need to be able to say 
some instructions must be 
repeated a given number 
of times. We’ve used a 
REPEAT jigsaw block. You 
need to say how many times 
you want instructions to be 
repeated. You must also say 
which instructions are to be 

If you repeat  
the wrong steps, or 
do them the wrong 
number of times, 
then you will get 
the dance wrong!

repeated. Our REPEAT piece 
has a hole in it. The pieces 
in the hole are the ones to 
repeat the given number of 
times.

If you don’t do the 
steps in exactly the 
right order you will  
get the dance 
wrong! Fun to do: 

How many kinds  

of steps are there?

Can you make a list of all the 

different types of dance and 

other types of routines that we 

sometimes learn? Here are some 

ideas, kata in Karate, ballet 

routines, gymnastic routines ...

Fun to do: 

Create your own

Write a program for your 

favourite dance steps,  

then pretend to be a robot 

following the program.

Dance Programs
Here are some simple dance programs for a robot.  
Can you pretend to be the robot and follow them yourself?



Magic and Computing have a lot in common. They both 
rely on algorithms: steps that if followed lead to the right 
thing ALWAYS happening. A computer blindly follows the 

steps in a program and the computer does what the program 
tells it to every time. With magic, the magician follows the steps 
precisely and the magic effect always happens. There are lots 
more links too. Here’s an example to do with cyber security.

To get the magic cards and learn the covert channel that lets you do this trick go to  
abitofcs4fn.org/magic/ Learn more about binary, the code used by computers, too.  

Don’t forget to ask a trusted adult if you can use the computer to look up things  
on our website, we won’t ask you for any personal details.

By the CS4FN / CAS London Team at Queen Mary. Spring 2018. With support from Queen Mary Centre for  
Public Engagement, and the CAS Network of Excellence funded by the Department for Education.

The Magic
of Computing

Reading your  
Mind Magic:  
“Cards on  
your mind”
Lots of tricks involve a 
magician pretending to 
read someone’s mind. The 
magician doesn’t read minds 
of course. Instead, they have 
a secret way that ensures the 
volunteers ‘leak’ information 
to them without realizing. 
They have a secret algorithm 
that tells them what they 
need to know. In computing 
it is called a ‘covert 
channel’. Cyber security 
experts have to make sure 

there are no covert channels 
in programs or the bad 
people could use them to 
steal private information 
from computers.

The Trick
You ask four of your friends 
to help in an experiment in 
mind reading. You give them 
a list of 15 numbers and 
ask them to jointly pick one, 
without telling you what it is. 
You then give each a card 
which contains a jumble of 
numbers and letters. They 
stand in a line facing you, 
cards hidden from your 

sight. They each look to see 
if the jointly chosen number 
is on the card. If it is then 
they must close their eyes 
and think hard only of that 
number. Those holding a 
card without the number 
choose one of the letters on 
their card instead, and stare 
at it, thinking only of that 
letter. That way they won’t 
confuse you, you say. 

You close your eyes, think 
hard and then pick up the 
thoughts about the secret 
number and announce what 
their secret number was!

Centre for Public 
Engagement


