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Mathematical thinking

As the UK National Curriculum has always recognised, 
learning mathematics is about more than learning some 
facts and calculation techniques; it is about learning 
how mathematics is practised, i.e. about mathematics 
as activity. So just as children learn about numbers and 
calculations, they need to learn also how to go about 
doing mathematics.

There are several elements involved in thinking 
mathematically, most of them stemming directly from 
the essentially abstract character of most mathematical 
ideas. Probably the most fundamental aspect of 
mathematical thinking arises from the need to be logical 
when dealing with abstract ideas; if we are not logical 
then we have no way of relying on the outcomes of 
our thinking, and we do need to be able to rely on our 
conclusions.

Piaget’s work taught us long ago however, that young 
children do not think logically in the way that most adults 
are able to; their gradual progress toward adult logical 
thinking is partly experiential, partly maturational. So we 
cannot expect young children to think like adults, but we 
can discuss their thinking with them and help them to 
reflect on their reasoning as they do it.

Their developing reasoning in mathematics should 
always be shared, explored, and reflected upon openly 
from their earliest experiences; we are not expecting 
clear, logical arguments from young children, but we do 
want them to notice that the way they think is important 
to us, and that thinking is worth thinking about. For 
children to feel willing, and increasingly able, to share 
and develop their mathematical thinking of course, 
they need to feel that their thoughts are welcomed, 
respected, and important; if their thoughts are treated 
as simply ‘wrong’, low-level, or even worse if they 

are ridiculed, then children will quickly close up and 
lose faith in their own brains. Central to the Numicon 
approach is the self-confidence that children can learn 
to feel in their own mathematical thinking and reasoning 
– teachers should take every opportunity to nurture this 
in a highly supportive atmosphere.

A second key characteristic of mathematical thinking 
is an ever present drive towards generalising. Looking 
for patterns in all situations is key to this since once 
you have seen a pattern you can then generalise and 
predict. Teachers should also encourage generalising 
by taking every suitable opportunity to ask, ‘Do you think 
that will that always happen?’.

A third essential characteristic of mathematical 
thinking is approaching situations systematically. Being 
systematic is both an aspect of effective reasoning 
and a secure foundation for generalising (and thus 
predicting). The final two Activity Cards in this Foundation 
Kit are designed specifically to invite children to think 
systematically about possibilities, to resist the impulse 
to guess wildly (as if they might just hit on the answers 
magically, somehow), and to more patiently set out the 
details of everything that could happen, before reaching 
any conclusions.

A fourth key element in thinking mathematically is 
being able to use and apply abstract mathematical 
ideas in realistic situations. Numicon Activity Cards 
signal opportunities for children to use mathematical 
ideas in everyday situations, and teachers should 
constantly seek to help children connect their developing 
understanding of mathematical ideas with the everyday 
world that they experience around them.

Finally, teachers should realise that mathematical 
thinking in these ways is important throughout 
children’s mathematical experience. We have chosen 

Key Mathematical Ideas

As part of this kit you will find Teaching Activity Cards explaining  
the core activities and suggestions for further work. Both the  
activities and further work are designed to help children develop 
specific ideas in relation to numbers that are essential to later success 
in arithmetic, throughout all the activities there are opportunities for 
mathematical thinking and so this is discussed first. Followed by 
explanation of the nine key ideas which are addressed the activities 
and work of this Numicon Firm Foundations Kit: pattern, order, 
comparison, counting numbers, moving beyond counting, place 
value, addition, subtraction, and shape.
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Above: Children enjoy 
ordering Numicon Shapes 
and numerals on a 
magnetic board. In this 
play they connect counting 
and numerals with the 
Numicon patterns. 
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to include two Activity Cards in this Kit specifically 
devoted to reasoning and being systematic, but their 
inclusion should not be thought of as indicating that 
mathematical thinking is somehow separated from 
other mathematical work. The ways in which children 
think about all their mathematical activity should reflect 
the key elements identified above.

Pattern

Children are very skilful at sensing patterns - as young 
human beings they have to be; without being able to spot 
regularities in the world they could never make sense of 
or learn from their experiences. Patterns make the world 
predictable and pattern is the big idea behind mathematics. 
Numicon Images are designed to offer children several 
kinds of visual patterns suggesting connections between 
numbers. The more children can see patterns connecting 
numbers with each other the more they will be able to 
exploit these connections later to do smart calculations. One 
very important kind of pattern in mathematics is what we 
call a sequence; children have spotted a sequence when 
they know what’s coming next.

Order 

The most important regularity about numbers is 
their order. Children have to be able to make a vital 
connection between ‘one more’ and ‘next’ in order 
to understand our system of whole numbers. The 
patterned images of this pack are designed to offer a 
systematic way of seeing how each ‘next’ number is 
‘one more’ than the last (More than this, through the 
format of these images children can begin to sense 
alternating ‘oddness’ and ‘evenness’ although we do 
not recommend introducing these terms with very  
young children). By associating ordered image patterns 
with the early number line children are also introduced 
to the most important long-term visual image for 
number they will ever meet; number lines really  
stress the order in numbers.

Number rods are also designed to help children connect 
‘one more’ and ‘next’ and this is most readily achieved 
through the making of ‘staircase’ patterns. Since for 
many children going upstairs is often accompanied 
by counting, a connection between stairs, counting, 
number rods and number is usually readily made.

Comparison

As soon as they meet any materials (and Numicon 
is no exception), children will explore their properties 
and notice differences and similarities between the 
various bits and pieces involved. At first they will not 

have developed enough comparison language to 
explain the differences and similarities they see, but 
even apparently simple terms such as ‘big’, ‘bigger’ 
and ‘biggest’ are vital to their developing mathematical 
understanding and should be encouraged and 
developed as children work with Numicon. The idea of 
comparison is the basis of all forms of measurement, 
underlies work in every branch of mathematics, and is 
essential to taking part in everyday life – its importance 
to children cannot be over-stated.

Counting Numbers

Counting is almost every child’s first experience of 
numbers in use and is essential. Counting is a very 
complex experience for children to understand; it takes 
much time to learn – and lots of practice. Children 
should be encouraged to count collections as often 
as possible, always being encouraged to notice that 
the final number used describes how many objects 
have been counted. This ‘result’ of counting, that we 
now know ‘how many’ uses what is called the cardinal 
property of numbers.

Note that there is a world of difference between 
counting things to find out how many there are, and 
‘just’ counting (reciting number names in order) which 
children always learn to do first. Both activities are vital 
for children’s mathematical experience, but counting 
things to find out how many there are is a much harder 
activity for children to understand. 

By ‘just’ counting however, children begin to sense 
patterns within our system for naming numbers, and 
they are also learning about what is called the ordinal 
property of numbers. It is the ordinal property that we 
use when we put things in order and say, ‘That’s first, 
that’s second, third… etc.’.

There is a third property of numbers called their nominal 
property that we use for telephone numbers and bus 
routes. When we catch a number 52 bus, ‘52’ is just the 
name of a route, it doesn’t tell us how many buses the 
company own (cardinal) or which order they come along 
in (ordinal).

Children have to gradually learn about all these 
properties of numbers, and they learn so much of 
mathematical significance from the experience of 
counting (that numbers are ordered, that each next 
number represents ‘one more’ than the last, that 
numbers can go on for ever, that there is a system to the 
way we count, etc.) that its importance to them should 
not be underestimated. Nevertheless, using Numicon 
images and visual references to the number line should 
accompany counting activities whenever possible.

Moving beyond counting 

It is true that through counting activities children begin 
to develop their early understanding of numbers, 
but it is important to realise that their progress into 
arithmetic depends upon them going beyond counting 
to seeing numbers as ‘wholes’. It doesn’t help children 
to think of ‘six’ as the whole chain ‘one-two-three-four-
five-six’ when the time comes to do calculations; ‘six’ 
needs to be an idea whole in itself, not thought of as a 
counting process. Which is why Numicon images have 
been designed to help children see numbers as clear 
‘wholes’, to see ‘six’ (for example) as an organised 
pattern that is whole and complete in itself. It is as if 
children have to compress their understanding of the 
six ‘ones’ that make up six in counting, into a whole, 
composite idea called ‘six’.

The system of patterns used for Numicon images is 
also designed to show children how each individual 
‘whole’ number relates to other ‘whole’ numbers. This 
series of patterns (unlike domino or dice patterns) 
makes a whole ‘four’ look like ‘one less than five’, ‘one 
more than three’, and ‘two twos’ whilst also allowing 
each distinctive pattern for two, three, four and five to 
be entirely memorable in itself. It is the seeing of these 
patterns of relationships between whole numbers which 
are the foundations of children’s later calculating, these 
are the patterns which will allow, for example, 4 + 4 = 8 
to make sense without counting.

To help children go beyond counting it is crucial that 
they learn to ‘find how many’ there are in collections by 
grouping without counting. This is again where patterns 
play the key role. Numicon images are designed to 
help children ‘see’ how many things are before them by 
arranging them into systematic, recognisable patterns, 
thus again ‘seeing’ numbers of things as organised 

wholes. Making recognisable patterns of objects 
enables children to ‘see’ how many without counting, 
it enables them to compress lots of little bits into 
organised wholes.

To the same purpose, number rods are designed to 
encourage children to see numbers as wholes. That is 
why they are not graduated into ‘ones’. Work with these 
almost forces children to see numbers as wholes in 
relation to each other, since it is impossible to give any rod 
a value by itself - numerical values can only be ascribed 
to rods by comparison with each other. Whilst it is true 
that each rod could be given a single value by seeing how 
many ‘ones’ fit along it, to do so at the beginning before 
children have had time to explore the interrelationships 
between the rods, would defeat their whole purpose. Later 
on, children will learn that any rod can be ascribed any 
number and that it is relations between rods that are the 
most important for understanding arithmetic.

Place value notation 

Successful number teaching at the Foundation Stage helps 
children begin to understand the systematic ways we give 
our numbers names. As we have already noted, counting is 
an essential activity for children to master, and an essential 
part of learning to count involves learning to handle an 
infinite set of names for numbers, in order.

Unfortunately for children trying to learn number names, 
in our society we use two parallel systems for naming 
numbers which don’t always agree with each other. 
We use a written symbolic system (numerals) and we 
also use a spoken and written verbal system (words) to 
say and read our number names. These two systems 
would be hard enough in themselves for children to 
understand, but the fact that they conflict with each 
other makes learning them a really tough task. 
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Above left, Children  
can see relations  
between whole numbers 
from the sequence of 
Numicon patterns. 

Above right, Children 
become familiar with the 
patterns of the Numicon 
Shapes through play by 
pressing the Shapes into 
playdough.
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Key to the activity cards

Numicon Firm  Foundations Kit

Key to the activity cards

Title

The title indicates the key 
ideas and broad scope  
of the teaching activities  
on the Card.

Aim

The specific aim of the 
teaching activity.  

Key mathematical ideas 

The key mathematical ideas 
addressed in the teaching 
activity are explained in the 
Teaching Guide. Under-
standing these helps prac-
titioners to appreciate both 
the challenges that children 
face, and also the relevance 
of the activity. It also enables 
effective questioning.  

The activities 

These are described step 
by step with illustrations.  
Activities may sometimes 
be taught in one session, 
but more often over several 
sessions.  Many activities will 
be repeated and practised 
independently before the 
aim is achieved. Refer to the 
Individual record of progress 
for the smaller steps within 
the activities.

Language 

The mathematical language 
that will be developed 
through the activity.  
Not all the language  
will be developed in one  
session, practitioners  
should select which  
vocabulary to develop.

Challenges

Questions for assessment 
and for challenging children 
to move them on further in 
their thinking. 

Using Numicon

Other ideas for using 
Numicon in the classroom 
and in outside play (where 
appropriate), to reinforce 
and extend the main  
teaching activity.

Connecting Activities 

Cross curricula activities 
which support children’s 
broader understanding  
of the key ideas they are 
meeting in the activities  
with Numicon. 

Outside

Cross curricula activities 
which support children’s 
broader understanding  
of the key ideas they are 
meeting in the activities  
with Numicon. 

Numicon Firm  

Foundations Kit
Activity Card Summary

Firm Foundations 1a

Card title 
Counting

Key mathematical idea 
Counting

Aim 
For children to learn to recite number 
names. For children to learn to count 
one to one  

Please note: the counting activities  
on this card should be ongoing 
throughout the Foundation Stage.

Firm Foundations 1b

Card title 
Counting  

Key mathematical idea 
Counting

Aim 
For children to learn to recite number 
names. For children to learn the 
cardinal values of numbers 1-10 

Please note: The counting activities 
on this card should be ongoing 
throughout the Foundation Stage.

Firm Foundations 2a    

Card title 
Getting to know the Numicon Shapes 

Key mathematical ideas 
Pattern, Shape

Aim 
For children to explore freely  
the Numicon Shapes

Firm Foundations 2b   

Card title 
Getting to know the  
Numicon Shapes

Key mathematical ideas    
Pattern, Order, Shape

Aim 
For children to be able to match 
Numicon Shapes by colour and 
shape (work initially from 1-4 
increasing gradually up to 10)

Firm Foundations 3a 

Card title 
Getting to know the Numicon 
Shapes  

Key mathematical ideas 
Pattern, Shape

Aim 
For children to be able to match 
Numicon Shapes to coloured 
pictures of the Shapes

Firm Foundations 3b 

Card title 
Getting to know the Numicon 
Shapes    

Key mathematical ideas 
Order, Comparison

Aim 
For children to use the language  
of size with Numicon

Firm Foundations 4a 

Card title 
Learning to put the  
Numicon Shapes in order  

Key mathematical ideas 
Order, Comparison

Aim 
For children to be able to  
put Numicon Shapes in order 
(working initially from 1-4,  
increasing gradually up to 1-10)

Firm Foundations 4b         

Card title 
Learning to put Numicon Shapes in 
order  

Key mathematical ideas 
Order, Comparison

Aim 
For children to be confident  
in knowing the order of  
Numicon Shapes 

Firm Foundations 5a 

Card title 
Getting to know the Numicon Shapes 
and patterns 

Key mathematical ideas 
Pattern, Shape

Aim 
For children to be able recognise  
the pattern of the Shapes without 
their colours

Activity Card Summary
The Firm Foundations Activity Cards are listed below,  
showing the Key mathematical ideas and Aim for each Card.  
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Activity 1  
 

photo 1

Activity 2  

photo 2

photo 3

Challenge

1

2

3

Getting to know the  
Numicon Shapes and patterns

6aKey mathematical ideas: 

OutsideLanguage Connecting Activities

Firm Foundations Kit

Activity 1  

photo 1

Challenge  

Activity 2   

photo 2

Using Numicon 

1

2

Giving the Shapes their number names

6b

Aim: 

Key mathematical ideas: 

OutsideLanguage Connecting Activities

Firm Foundations Kit
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Numbers as labels and for counting 

30-50 months Firm Foundations  Numicon Activity 
  card No. 

Use number names and number language spontaneously 2a, 2b Whilst playing with Numicon Children begin  
   to call the Shapes by their number names

Show curiosity about numbers by offering comments 1a, 1b Children using mathematically rich  
or asking questions in play   environment and interactive maths display

Use some number names accurately in play 2a, 2b Children may spontaneously call Numicon  
   shapes by their number names

Sometimes match number and quantity correctly 1a, 1b Counting

Recognise groups with one, two or three objects  1a, 1b Counting

40-60 months+ Firm Foundations Numicon Activity 
  card No. 

Recognise some numerals of personal significance 1a, 1b Counting

Count up to three or four objects saying one number 6b  Fill the holes 
name for each item 

Count out up to six objects from a larger group 6b, 7a  Using Numicon and Connecting Activities

Count actions or objects that cannot be moved 6b  Fill the holes 

Begin to count beyond 10 1a, 1b Follow Counting activities and use the  
   Numicon Display Number line

Begin to represent numbers using fingers,  7b  Using Numicon and Connecting activities 
marks on paper or pictures

Select the correct numeral to represent 7b  Give it a number 
1 to 5, then 1 to 9 objects 

Recognise numerals 1 to 5, then 1 to 9 7b  Give it a number  

Count an irregular arrangement of up to 10 objects 6b, 7a  Using Numicon and Connecting activities

Estimate how many objects they can see and  9a  How many without counting? 
check by counting them

Count aloud in ones twos fives or tens 1a, 1b Counting

Know that numbers identify how many objects are in a set 7a  Build it up 
  7b Give it a Number  
  8a  Number the Shapes, Spin a number,  
   Feel and Find 
  8b Picture the pattern 1, Count and check,       
   Picture the pattern 2

Planning and Assessment – Links to  
Mathematical Development in the  
Early Years Foundation Stage
To help with planning and assessment, the chart below shows how Numicon Firm Foundations  
Activities relate to children’s mathematical development in the Early Years Foundation Stage.

Numicon Firm  Foundations Kit

Planning and Assessment

Numicon Firm  

Foundations Kit
Planning and Assessment

Numicon Firm Foundations Record of Progress
The Record of Progress shows the small detailed steps of the Numicon Firm Foundations Teaching  
Programme. It is arranged in three parallel strands: Numbers as labels and for counting, Using  
Pattern and Calculating. We suggest that the Record of Progress is used where children’s progress  
needs to be very closely monitored and also as a general guide for planning and to give an overview  
of the teaching programme.

Numbers as labels and for counting 
Recognition and ordering of Numicon Shapes, Counting and Place values   

Child is able to: Numicon Firm Stepping Date 

   Foundations Activity Card Stone/ELG Achieved 

 1. Recite numbers to...  

 2. Match Numicon Shapes by colour

 3. Recognise Numicon Shapes by colour

 4.  Find Numicon Shape to match Numicon pattern  
built with Pegs on Base Board  1   2  3  4  5  6  7  8  9  10  
(focus on pattern children may not yet be using number  
names to identify the Numicon Shapes)

 5.  Build Numicon pattern with Pegs on Base Board in response  
to seeing the Numicon Shape  1   2  3  4  5  6  7  8  9  10  
(focus on pattern children may not yet be using number  
names to identify the Numicon Shapes)

 6. Count objects (one-to-one) to...

 7. Recognise numbers within stories and rhymes 

 8.   Find position of Numicon Shape on Numicon Number  
Line by matching

 9.   Find Numicon Shape in response to hearing the number  
name 1   2  3  4  5  6  7  8  9  10 

 10.   Name Numicon shapes (child says number name in response  
to seeing Shape) 1   2  3  4  5  6  7  8  9  10

 11.   Recognise numerals (child points to numeral in response to  
hearing the number name) 1   2  3  4  5  6  7  8  9  10

 12.   Name numerals (child says number name when shown  
numerals – out of order)  1   2  3  4  5  6  7  8  9  10

 13.  Remove 2 objects from a set of 10

 14.  Remove 5 objects from a set of 10

 15.  Remove 9 objects from a set of 10

 16.   Match numerals with appropriate Numicon Shapes  
1   2  3  4  5  6  7  8  9  10   

 17.  Find out how many to 10 without counting  
(by grouping objects into Numicon patterns)     
1  2  3  4  5  6  7  8  9  10

 18. Find the last number in a count to 10 on Numicon Number Line

 19. Begin write numerals 1-10

 20. Uses counting confidently in different situations   

 21.  Count on from any number within counting range (teacher  
establishes counting range by asking child how far s/he can count  
and then chooses a  number for child to count on from)

Name     Date of Birth  
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1

Number track for counting

Photocopy masters Firm Foundations Kit 2

Spinner Overlays

Photocopy masters Firm Foundations Kit
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