Maths in the EYFS

What are the priorities for
our youngest learners?

Sue Gifford




Early maths matters: i g
those who start behind
stay behind- and the gap

widens in primary oot unsaons
school EEF, 2020 hﬁ

Achievement

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 er 2013
self-belief oecp, 2012
mathematical reasoning nunes & sryant, 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;

e Subitise (recognise quantities without counting) up
to 5;

e 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:

e Verbally count beyond 20, recognising the
pattern of the counting system;

e 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
guantity;

 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
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Cardinality and Counting Comparison

NCETM

m) two or more smaller numbers

Counting - sequence and synchronisity
Cardinality -‘how manyness’

Comparison — order and relative size
Composition - numbers made up of other
numbers



Give me 9

e counting out a number from a larger group (Eir, 2018)

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

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

N
¢

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



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:
e what
 how
e record

Show how you counted your collection:
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Assessing
object counting

Can you give
teddy 5 buttons?

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



https://earlymaths.org/chips/




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

*

x

How|many/inthelfen?

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

5 goin: one comes out 5goin: 3 come out



il Comparison

1 7 » Uses number names and symbols when comparing
A numbers, showing interest in large numbers

» Estimates of numbers of things, showing
understanding of relative size

Counting

# Enjoys reciting numbers from 0 to 10 (and beyond)
and back from 10to 0

» Increasingly confident at putting numerals in order
0to 10 (ordinality)

Cardinality

# Engages in subitising numbers to four and maybe
five

» Counts out up to 10 objects from alarger group

» Matches the numeral with a group of items to
show how many there are (up to 10)

Composition

» Shows awareness that numbers are made up
(composed) of smaller numbers, exploring
partitioning in different ways with a wide range of
objects

» Begins to conceptually subitise larger numbers by
subitising smaller groups within the number, e.g.
sees six raisins on a plate as three and three

» |n practical activities, adds one and subtracts one
with numbers to 10

» Begins to explore and work out mathematical
problems, using signs and strategies of their own
choice, including (when appropriate) standard
numerals, tallies and *+" or ™"

RANGE
6

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

» Model comparing numbers in problems about fair shares.

# Play games such as hide and seek that involve counting, forwards
and backwards.

= Talk with children about the strategies they have used to solve a
problem. Spot opportunities to playfully pose composition problems
for children to explore.

# Discuss the order of numbers in context, e.g. finding a page number.

# Enjoy subitising games and sustained shared thinking about number,
indoors and outdoors.

# Encourage cardinal counting by saying how many there are after
counting (...4, 7, 8. There are 8 balls).

# In everyday activities, ask children to count out a number of things
from a group (e.g. Could you get seven cups for snacktime?)

# Encourage children to make predictions and visualise the outcome
in stories, rhymes and songs if one (or two) is added or taken away.

# Talk to children about the marks and signs they use to represent
and communicate their thinking. As appropriate, model and discuss
informal and standard ways (e.g. using arrows, plus and minus signs).

# Begin to model calculations in mathematical stories and number
rhymes and in real contexts, using a range of ways of representing
(e.g. five-frames). Use both informal and standard ways to record
these, including tallies and symbols. Discuss children's own graphical
strategies to solve problems, using some vocabulary of addition and
subtraction.

Guidance
sikTH TO s by the sector,

LGB R 3T For the sector

Birth to 5 Matters:
Non-statutory guidance for the
Early Years Foundation Stage

From the Early Years Coalition

www.birthtoSmatters.org.uk

# Involve children in voting, e.g. for books to read
at story time, using linking cubes with children’s
names on.

» Discuss examples and display large numbers
including hundreds, thousands and a million.

= Jump with children along a number track, counting
each jump or counting on.

» Sing counting songs and count together forwards
and backwards, sometimes starting from different
numbers and in different step sizes. Discuss
numbers coming before, after and between and
stress patterns.

= Plan opportunities to order mixed-up numerals.

« When counting groups as part of routines, e.g.
self-registration with ten-frames, dinner chart etc,.
record the final total as a label for children to see.

# Subitise with children, talking about how they
see numbers of things made upin a variety of
arrangements (e.g. recognising odd and even
numbers).

# Pose everyday estimation problems and establish
mental estimation benchmarks, e.g. more or less
than 10.

» Set up an estimation station where everyone
records guesses; later count and order the guesses.

# Build counting and ways of representing numbers
into everyday routines.

* Provide numeral cards for children to orderon a
washing line.

# Play subitising games which involve quickly
revealing and hiding numbers of objects, perhaps
showing numeral cards and fingers.

» Drop marbles into a tin and ask the children to listen
(without looking) to count how many there are.

# Provide opportunities for children to match a
number of objects to the numeral, including zero,
and display number lines to 100 at child height.

» Provide dice, board and card games, sometimes
involving older children, families and members of
the local community.

» Provide resources to make “staircase” patterns
which show that the next counting number
includes the previous number plus one.

# Display children's mathematical representations,

inclndine avnlanatinne ~F tha childran’c maasnine


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

ob* CBeebies: Something Special - 1, 2, 3, 4, 5 Once | Caught a Fish Alive - Nurs... D

Copy link
o ’
- 'X /(
?' 5. -x{._

-
-,

MORE VIDEQS

» o) 007/043 B & Yoilube [

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

Number rhymes support children’s learning about numbers:
* Music
e fingers
 numerals


https://youtu.be/thTysPVvSSQ

Problem solving

Share the biscuits between two - then the doorbell rings...



Ekanipleé for teachers

Sharing helps

understanding of o |
division and e
fractions N

Researchers: Professor Rose Griffiths | DrJenniE

Vary problems:
— numbers
— remainders
— contexts
— objects




Children representing their thinking
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Fiona O'Shea, Milton CoE Primary School



The characteristics of effective
teaching and learning

In planning and guiding what children leam, practitioners must reflect on
the different rates at which children are developing and adjust their practice
appropriately. Three characteristics of effective teaching and leaming are:

* playing and exploring - children investigate and experience things,
and ‘have a go’

* active learmning - children concentrate and keep on trying if they
encounter difficulties, and enjoy achievements

* creating and thinking critically - children have and develop their own
ideas, make links between ideas, and develop strategies for doing things

Statutory framework for the EYFS

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



Patterning

CHILD DEVELOPMENT E

Child Development, oo 2016, Volume 00, Number (1, Pages 1-16

Early Math Trajectories: Low-Income Children’s Mathematics Knowledge
From Ages 4 to 11

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)
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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




Progression in
patterning:

copy, continue, create, beyond AB
fix errors

identify the unit
continuous patterns

&




Identifying the pattern unit

AB, ABC, ABBC patterns

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

https://twitter.com/berniewestacott/status/16316688156615475207?s=20

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


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?

Aty

4 year olds using AB labels helps Symbolising action patterns

to generalise pattern structures
Fyfe et al, 2015



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

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

Education

Law

Social Science
Humanities
Dentistry

Business

Medicine
Performing Arts
Biological Science

Visual Aris

Decupation at 11-vear Follow-Lip

Physical Science
Math/Computer Sc.

Engincering

4.3 0 0.3 I
Standardized Spatial Scores in High School (2-scores)

Fig. 1. Spatial Scores in 9th-12th Grade and Reported Occupations 11 Years Later,

Verdine et al. 2017



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

mathematics. ..

Hawes & Ansari, 2020
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.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
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Girls and other underrepresented groups are
harmed in their progression in mathematics due to

achievement. verdine et al (2017: 93,102)

lack of attention to spatial skills. sarama & clements, 2009



Which spatial skills predict maths?

o Shape rotation Lauer & Laurenco, 2016
e Combining and positioning shapes verdine et al, 2017

Puzzle play Levine et al, 2012 Construction
Wolfgang et al, 2003



Ea Pattern Block Puzzles-15 3 Pattern Block Puzzles-17
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https://www.learningtrajectories.org/pages/resources

Do we provide a
progression in puzzles?

focusing on:
- shape properties,
- flipping and turning BLELYS @

Alphabet jigsaw
JRETES GROVE

= Vi S u a | i S i n g https://earlymaths.org/

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



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
. ructure challenges

- making 3D models

a F from 2D photos




Mulligan et al 2020

Spatial
relations

The Seeret Birthday Message
By Eric Carle

obstacle courses

small world play
route finding
treasure hunts

robots

models & maps

Cohrssen & Pearn (2019)




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 varied shapes More specific vocabulary




ECMG spatial reasoning toolkit

Spatial Reasoning

Gand7

Children are learing to... Adults might... The envircnment migiht include....
Imterpret and predict what and how wihiat it might look from the back or top. | to make zig-zag folds and out ouwt people
things will appear from different Show the actual moded, wiew it from shapes holding hands (paper dolls).
viewpaoints (perspective—taking). different perspactives and discuss how . . .
including when partizlly obscured or it looked the same or different in their ::‘.Jg Eleﬁﬂgﬁg:ﬂaﬁeﬁe magec
from abowe (plan view). hiead. _
Imterpret and make 30 models Support children to build more comiplex Resources and examples for making

and simple 20 maps of familiar
emdranmeants, identifying the
representation of the real world
feature.

When drawing maps of familiar routes,
place things at approximately cormect
relative distances e.g. near my home

Begin to use proportional language
&.g. halfwoy, middia.

Mavigate simple routes. Plan a simple
route in 2 familiar environment using

lamdmarks.

constructions, using exploded model
diagrams, £.q.

Encourage them to notice smialler

units of combined shapes within
madels. Encourage children to create
diagrammatic instructions, with drawing
or writing, for others to make a madel.

Construct Lego marble mazes |
roadways together, discuss laft
and right, forwards and backwards.
Encourage problem solbving.

Create a classroom, school or
playground map and give directions
[referencing landmarks along the way)
to find specific places or hidden items.

paper snowflakes: paper folded in half,
thien in three, to cut out designs on
the fold.

Images of constructions made with
blacks (including exploded models) for
children to discuss, compare and improve
upon. Consider a° club” with family
membiers or clder tﬁ;ren.

Clipboards and pens for children to draw
their models and design new ones.

Plan views |or cblique views which are
niot quite abowe) of envircnments je.q.
cla=zsroomi. Perhaps, use paper maps for
role-play (e.g. trawel sgents) and Google
maps for aeral photographs to identify
familliar routes viewing them from abowve
&.g. from schoal to the park or shops,
from home to school.

Plenty of opportunities to practise and
develop confldence in playing bat and
biall, ower vanying distances.

Play at rolling balls down ramps and
catching it, encourage children to imeent
thieir ocwm anticipatony games.
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ECMG Spatial booklist

https://earlymaths.org/spatial-books/

Shark in the Park Mick Sharratt Perspective as Timothy Park 'sees’ a shark's fin
his telescope

hittps:/hewew youtube. comiwatch ?v

=24cUS3ImBEWY
Ruth Brown See the world through the eyes of Slimy Snail as he
travels up, through, into, over and down.
SNAIL TB.ML
Snail Trail
hitpsuiivouty be/Q3eBroJNZ 1w

Directions (‘down the hill' and "across the field') and
the route they travel on their journey to have a picnic.
Map making possibilities.

We're going on a picnic

hitps:fyoutu. be/b5TI9BgI5ve Pat Hutchins
Grandfather™ Story accompanied by rearranging tangram pieces to
Tang's Story make the story animals.
| afd]

| el Grandfather's Tang Story
hittps:ilyouty be/R7 vieFyxYU

Wbl Aorslrow! T'srir

Ann Tompert




ECMG Spatial reasoning Toolkit Posters




“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



“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

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


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/

! & € Shapes o !
! @ Composing 2D Shapes o !
! @ Disembedding Shapes o !
! @ Composing 3D Shapes o !

+ & Spatial Visualization and o
| Imagery |
! @ Spatial Orientation © !



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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