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Learning Brief

MA1
Consumer Arithmetic,
Algebra & Matrices,
Shape & Measurement

Goals
Unit goals
•

Understand the concepts and techniques introduced in consumer arithmetic, algebra
and matrices and shape and measurement.
• Apply reasoning skills and solve practical problems.
This week:
•
•
•

Encoding and decoding using a shift factor
Encoding and decoding using matrix addition
Encoding and decoding using matrix multiplication

Practical Components

Theoretical Components
Resources:

Order

For this week the theory work is in the PDF file: Week 13 Notes
& Exercises
Mathspace Lesson on Matrix Multiplication:

1.
2.
3.
4.

Complete the questions in the Booklet.
Complete the Investigation below.
Submit the questions for marking.
Complete the matrices quiz on Google Classroom.

https://bit.ly/3ntgT6C
Mathspace Lesson on Applications of Matrices:
https://bit.ly/2PsbUGC

Knowledge Checklist

•
•
•
•
•
•

Encode, decode
Shift factor
Matrix shift
Encoder matrix
Decoder matrix
Inverse matrix

On-line Quiz

Investigation
On HawkerMaths.com – attached to the brief.

Matrices quiz on Mathspace.

Encoding and Decoding Information
History has many accounts of the vital role that codes have played in protecting sensitive information
used in wars and conspiracies. In the 1570’s Mary, Queen of Scots, sent encoded messages from
prison to Catholic supporters who planned to overthrow the Protestant Queen Elizabeth (Queen of
England). Elizabeth was reluctant to execute her cousin Mary without direct evidence linking her to
the plot. The charges were laid by the Principal Secretary, Sir Francis Walsingham. Unfortunately
for Mary, Walsingham was also England’s spymaster. He used an expert to break the code, and Mary
was duly beheaded on February 8th, 1587.
Perhaps the most famous is the so called ‘Enigma’ code. During the Second World War the Germans
used a machine to encode their messages. Alan Turing, a British mathematician developed the
‘Bombe’, a machine which eventually led to the ability to decode the German messages. This greatly
helped the Allied war effort.
In the past codes usually involved swapping letters in a message for other letters. This is called
encoding the message. It must be done using some specific pattern so that the encoded message can
later be decoded by the person receiving the message.
Suppose we think of each letter as a number:
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The weakness of this type of code is that in the English language, E is the most frequent occurring
letter, followed by T and then A. A table of frequencies for letters can be used to replace numbers
occurring in about the same frequency and hence break the code.

How Does it Work?
To encode a message, we could add or subtract a fixed number for each letter in our message.
This number is called a shift factor.

Using a shift factor of +5
“THE CAT” which is represented as
between words.

(20, 8, 5, 3, 1, 20) We do not worry about the space

would become

(25, 13, 10, 8, 6, 25)

and so be encoded as

YMJHFY

To decode such a message, we would use a shift factor of -5 so that
YMJHFY

(25, 13, 10, 8, 6, 25)

would decode back to

(20, 8, 5, 3, 1, 20) …“THE CAT”

Exercise Set 1
Q1. Encode the following message ATTACK AT DAWN using a shift of -5.
Note that the initial encoding gives numbers less than zero. To get around this add 26 to those
numbers and then convert to a letter.

Q2. Decode the following message which was encoded using a shift factor of -3:
QEBPBZOBQZLABFPFQEOBB
‘spread’ so

It may help to rewrite the code with the letters
that you can more easily write the numbers

underneath.

These types of codes are easy to break as any given letter is always encoded with the same code
letter.
A big improvement is to use a matrix shift.
Instead of adding or subtracting the same number each time, we can apply a matrix such as (3 -1 0 5)

3 − 1
 as the shift (or encoder).
0 5 

which could also be written as 

Using this method, the message to be encoded is grouped into fours. In each group, the first letter has
3 added, the second has 1 subtracted, the third letter is unchanged, and the fourth letter has 5 added.
This procedure is repeated for each group of four letters. If the last group has less than four letters,
then you only use as many elements of the matrix as you need. You do not need to add spaces at the
end.
For example, using the above matrix, we would encode: “STEAL PLANS” using the algorithm
Step 1: Group the message into fours

STEA| LPLA |NS |

Step 2: Write each group of four as a matrix of numbers
S

T

L

P

E

A

L

A

N

Step 3: Add the encoder matrix

S

to each matrix to obtain

+

=

+

=

+

=

Thus, our encoded message is

Step 4: Convert these numbers to letters to get the encoded message
VSEFOOLFQR
To decode this message, you would use the decoder matrix. The decoder matrix is found by
multiplying the encoder matrix by -1.

3 − 1 − 3 1 
 =

0 5   0 − 5

-1 × 

− 3 1 
 0 − 5 is added to each of the encoded matrices to return to the original message.



Exercise Set 2

− 3 5

 7 4

Q1. Encode the message “KILL THEM NOW” using the matrix shift 

 3 − 2
 was used to encode a message. The result is IYPLEYGK. Decode
4 0 

Q2. The matrix shift 
this message.

Q3. a) Encode the message SEND MONEY PLEASE using the encoding matrix

b) What is the decoding matrix?

Q4. Create a short message. Choose an encoding matrix and encode the message. State the decoding
matrix and verify that it works or better still work in pairs and get your partner to decode your
message.

Now For The Hard(er) Part
An even more effective means of encoding makes use of matrix multiplication. This uses the
technique we learnt last week.
To encode the message FALL BACK the following steps are used.
Step 1 Write the message using 2 × 2 matrices.
F A

B

A

L

C

K

L

If any gaps are left fill it with a zero.

Step 2 Replace each letter with its corresponding number from the alphabet.
6

1

2

1

12

12

3

11

Step 3 Now the matrix is encoded by multiplying it by encoding matrix known only to the sender and
receiver.
For this example, the encoding matrix is

2

1

3

2

=

x

x

=

After
subtracting
26’s
from 60 and
36

=

=

FALL BACK in matrix form is

and encodes to

Which then is written 15, 8, 8, 10, 7, 4, 13, 25
This as a code becomes OHHJGDMY

The Inverse Matrix
To decode a message we need to use the inverse matrix. This can be compared to multiplying a
number by its
inverse eg 2 ×

1
2

= 1. Multiplying a matrix by its inverse gives the equivalent of 1 in a matrix form.

This matrix
is called the identity matrix and is written

If a matrix is of the form

then the inverse matrix is found by using the rule

Inverse matrix =

When applied to the matrix

this becomes

1
2× 2−1 ×3

which equals

1
1

which simplifies to

Note Values of a, b, c, d were chosen so that ad – bc = 1 which makes the inverse matrix simpler (no
fractions)

The inverse matrix of
message.

FALL encoded to

and this is the matrix needed to decode the

and

x

=

Luckily, there are on-line calculators which will do most of the work for you. One of these is
https://www.mathsisfun.com/algebra/matrix-calculator.html

Summary
1.
2.
3.
4.
5.
6.
7.

Organise the message into 2 × 2 matrices
Replace the letters with numbers
Use an online calculator to multiply the message matrix by the encoder matrix.
Make sure the encoded matrix has all numbers less than 26
To decode use the online calculator to find the inverse matrix (of the encoder matrix)
Multiply the decoded matrix by the inverse matrix.
Replace the numbers with letters to get the original message.

Exercise Set 3
For these questions you may use the online calculator (matrix multiplication).
Q1. a) Make up an 8 letter message and encode it using the encoding matrix

b) What is the decoding matrix?

=

c) Verify that this decoding matrix takes you back to the original message.

Q2. a) Write a message and encode it using an encoding matrix of your choice.

b) Give your encoded message and the encoding matrix to another person. Include the name of this
person so I can check your working.
Person you gave message to:
Person you received message from:
Decode the message you were given. Show working.

MA1 Week 13 Investigation

You are a secret agent, and your colleague has just broken into an enemy organisation’s office and
uncovered some secret plans. Unfortunately, they are now stuck inside the building, and need a
password in order to escape. They have found an encrypted message: KYCUDQHJXKSKAQML and an
8 5
encoding matrix [
], but do not know how to decrypt the message to receive the correct
3 2
password.

a) What is the decoding matrix for the encoding matrix [

8 5
]?
3 2

b) Put the encrypted message into 2x2 matrices and replace each letter with its
corresponding number from the alphabet.

c) Multiply each of the matrices by the decoding matrix.

d) Translate each matrix into their corresponding letter values (remember to keep
subtracting 26 until all your numbers are between 1-26!) .

e) What is the final decoded message?
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Practical

Student completes practical work,
including exercises and
Mathspace task, of the brief to an
acceptable standard set by the
teacher.
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3
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Portfolio Task

Student completes the
investigation task of the week to
an acceptable standard set by the
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Reasoning and
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Communications and appropriate in presentation of
mathematical ideas, with clear and
logical working out shown.

4

-
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Techniques

4

-

/4

2

-

/2

Student submitted work selects
and applies appropriate
mathematical techniques to solve
practical problems and
demonstrates proficiency in the
use of mathematical facts,
techniques and formulae.

POSS MULT GIVEN TOTAL

Submission Guidelines
Timeliness

Student submits the exercises,
Mathspace task and investigation
by the set deadline. See scoring
guidelines for specific details.
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/20

Student Reflection:
How did you go with this week’s work? What was interesting? What did you find easy?
What do you need to work on?

Mathspace task title:
Mathspace score:

SCORING NOTES
Formatting if necessary for all typed/written assessments should be as follows:

Google
Doc

11-12
Pt

1.15-1.5
Line
Spacing

1 Space
between
paragraphs

Spelling and
Grammar “Soft
Limit”

In-Text Citations
with footnotes

Slides

10-12 pt
font text

1.0 1.15
Line
Spacing

Bullet Points
Preferred

Word Count per
slide >100-110
“Soft Limit”

Approved
Templates and
Themes

Title Page/Slide:
• Name
• Date
• Class
• Aim
• Assessment
title

14-24 pt
font
titles
If there is a Timeliness Criterion - Student will receive full marks for a submission on time, half marks for a submission
within one week of the deadline and no marks for a submission after this without prior arrangement with the teacher.
Deadline exceptions can be discussed with your teacher for special considerations.

“Soft Limits” are not rigidly defined limits and will be assessed on a case-by-case basis. Ask for
clarification for specific tasks.

Possible Scoring Groups are out of 2 or 4 Points.
2-Point Criteria

0 Points
2 Point
Criteria

Not present or able to be
assessed as the required
criteria

1 Point
Item is presented and does not meet
expectations for quality, rigour, or
detail

2 Points
Item is presented and does meet
expectations for quality, rigour, or
detail

4-Point Criteria

4 Point
Criteria

0 Points

1 Point

2 Points

4 Points

Not present or
able to be
assessed as the
required criteria

Item is presented, but
does not meet
expectations for
quality, rigour, or detail

Item is presented and
does meet
expectations for
quality, rigour, or
detail

Item is presented and does meet
expectations for quality, rigour, or detail.
Response presented is consistently
accurate and demonstrates very high
level of proficiency.

Multiplier
Criteria will be combined with a Multiplier. While each criterion will be scored on the 0-1-2-4
scale, the multiplier will attach relevant worth to each criterion. Be aware of these multipliers
and dedicate appropriate time to ensure you achieve your best result.
Achievement Standards:
Achievement standards can be found on the BSSS course description.

