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Early maths matters: 
those who start behind 
stay behind- and the gap 
widens in primary 
school EEF, 2020

Early Intervention Foundation, 2018:

Children’s understanding of number during preschool is 
consistently associated with their mathematical 
achievement in primary and secondary school. 
The ages of 3 to 5 are therefore considered an ideal time 
to rectify income-related learning gaps in children’s 
understanding of numbers. 
Mathematical achievement in turn is consistently found to 
be the strongest predictor of children’s overall school 
achievement and their success in entering the workforce.



What research tells us:
Mathematical predictors

• parents’ education and home learning EIF, 2018

• self-belief OECD, 2012

• mathematical reasoning Nunes & Bryant, 2012

• number sense Nunes & Bryant, 2009, EIF, 2018

• patterning Rittle-Johnson et al, 2016 

• spatial reasoning Hawes & Ansari, 2020    

Simon Lewis



Statutory Mathematics Educational Programme

Developing a strong grounding in number is essential so that all children develop 
the necessary building blocks to excel mathematically. Children should be able to 
count confidently, develop a deep understanding of the numbers to 10, the 
relationships between them and the patterns within those numbers. By 
providing frequent and varied opportunities to build and apply this 
understanding - such as using manipulatives, including small pebbles and tens 
frames for organising counting - children will develop a secure base of 
knowledge and vocabulary from which mastery of mathematics is built. 

In addition, it is important that the curriculum includes rich opportunities for 
children to develop their spatial reasoning skills across all areas of 
mathematics including shape, space and measures. It is important that 
children develop positive attitudes and interests in mathematics, look for 
patterns and relationships, spot connections, ‘have a go’, talk to adults and 
peers about what they notice and not be afraid to make mistakes.

EYFS Statutory Framework 2021



Early Learning Goals 2021 
Removed: Shape, space and measures and problem solving

Number (in red: no research evidence)
Children at the expected level of development will: 
• Have a deep understanding of number to 10, 

including the composition of each number; 
• Subitise (recognise quantities without counting) up 

to 5; 
• Automatically recall (without reference to rhymes, 

counting or other aids) number bonds up to 5 
(including subtraction facts) and some number
bonds to 10, including double facts. 

EYFS Framework 2021



Numerical Patterns ELG 

Children at the expected level of development will: 
• Verbally count beyond 20, recognising the 

pattern of the counting system; 
• Compare sets of objects up to 10 in different 

contexts, recognising when one quantity is 
greater than, less than or the same as the other 
quantity; 

• Explore and represent patterns within numbers 
up to 10, including evens and odds, double facts 
and how quantities can be distributed equally. 



Number sense: a feeling for numbers

Counting     - sequence and synchronisity
Cardinality -‘how manyness’
Comparison – order and relative size
Composition - numbers made up of other 
numbers

NCETM 



Number predictors 
for 5 year olds 

• counting out a number from a larger group (EIF, 2018)

• understanding cardinal and ordinal numerals 
(Schneider et al, 2017)

Give me 9

How many is 3?

Where does 3 go?

Cardinal 3 - an amount
Ordinal 3 - a position



Counting 
It can take 4 years to learn

to count to 20

number sequence  - teen numbers: 13,14,15
- crossing boundaries 29/30

tagging 1 - 1 - co-ordinating saying & pointing 

cardinal principle    - last number is ‘how many’



How to teach 
cardinal counting

1, 2, 3, 4. 
There are 4 buttons.

Subitising up to 4 helps children 
to understand cardinal counting

Paliwal & Baroody (2018, 2020) 
Cahoon et al. 2021



Subitising

Learning Trajectories https://learningtrajectories.org/ Number talk images ntimages.weebly.com

https://learningtrajectories.org/
http://ntimages.weebly.com/photos.html


Counting collections
Gripton & Pawluch 2021

Choose:
• what
• how 
• record



Assessing
object counting

Can you give 
teddy 5 buttons?

ECMG ChIPs informal assessments
https://earlymaths.org/chips/

https://earlymaths.org/chips/


Numerical patterns 



Automatic recall: not abstract number bonds
5 friends in the tent 

5 friends counting (animation)
Griffiths, Back & Gifford (2016) Making numbers

5 go in: one comes out 5 go in: 3 come out



https://birthto5matters.org.uk/
download-or-buy-a-copy/

https://birthto5matters.org.uk/


A pedagogy for number sense:
playful, practical and outdoors 

• meaningful contexts
• routines –tidying up, snack time, 

register
• games: collecting, targets, hiding
• number rhymes 
• picture books 



Number rhymes

One, two, three, four, five, once I caught a fish alive

Number rhymes support children’s learning about numbers: 
• music 
• fingers
• numerals

https://youtu.be/thTysPVvSSQ


Share the biscuits between two - then the doorbell rings…

Problem solving



Sharing helps 
understanding of 
division and 
fractions

Vary problems: 
– numbers 
– remainders
– contexts 
– objects 



Children representing their thinking

Fiona O'Shea, Milton CoE Primary School



More than ever before, living and working in the 21st century requires the “four Cs” 
– creativity, critical thinking, communication and collaboration             OECD 2016



Patterning

We found that early patterning ..knowledge was a unique 
predictor of later mathematics achievement, over and 
above other mathematics and non-math skills.

Rittle –Johnson et al (2016, 2019)

Abstracting patterns is the basis of structural knowledge,
the goal of mathematics learning Warren 2005 (cited by M&M, 2009)



The beginnings of pattern 
awareness

What makes it pattern?
Which bits are the same?

Reflecting, rotating, radial Growing - or shrinking Repeating



 Progression in 
patterning: 

• copy, continue, create, beyond AB
• fix errors
• identify the unit
• continuous patterns



Identifying the pattern unit

Can you split these patterns into parts that are the same?

https://twitter.com/berniewestacott/status/1631668815661547520?s=20

Patterning assessments https://earlymaths.org/pattern-chips/

AB, ABC, ABBC patterns ABBA

https://twitter.com/berniewestacott/status/1631668815661547520?s=20


Symbolising and 
generalising

Sean made a pattern with bears.
Simon told him it was an ‘ABBC pattern’.
Sean: So it could be dog, cat, cat, sheep?

4 year olds using AB labels helps 
to generalise pattern structures                                   
Fyfe et al, 2015

Symbolising action patterns



Spatial reasoning
Visualising spatial relationships 



What does spatial reasoning 
involve? 
Visualising and predicting

Shapes & properties
curved/straight, corners & sides
composing and decomposing

Spatial relations
positions & directions
transformations
navigation 

Perspectives
models, maps, 3D / 2D   



Spatial reasoning and careers

Verdine et al. 2017

The relation 
between spatial 
ability and 
mathematics is so 
well established 
that it no longer 
makes sense to ask 
whether they are 
related.

Hawes & Ansari, 2020



Spatial thinking plays a fundamental role in 
how people conceive, express, and perform 

mathematics. .. 
                 

              Hawes & Ansari, 2020



Spatial representations 
help children 

understand number 
relationships



..Spatial thinking can be improved in people of all 
ages and through a wide assortment of training 
approaches.     Hawes & Ansari, 2020

Optimizing spatial performance 
may be an underutilized route 
to improving mathematics
achievement. Verdine et al (2017: 93,102)

Girls and other underrepresented groups are
harmed in their progression in mathematics due to
lack of attention to spatial skills.   Sarama & Clements, 2009



Which spatial skills predict maths?

Puzzle play Levine et al, 2012 

• Shape rotation Lauer & Laurenco, 2016

• Combining and positioning shapes Verdine et al, 2017

Construction 
Wolfgang et al, 2003 



Do we provide a 
progression in puzzles?

focusing on:
- shape properties, 
- flipping and turning
- visualising https://earlymaths.org/

mathematical-moments-3-4-5-year-
olds/

Alphabet jigsaw

https://www.learningtrajectories.org/pages/resources

https://earlymaths.org/
https://www.youtube.com/watch?v=zbxW4OoWsLU


Blockplay – development 
• stacking, assembling pieces
• composite shapes eg arches; trial and error
• plans composite shapes, towers of arches
• complex with repeated units; stairs
• units of units; ceilings Clements & Sarama (2009)

- story contexts  
structure challenges

- making 3D models      
from 2D photos



Spatial 
relations

• obstacle courses
• small world play
• route finding
• treasure hunts
• robots 
• models & maps

Mulligan et al 2020

Cohrssen & Pearn (2019) 
Sharon Palfreyman Corrie Nursery



How do we teach spatial 
reasoning?

• body awareness
• spatial awareness
• large scale movement & toys
• language and gesture    
• goal–oriented activities
• encouraging visualisation
 

curved, straight, slanting, 
twisty, roof-shaped, star,
corner, edge, right angle, 
concentric, spiral

More specific vocabulary More varied shapes



ECMG spatial reasoning toolkit



ECMG Spatial booklist
https://earlymaths.org/spatial-books/

Google docs



ECMG Spatial reasoning Toolkit Posters



Ofsted’s definition of teaching - in both EIFs:
“Teaching is a broad term that covers the many different ways in which adults help 

young children learn. It includes their interactions with children during planned and 

child-initiated play and activities: communicating and modelling language; showing, 

explaining, demonstrating, exploring ideas; encouraging, questioning, recalling; 

providing a narrative for what they are doing; facilitating and setting challenges. It 

takes account of the equipment adults provide and the attention given to the physical 

environment, as well as the structure and routines of the day that establish 

expectations. Integral to teaching is how practitioners assess what children know, 

understand and can do, as well as taking account of their interests and dispositions to 

learn (characteristics of effective learning), and how practitioners use this information 

to plan children’s next steps in learning and monitor their progress”. Ofsted 2022: para 175, 

Ofsted 2022: para 393



• being playful 
e.g. deliberate mistakes

• sustained shared thinking
Guided play (Skene et al, 2022)
• a developmentally appropriate 

learning goal 
(eg: using a learning trajectory)

• child autonomy / control
• adult guidance

– providing sensitive hints/prompts 
– modeling
– joining in the play [co-play]
– adapting to the individual

The adult role

“Most of us probably have a good 
idea what it takes to get our young 
children to love reading. Snuggling 
up with a favourite book at bedtime, 
for example, sends a clear message 
about the value of reading. 
But what about a love of math?”  
https://earlymath.erikson.edu

https://earlymath.erikson.edu/


Websites
Learning trajectories
https://www.learningtrajectories.org/

NCETM 
https://www.ncetm.org.uk/resources/52505

   
Erikson
https://earlymath.erikson.edu/?s=Spatial+reasoning

DREME TE
https://dreme.stanford.edu/

NRICH
https://nrich.maths.org/13375

Early Childhood Maths Group
https://earlymaths.org/spatial-reasoning-toolkit/

https://www.learningtrajectories.org/
https://www.ncetm.org.uk/resources/52505
https://earlymath.erikson.edu/?s=Spatial+reasoning
https://dreme.stanford.edu/
https://nrich.maths.org/13375
https://earlymaths.org/spatial-reasoning-toolkit/
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