
Having a go at reasoning!

	[image: ]Some children who are good at calculation can be surprisingly poor at mathematical reasoning.

Let’s try to understand why….



Have a go at solving these cryptic clues. Each is a one-word mathematical term.



· Right leader is in the current of this curve (3) 
· A doctor of divinity can make additions (3)
· Initiate some useful methods to find the total (3)
· Automobile Association is about this region (4)
· The Italian is flattened by this weight (4)
· The act is in for a part (6)
· This smaller group is sure to best us (6)
· In Rome for 501, 6, and 500, then East to factorise (6)
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Right leader is in the current of this curve ARC
R is the ‘leader’ of ‘right’. AC is ‘alternating current’

A doctor of divinity can make additions ADD
Doctor of divinity = DD so we have ‘a’ DD

Initiate some useful methods to find the total SUM
The word ‘initiate’ usually indicates that we should take the first letters of the words … so we take ‘s’ and ‘u’ and ‘m’ 

Automobile Association is about this region AREA 
AA is Automobile Association; ‘about’ is ‘re’ (from ‘regarding’) … 
so, A re A

The Italian is flattened by this weight KILO
‘the’ in Italian is il. And flattened is knocked out or KO 

The act is in for a part FACTOR
The word ‘act’ is embedded in the word ‘for’

This smaller group is sure to best us SUBSET
The letters ‘b e s t u s’ are anagrammed to give subset

In Rome for 501, 6, and 500, then East to factorise DIVIDE
In Roman numerals, 501 is DI, 6 is VI, 500 is D, then E
12 ÷ 4 = 3 gives us factors of 12, for example
East is E, and putting all those together makes divide
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Features of reasoning
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· Language is used in complex ways. Information is not given in order, relevant information may come last, information may be ‘hidden’ or embedded. 

· Sentences are convoluted – word problems often use the passive voice, informative clauses are used as fronted adverbials, and so on.  

· All too often it is necessary to recognise ‘code words’ – words that indicate or signal that you have to do something specific, e.g. in crosswords ‘initiate’ and in word problems ‘difference’.

· Extraneous information can be given so it becomes hard to identify the key elements.  
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Helping children to reason
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· Get children to generate their own word problems or their own reasoning problems. If they can create their own, they are far more likely to be able to solve them.

· Work backwards – give them an answer and let them work out WHY that is the answer.  How could one get there (there is often more than one way!)? 

· Give the code words – the keys to understanding what to do, e.g. finding a difference usually means we will need to count up or subtract, a product is the result of multiplying two or more numbers, etc.

· Work alongside – you probably couldn’t solve all the clues alone!
This last point is critical.  Children will feel more comfortable  working together, in small groups.
It helps greatly if you or another adult work can alongside them!
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Description automatically generated]Modes of communicating mathematical reasoning
	Describing mathematical observations/ situations

	Explaining problem-solving strategies


	Reflecting on/ evaluating solutions

	Concluding findings, using logic and referring to observations/ results 
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	Justifying using a correct logical argument that has a complete chain of reasoning.
It uses words such as ‘because’, ‘therefore’, ‘and so’,
‘that leads to’ ...

	Proving: Make a watertight argument that is mathematically sound, often based on generalisations and underlying structure
	Hypothesising / making conjectures

	Generalising
 Articulate a rule to describe a pattern/ sequence
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Prompts and strategies to promote reasoning

Spot the mistake / Which is correct? 
[Yr2: ‘count in steps of 2, 3, and 5 from 0, and in tens from any number, forward or backward’], 
e.g.   45, 40, 35, 25    What is wrong with this sequence of numbers?

True or false?
	[Yr5: ‘count forwards or backwards in steps of powers of 10 for any given number up to 1 000 000’]	When I count in 10s I will say the number 10100?
	[Yr1: ‘count in multiples of twos, fives and tens’]  
	Katya says if she counts in 10s from 4 she will get to 97.

[Yr6: ‘recall and use equivalences between simple fractions, decimals and percentages, including in different contexts’]
25% of 23km is longer than 0.2 of 20km.

What comes next?
[Yr3: ‘find 10 or 100 more or less than a given number’]
e.g.
936 - 10 = 926
926 - 10 = 916
916 - 10 = 906  …

Do, then explain
	[Yr6 ‘read, write, order and compare numbers up to 10,000,000 and determine the value of each digit’]
Find out the populations in five countries. 
Order the populations starting with the largest. Explain how you ordered the countries and their populations.

Make up an example / Write more statements / Create a question / Another and another
	[Yr4 ‘recognise the place value of each digit in a four-digit number (thousands, hundreds, tens, and ones)’]
	Create four digit numbers where the digit sum is four and the tens digit is one, e.g.  1210
What is the largest/smallest possible number? 

Possible answers / Other possibilities
	[Yr5 ‘round any number up to  1,000,000 to the nearest 10, 100, 1,000, 10,000 and 100,000’]
	A number rounded to the nearest thousand is 76000. What is the largest possible number it could be?

	[Yr2 ’ adding three one-digit numbers’]
	           +           +         =  14

What single digit numbers could go in the boxes?  How many different ways can you do this?


What do you notice?
	[Yr1 ‘recognise, find and name a half as one of two equal parts of an object, shape or quantity’]
	Choose a number of counters. Place them onto 2 plates so that there is the same number on each half. 
When can you do this and when can’t you?   What do you notice?
Continue the pattern
	[Yr1 ‘represent and use number bonds and related subtraction facts within 20’]
	10 + 8 = 18
11 + 7 = 18
… …
Can you make up a similar pattern for the number 17?   How would this pattern look if it included subtraction?

Missing numbers / Missing symbols / Missing information/Connected calculations
	[Yr2 ‘recall and use addition and subtraction facts to 20 fluently, and derive and use related facts up to 100’]
	91 +        = 100		100 -         = 89
What missing number goes in the box?

Working backwards / Use the inverse / Undoing / Unpicking
	[Yr5 ‘identify multiples and factors, including finding all factor pairs of a number’]
	Use the inverse to check if the following calculations are correct:
4321 x 12 = 51852	507 ÷ 9 = 4563

[Yr1 ‘add and subtract one-digit and two-digit numbers to 20, including zero’]
I add 5 to a number and the answer is 13. What number did I start with?

[Yr6 ‘solve problems … where the scale factor is known or can be found’]
A recipe needs to include three times as much apple than peach. The total weight of apples and peaches in a recipe is 700 grammes.  How much apple do I need?

Hard and easy questions
	[Yr3 ‘add and subtract numbers mentally, including:  a three-digit number and ones, a three-digit number and tens, a three-digit number and hundreds’]
	Which questions are easy / hard?
323 + 10 =	393 + 10 =	454 - 100 =	914 - 120 =
Explain why you think the hard questions are hard?

What else do you know? / Use a fact
	[Yr6 ‘use knowledge of the order of operations to carry out calculations involving the four operations’]
	If you know this:
86.7 + 13.3 = 100   what other facts do you know?

[Yr3 ‘calculate mathematical statements for multiplication and division using the multiplication tables that they know, including for two-digit numbers times one-digit numbers’]
20 x 3 = 60.  Use this fact to work out :  21 x 3 =       22 x 3 =	23 x 3 =     24 x 3 =


Fact families
	[Yr2 ‘show that addition of two numbers can be done in any order (commutative) and subtraction of one number from another cannot’]
	Which four number sentences link these numbers?   
100, 67, 33

Making links / Application
	[Yr4 ‘recall multiplication and division facts for multiplication tables up to 12 × 12]
	Eggs are bought in boxes of 12. I need 140 eggs; how many boxes will I need to buy?

Convince me / Prove it / Generalising / Explain thinking
	[Yr1 ‘read, write & interpret mathematical statements involving addition (+), subtraction (-) and equals (=)’]
	In my head I have two odd numbers with a difference of 2.  What could they be?  Convince me.

	[Yr3 ‘write and calculate mathematical statements for multiplication and division using the multiplication tables that they know, including for two-digit numbers times one-digit numbers, using mental and progressing to formal written methods’]
What goes in the missing boxes?   Prove it.
	x
	?
	?

	4
	80
	12


  
	[Yr5 ‘estimate volume and capacity’]
Put these amounts in order starting with the largest:
130000cm2	1.2 m2		13 m2
Explain your thinking

Make an estimate / Size of an answer
	[Yr3 ‘estimate the answer to a calculation and use inverse operations to check answers’]
	Which of these number sentences have the answer that is between 50 and 60?
174  - 119	333 – 276	932 - 871

[Yr3 ‘estimate the answer to a calculation’]
Will the answer to the following calculations be greater or less than 80?
23 x 3=		32 x 3 =		42 x 3 =		36 x 2=

Always, sometimes, never
	[Yr2 ‘recognise and use the inverse relationship between addition and subtraction and use this to check calculations’]
	All multiples of 5 end in 5?
[Yr6 ‘identify common factors, common multiples and prime numbers’]
	Is it always, sometimes or never true that multiples of 7 are 1 more or 1 less than prime numbers?

How close can you get?
	[Yr4 ‘multiply two-digit and three-digit numbers by a one-digit number using formal written layout’]
	                      X  7		Using the digits 3, 4 and 6 in this calculation, how close can you get to 4500?
What is the largest product? What is the smallest product?


Odd one out
	[Yr5’ identify, name and write equivalent fractions of a given fraction, represented visually, including tenths and hundredths‘]
Which is the odd one out in each of these collections of 4 fractions?    Why?
6/10    3/5     18/20   9/15
30/100    3/10    6/20   3/9      

Another and another
	[Yr4 ‘recognise and write decimal equivalents of any number of tenths or hundredths’]
Write a decimal number (to one decimal place) which lies between a half and three quarters?
… and another, … and another, …

Ordering
	[Yr2 ‘write simple fractions e.g. ½ of 6 = 3 and recognise the equivalence of 2/4 and ½ .
	Put these fractions in the correct order, starting with the smallest:   ½       ¼      1/3

Complete the pattern / Continue the pattern
[Yr2 ‘count in fractions up to 10, starting from any number and using the ½ and 2/4 equivalence on the number line]
	5 ½, 6 ½ , 7 ½ , …., …..
9 ½, 9, 8 ½, ……, …..

Testing conditions
	[Yr6 ‘recognise that shapes with the same areas can have different perimeters and vice versa’]
	A square has the perimeter of 12 cm.  When 4 squares are put  together, the  perimeter of the new shape can be calculated.
For example:



What arrangements will give the maximum perimeter?

The answer is…
	[Yr2 ‘know the number of minutes in an hour and the number of hours in a day’]
	3 hours…   What is the question?

Visualising
	[Yr4 ‘identify lines of symmetry in 2-D shapes presented in different orientations’]
	Imagine a square cut along the diagonal to make two triangles. Describe the triangles.
Join the triangles on different sides to make new shapes. Describe them. (you could sketch them)
Are any of the shapes symmetrical? Convince me.

What’s the same, what’s different?
	[Yr5 ‘identify 3-D shapes, including cubes and other cuboids, from 2-D representations’]
	What is the same and what is different about the net of a cube and the net of a cuboid?


Possible approaches to tackling barriers or difficulty with 
‘intelligent practice’/ open-ended learning


· Help children understand - at an early stage - that mathematics is not simply a quest for the ‘right’ answer
· Study the processes involved in tackling such activities with children
· Slowly build up the length of time spent on such activities
· Ensure such activity is varied – will children look forward to having a go at the next episode of learning because it is intriguing, interesting and presented in different ways?
· Encourage and teach learners to tackle questions systematically and conscientiously
· Allow children to experience mathematical enquiry that has false starts and dead ends
· Provide a scaffold to prompt next steps, or to recognise and record key moments in the process
· Provide a ‘rubric’ or sentence starters to help children articulate their thinking
· Children need to experience success in return for their effort (but not every time!)
· Provide opportunity for children to reflect on experience
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