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Going Backwards

There is so much opportunity for thinking backwards 
when we teach – a great learning opportunity and also a 
problem solving strategy.





From Nrich

Trial and improvement

Working systematically

Pattern spotting

Working backwards

Reasoning logically

Visualising

Conjecturing

See from Liz 
Woodham on 
Nrich: 
Developing 
Problem-solving 
skills

http://nrich.maths.org/11082


Going Backwards

Some ideas and resources for thinking backwards!

All resources discussed here are linked to from 
colleenyoung.org



Number - Tables

Learn them backwards too.

Try Transum’s Fast Factors

http://www.transum.org/Software/Fast_Factors/Default.asp














Number Operations

Manipulate numerical expressions

https://colleenyoung.wordpress.com/2015/02/07/number-operations/
https://colleenyoung.wordpress.com/2015/02/07/number-operations/
https://colleenyoung.wordpress.com/2015/02/07/number-operations/


Number - Rounding





AQA – GCSE Mathematics 
90 maths problem solving questions
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AQA – GCSE Mathematics 
90 maths problem solving questions
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P Commentary available
(All problems have full answers)
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Desmos page

https://www.desmos.com/calculator/fhwrryijfe


Arithmogons

ATM, Mathematics Teaching, 70 – March 1975
Arithmogons       Alistair McIntosh & Douglas Quadling



Arithmogons

ATM, Mathematics Teaching, 70 – March 1975
Arithmogons       Alistair McIntosh & Douglas Quadling



Arithmagons

From Arithmagons – a lesson plan by Colin Foster in Teach Secondary



Arithmagons

From Arithmagons – a lesson plan by Colin Foster in Teach Secondary



a+b

a

b cb+c

a+c

Sum of circles
a + b + c

Sum of squares
a + b + b + c + a + c = 
2(a + b+ c)

Algebra - Arithmagons



a+b

a

b cb+c

a+c

Algebra - Arithmagons

The sum of a circle 
and the square 
opposite = a + b + c



Sum of squares
36

Sum of circles
18



Sum of squares
44

Sum of circles
22

a

b c

a + b + c = 22
b + c = 15

a = 22 − 15 = 7

a = 22 − 15 = 8



Sum of squares
46

Sum of circles
22

a

b c

a + b + c = 22
b + c = 15

a = 22 − 15 = 7

Similarly
b = 22 − 10 = 12
c = 22 − 19 =  3

a = 22 − 15 = 7

b = 22 − 10 = 12 c = 22 − 19 =  3



Sum of squares
46

Sum of circles
22

7

12 3

a + b + c = 22
b + c = 15

a = 22 − 15 = 7

Similarly
b = 22 − 10 = 12
c = 22 − 19 =  3

a = 22 − 15 = 7

b = 22 − 10 = 12 c = 22 − 19 =  3









Algebra - Factorising

If you can multiply out brackets, you can factorise

4(x+y) = 4x+4y      
6a−6b = 6(a-b)

(x+4)(x+2) = x2+6x+8
x2-5x+6 = (x-2)(x-3)



11. Factorising 
Quadratics

mr barton maths .com

rithmagons



About Arithmagons

• I got inspiration for this series of Maths Arithmagons activities from 
Jonny Griffith’s wonderful RISPs ebook. If you haven’t downloaded 
it, it is available for free here

• Here is why I love them so much
– 1) They are so simple to create and don’t require any special resources

– 2) Working forwards allows students to consolidate key mathematical 
concepts

– 3) Working backwards encourages deep mathematical thinking and 
creativity, hence effective differentiation

– 4) They are so versatile they can be used for pretty much any 
mathematical topic

– 5) Students can be challenged to create their own for an effective 
Extension Task

• Give them a go, and if you or your pupils cannot resist the urge to 
create your own Arithmagons, please let me know 

http://www.risps.co.uk/


Instructions

Forwards Arithmagon

• Choose two circles

• Add the two expressions in the circles together and fill your 
answer in the rectangle in between them

• Continue until you have filled in the other two rectangles

Backwards Arithmagon

• Place an expression in each circle so that each pair of circles 
adds to give the expression in the rectangle in between them

• Be prepared to describe your strategy!



Forwards

x

Backwards

x

𝑥2 + 5𝑥 + 6

(𝑥 + 2)

𝑥2 + 8𝑥 + 15

𝑥2 + 7𝑥 + 10(𝑥 + 4)(𝑥 + 1)



Forwards

x

Backwards

x

𝑥2 − 6𝑥 + 8

(𝑥 − 1)

𝑥2 − 16

𝑥2 + 2𝑥 − 8(𝑥 + 3)(𝑥 − 5)



Forwards

x

Backwards

x

6𝑥2 − 19𝑥 + 15

(2𝑥 + 1)

2𝑥2 + 5𝑥 − 12

3𝑥2 + 7𝑥 − 20(5𝑥 − 2)(𝑥 + 4)



Forwards

x

Backwards

x

6𝑥2 − 19𝑥 + 15

(2𝑥 + 1)

2𝑥2 + 5𝑥 − 12

3𝑥2 + 7𝑥 − 20(5𝑥 − 2)(𝑥 + 4)

(3𝑥 + 12)(3𝑥 − 5)

3

(2𝑥 + 8)(2𝑥 − 3)

2

(6𝑥 − 9)(6𝑥 − 10)

6



Missing information challenge:
• How many ways can you complete each of the Arithmagons?
• Do you notice anything about the answers that work?

xx

𝑥2 − 4𝑥 − 32 𝑥2 − 25



Fill in the blanks 
and solve!

x

𝑥2 +⎕𝑥 + 12 𝑥2 +⎕𝑥 + 20

𝑥2 + 8𝑥 +⎕



Fill in the blanks 
and solve!

x

𝑥2 + 21𝑥 +⎕ 𝑥2 + 17𝑥 +⎕

𝑥2 +⎕𝑥 + 96



Forwards Arithmagon Challenges

• What maths skills do you need to solve a Forwards Arithmagon?

• Design an easy Forwards Arithmagon and a tricky Forwards Arithmagon

• Fill in two of the circles and one of the rectangles. Can you always 
complete your Arithmagon? Is there always a unique solution? Does it 
matter which boxes you fill in?

• Create some different shaped Arithmagons using the blank templates at 
the end of this PowerPoint



• Describe your strategy to solve the Backwards Arithmagon
• Can you explain why your strategy works?
• Is there a unique solution or several? How do you know?
• Will there always be a solution no matter what 3 values you start with?
• Can you change the values so there are no possible solutions? What 

conditions are necessary for this to be the case?
• What conditions are necessary to guarantee there will be a single solution?
• How about guaranteeing there will be several solutions?
• How much information can you remove in order to still get a unique 

solution?
• Make up your own Backwards Arithmagon for each other to solve

Backwards Arithmagon Challenges



Jonny Griffiths - RISPS
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Jonny Griffiths - RISPS



Jonny Griffiths - Digitisers



Jonny Griffiths - Digitisers









Completion tasks



Standards Unit – Creating and Solving 
Equations

https://colleenyoung.files.wordpress.com/2015/03/a2-creating-and-solving-equations.pdf
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Standards Unit – Creating and Solving 
Equations
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Standards Unit – Creating and Solving Equations
“These resources are designed to develop 
mathematical thinking. We have attempted to do 
this through a number of different activity types. 
These types are not there to simply provide variety 
(though they do); they are devised to develop 
different ways of thinking.” 



Mathsbot – Jonathan Hall



Mathsbot – Jonathan Hall



Forming Expressions - Mathsbot



Forming Expressions - Mathsbot



Forming Expressions - Mathsbot









Fill in the blanks
There is also a good deal of evidence that the use of 
worked examples can be helpful in introducing new 
ideas (Booth et al., 2017; Sweller et al., 2019).

Particularly effective are ‘completion problems’ 
where students are given partial solutions and 
required to complete them. 

These can help students to focus on the examples 
but also manage the difficulty level while retaining 
authentic tasks.

Great Teaching Toolkit – Evidence Review, June 2020 Rob Coe, C.J. Rauch, Stuart Kime, Dan Singleton



Why We Love It 
The conversations students have as they develop 
conceptual understanding are phenomenal! 
So much great learning happens around discussing 
misconceptions that come out. 

Hints 
• How do we know which digits are easier to place? 
• How can we tell which operations might affect getting 
a whole number result for our expression? 

Answer 
There are many solutions to this problem including: 
5 ÷ (8 – 7) = 5 
9 + 0 x 6 = 9 
3 – 4 / 2 ÷ 1 = 1 

Problem Source 
https://www.openmiddle.com/order-of-operations-5/ 
Problem Creator 
Molly Rawding

From the Open Middle Starter Pack



Why We Love It 
Students may know how to solve a definite integral without 
having deep understanding of how the bounds and exponents 
work.  This problem forces students to develop and use their 
conceptual understanding to efficiently find closer and closer 
solutions. 

Hints 
• How do the upper and lower bounds determine whether the 
solution is negative or positive? 
• How does the exponent affect the solution’s value? 

Answers 
The solution whose value is 98.666 and is as close to 100 as 

possible comes from  2׬
8
𝑥2𝑑𝑥

Problem Source 
https://www.openmiddle.com/definite-integral-3/

Problem Creator 
Robert Kaplinsky  

and a close second place is:

Source: Robert Kaplinsky

http://www.robertkaplinsky.com/




https://robertkaplinsky.com/tag/open-middle-math-depth-of-knowledge-matrix/
















“If practice is just repeating the same procedure with different 
numbers, chosen randomly, then it has no purpose. Some appear to 
think that such practice is like training a muscle, where repeated 
exercise builds up some kind of inner mental strength and speed. In fact 
it usually results in boredom. Variation theory tells us that by 
systematically changing significant aspects of a task, keeping the rest 
fixed, we can focus the students’ attention on those aspects and 
conceptual change can result. But the emphasis in making such 
variations is not to develop speed but to develop an awareness of 
pattern, leading to conjecture, generalisation, explanation and deeper 
understanding.”          
Professor Malcolm Swan. (NAMA, 2015)

Malcolm Swan on Practice



Factor Trees
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Nathan Day – Mr Day Maths, Factor Trees 



Factor Trees



Factor Trees 2
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Factor Trees 2



Rob Southern









Geometry - here’s the diagram..

For a variation on here’s the 
answer, what’s the question?

Try, here’s the diagram 
what’s the question?

https://colleenyoung.wordpress.com/2013/01/13/heres-the-diagram/




(  + 5)cmx

(x – 1)cm

4 cm

3 cm

Problem 1



A rectangle has length (x + 5) cm and width (x – 1) cm. 
A corner is removed from the rectangle as shown.

(  + 5)cmx

(x – 1)cm

4 cm

3 cm

(a) Show that the shaded area is given by x2 + 4x – 11.
(b) The shaded area is 59 cm2. 
(i) Show that x2 + 4x – 70 = 0.
(ii) Calculate the value of x.

Question 1



Problem 2

250°

6 cm



Question 2

The diagram shows the net of the curved surface of a cone.

250°

6 cm

Not to scale

Work out the volume of the cone.

http://www.google.co.uk/url?sa=i&rct=j&q=volume+of+a+cone&source=images&cd=&cad=rja&docid=RXbloIV4SrBuHM&tbnid=3ApES5dveMB27M:&ved=0CAUQjRw&url=http%3A%2F%2Fmath.tutorvista.com%2Fgeometry%2Fvolume-of-a-cone.html&ei=ITvNUvzuMaLO0AXX-IDQDg&bvm=bv.58187178,d.ZG4&psig=AFQjCNGbzw3BnyaAZ5J0FzM3Oye8V4OA6g&ust=1389268118277453


Problem 7

A

D C

B
32°

32°

15 cm

44 cm



Question 7

A

D C

B
32°

32°

15 cm

44 cm

ABCD is a trapezium.
Angle BAD = 90°.
Angle BDC = angle ABD = 32°
AB= 15cm and DC= 44cm.
Calculate the length of BC
Give your answer to a suitable degree of accuracy.



Algebra Snippets..

For a variation on here’s the 
answer, what’s the question?

Try, here’s the diagram 
what’s the question?

Or try Algebra Snippets

https://colleenyoung.wordpress.com/2013/01/13/heres-the-diagram/
https://colleenyoung.wordpress.com/2014/11/08/algebra-snippets/


























Why use this resource?
Two-way algebra encourages students to appreciate the different 
types of solutions that various equations and inequalities can give. 
Students might have to work backwards from a solution to 
construct their answers, so there is an opportunity to think 
carefully about the structure of equations and inequalities. It may 
also help to develop the thinking of students who have common 
misconceptions, such as, that a pair of simultaneous equations will 
always have one solution, or that a quadratic will always have two 
(real) solutions.

















O&C O level MEI Additional Mathematics 1, QP MEI 36, 1969, Q7
Question reproduced by kind permission of Cambridge Assessment Group Archives. The question remains 
Copyright University of Cambridge Local Examinations Syndicate (“UCLES”), All rights reserved.

https://undergroundmathematics.org/terms


Statistics - Problems



Statistics - Problems



Learn it both ways!

Learn everything from right to left as well as left to right!

If you know your laws of indices you should recognise that 
x10 = x1 × x9

For every derivative you know, you also know an integral!

.......and so on...and on....and on!



Laws of logs

Learn everything from right to 
left as well as left to right!



Puzzles

• Sudoku, see these Nrich resources

• Ken Ken

• Find the Factors

http://nrich.maths.org/public/search.php?search=sudoku&filters%5Bks3%5D=1
http://www.kenkenpuzzle.com/teachers/classroom
https://mathematicsgames.wordpress.com/2014/01/26/find-the-factors/


colleenyoung.org


