St Aldhelm’s VA Church
Primary School

A%

Calculation Policy
Autumn 2018

S | 2+1=3
m PICTORIAL ABSTRACT

?/
o\°0\Q|o

88® o e




This policy has been designed to teach children to develop conceptual understanding
through the progression of concrete, pictorial and abstract methods. This calculation
policy should be used to support children to develop a deep understanding of number
and calculation.

Using the concrete-pictorial-abstract approach:

Children develop an understanding of a mathematical concept through the three steps
(or representation) of concrete-pictorial-abstract approach. Reinforcement is achieved
by going back and forth between these representations.

Concrete representation The enactive stage - a pupil is first infroduced to an idea or a skill by
acting it out with real objects. This is a 'hands on' component using real objects and it is the
foundation for conceptual understanding.

Pictorial representation The iconic stage - a pupil has sufficiently understood the hands-on
experiences performed and can now relate them to representations, such as a diagram or
picture of the problem.

Abstract representation The symbolic stage - a pupil is now capable of representing problems by
using mathematical notation, for example: 12+2=6.

Part/Whole Model - Key Structures:
Addition and Subftraction are connected. Add parts together to equal the whole, whole

subtract part fo name the missing part.
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Pictorial Representation:

To aid consistency between year groups, the following images should be used and drawn
by children to represent numbers. The children do not need to record the colours, simply
the shapes, but where possible the colours should be used in teacher modelling and
classroom resources.

Million Hundred Ten Thousand Hundred Ten One
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Early Years

Ordinality:

Concrete:

Children place a range of physical dominoes in a
set order.

Pictorial:
Children match representations in a set order, for
example, using pictorial bear / number

Abstract:

Children fill in spaces on a partially filled number
track and create representations to show

Children physically line up ducks in a row and
verbally label them, e.g. “first /second / third.’

Children order slides with pictures of ducks, for
example, on the Interactive Whiteboard.
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dominoes. : different totals (extension) — helping pupils to
P make the transition from understanding
e ordinality to cardinality.
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Ordinal numbers:
Concrete: Pictorial: Abstract:

Children apply their understanding of ordinal
numbers, e.g. by using written 1%, 2™ and 3
labels and other related verbal language when

ordering objects. )
e B4

Cardinality:

Concrete:

Children use a range of structured and
unstructured apparatus, plus natural resources,
to create different number values.
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Pictorial:
Children recognise different number values that
are presented in pictorial forms.

gF
g |

Abstract:

Children are asked a range of questions that
allow them to show an application of
understanding related to cardinality, e.g.
Can you find a collection of...[objects]...to
represent six?

Can you show me six fingers?

Subitising:

Concrete: Pictorial: Abstract:
Children replicate a range of physical Children use picture prompts to practise their Children use finger paint to show various 1-6
representations, which they then verbally recognition of number representations. representations.
interpret without a need to count objects.
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Equality:

Concrete:

Children use physical equipment when learning
about equality (also inequality), and also use
related language, e.g. ‘the same as,’ ‘more than’
and less than.’

Pictorial:

Children use pictorial representations to show
equality or values that are ‘the same as,” whilst
also verbalising their reasoning, e.g. ‘pink and
green are the same as black..."

Abstract:

Children use the cherry model to record either
written numerals or pictorial representations
that highlight the concept of ‘the same as..."

1to 1 correspondence:

Concrete:

Children count various physical objects by
partitioning a group and finally recombining.
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Pictorial:
Children count the dots on the face of a pictorial
dice.

tra
Children draw dots to match the number of holes
that can be seen on a named Numicon shape.

Children write a number in each part of a muffin
tin and then put the appropriate number of
buttons in each section.
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Children match number cards to pictures of the
equal numbers of buttons.

66 )
¢ AG
[ lé@

Children cut out buttons equal to the number
shown on a number card.
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Conservation of number:
Concrete: Pictorial: Abstract:

Children explore whether the number of cubes
stay the same or change when they are moved
within a shape.

Pupils also count dolls and then put them in
different rooms before re-counting to check the
total. Hopefully they decide that if nobody has
left and nobody has arrived, then it must be the
same total even if some of the dolls have moved
rooms.

Pupils work with visual reminders of their
concrete experiences ~ to check how their
understanding around conservation of number
has changed.

Children are provided with opportunities to
further explore and prove their thinking. They
may be asked to put a total of dolls in the toy
house and then move them around. In order to
prove it is still the same total, they can take the
dolls and put them onto a number track, whilst
also applying their understanding about the
cardinal principle.
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Concept of zero:

Concrete:

Children use a shuffle box with up to ten objects
in. After the box has been shaken, pupils write
out the corresponding number sentence, e.g. 2 =

Pictorial:

Children use pictorial representations to see that
you can have an amount that’s called ‘zero.”
Pupils are required to count the number of

Abstract:

Children can be encouraged to represent written
number sentences by creating visual shuffle
boxes using finger paint, e.g. 5=0+5

1+ 1, depending on where the objects have
landed. Query what happens if there is nothing
on one side. Introduce to children the concept of
zero,eg. 2=2+0.

apples of a tree, and circle the trees which have
no apples.

Pupils should be able to grasp the concept of
zero to use within number sentences, e.g.
4=4+0..and verbalise ...

“I know that four is the same as four add zero.”

Counting on:

Concrete:

Children use physical objects to learn the skill. Children use a die to generate numbers and Children apply their understanding of this skill by
For example, they count on from the larger value | count on from pictorial representations of playing games such as ‘snakes and ladders.’

by using their fingers whilst pointing at each counters already positioned on a number track.
‘extra’ dot on the second side of a domino.
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In addition, pupils use counters on number tracks
to rehearse the process of counting on.
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Reception

Use of Numicon is another great way to help children develop mental representations of
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five SIX

10
ten

1
one two three four seven eight nine

« Say which number is one more or one less than a given number.

What is one
less than 5?
5 4

e four

These experiences and number representations will help children:

+ Reliably count the number of objects in a set using the numbers one to twenty.

1 2 3 4 5




Explore part /whole relationship

« Use objects to add two single-digit numbers by counting on to find the answer. Ll X L) 6+4=10
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| 244=6

4+3=7

« Use objects to subtract two single-digit numbers by counting back to find the
answer.
The first step into subtraction is to learn how to count backwards.

- @A Number Line B w Let's count
‘ ‘“ " . backwards
012345678910111213141516 17181920 from 14!

Children will then utilise this strategy to solve simple subtractions: ’3 ° ° ° o
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Solving problems using concrete and pictorial images.
Peter has 5 pencils and 3 erasers. How many more pencils than erasers does he have?

There were 4
ladybirds on a leaf.
How many will be

left if 3 fly away?

Double 2 Children wil experience equal groups of objects.
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How many secks
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Year 1

Combining two parts to make a whole (use other Children to represent the cubes using dots or crosses. They | 4+3=7
resources too eg. eggs, shells, teddy bears, cars). could put each part on a part whole model too. Four is a part, 3 is a part and the whole
is seven.
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Counting on using number lines using cubes or Numicon. | A bar model which encourages the children to count on, The abstract number line:
rather than count all. What is 2 more than 4?
What is the sum of 2 and 4?
What is the total of 4 and 2?
442

Learn number bonds to 20 and demonstrate related facts
Teach addition and subtraction alongside each other as pupils need to see the relationship
between the facts. .

8 (s 8 + &4 12
4 + 8 12
10

"on

6 4 '
_ @ 6+4=10 This is a family of addition | ‘\
L 2 N ; - :g : J_G:;g and subtraction facts. J
@ 0-4=5 o 10-6=4 6+4=10 Q
@ | 10-6=4 4+6=10
10-4=6 2 - 8 = 4
[ ) 10-6=4 & o 12 - 4 = 8
Tens Frame Part Whole Madel Bar Model
Regrouping to make 10; using ten frames and Children to draw the ten frame and counters/cubes. Children to develop an understanding
counters/cubes or using Numicon. of equality eg.
6+5 ryyyyvywvry
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Physically taking away and removing objects from a whole
(ten frames, Numicon, cubes and other items such as
beanbags could be used).
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4-3=1
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Children to draw the concrete resources they are using
and cross out the correct amount. The bar model can

also be used. H

Subtraction by counting back

Counting back (using number lines or number tracks)
children start with 6 and count back 2.

6-2=4
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Children to represent what they see pictorially e.g.

o
6|7
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Children to represent the calculation
on a number line or number track and
show their jumps. Encourage children
to use an empty number line
E -3 » ™

Finding the difference (using cubes, Numicon or Cuisenaire
rods, other objects can also be used).

Calculate the difference between 8 and 5.

SRS ——

Children to draw the cubes/other concrete objects which
they have used or use the bar model to illustrate what
they need to calculate.

Find the difference between 8 and 5.
8 - 5, the difference is D
Children to explore why

9-6=8-5=7 - 4 have the same
difference.

Making 10 using ten frames. Children to present the ten frame pictorially and discuss | Children to show how they can make
14-5 what they did to make 10. 10 by partitioning the subtrahend.
sieieieisl _ wrors o 14-5-9
—.00000 ____o0eee i =
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14-4=10
10-1=9

When subtracting using Dienes children should be taught to regroup a ten rod for 10 ones and

then subtract from those ones




Subtracting multiples of 10
Using the vocabulary of 1 ten, 2 tens etc alongside 10, 20, 30 Is very important here as pupils

need to understand that it is a 10 not a 1 that is being taken away
40=60-20 38-10=28
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Counting in multiples of 2, 5 and 10 from zero

Children should count the number of groups on their fingers as they
are skip counting.
4 groups of 2=8

2 3 3 2

two two
When moving to pictorial/written calculations the vocabulary is important
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How many apples o
there whogetrer?

3+3+3=9

This image represents two groups of 4 or 4 twice Solving multiplication problems using
repeated addition

Pupils should be taught to divide through working practically and the sharing should be shown
below the whole to familiarize children with the concept of the whole.

The language of whole and part part should be used.  © "
5\ \q\‘\ﬁr\i
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There are 4 boxes of 2 cans.




Year 2

Using concrete objects and pictorial representations to add 3 single digit numbers.

e

Using concrete objects and pictorial representations to add a 2 digit number and ones and tens.

25+3=28

L 1 J

20000

7+3+2= Jleadsto 10+ 2=

Eal
T 8]
I . . . tens ones
o0
2 5
... - k1
8
2 B

As with all written calculations, children must always start with the right hand column (ones).
Encourage children to count on rather than just counting in ones i.e count on from 5 in this example.
The box diagram can be compared to a window (4 boxes) and a windowsill (bottom row)

Using concrete objects and pictorial representations to add two 2-digit numbers

15+ 34=49
T o
0
I .o.o 15
0 +34
I %% %
4 9
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Leading to:

In order to promote the mental maths skills needed for the abstract stage, when a
regroup is needed, children should be encouraged to partition one of the numbers to
make a bond to ten with the other i.e in this example partition 5 intfo 4 and 1 as the 4
makes the bond with the 6. This partitioning should be encouraged rather than simply

counting in ones.

36 +25=41 Locking for ways to make 10
36+ 25= 30+20=50
5+5=10
35 50410 + 161
1 5 36
+25 Fomalmethod: 129
61
61 -

10 ones are regrouped (exchanged) into one ten which can be drawn pictorially as a
rod under the windowsill.

Using the bar to find missing digits.
It isimportant for children to use the bar in this way to encourage the use of it to aid with problem

solving.

HEIEH hﬁS 14 bmﬂd' 14 1 2
sticks, Her friend has s ; A .

17 Hownarydothey ] | .
have altogether? t

Using concrete objects and pictorial representations to subtract a 1-digit number from 2-digit

number.

48 -7 =41
Column method Pictorial 48-7=41
vsing diennes
T 0 48
0s [ 8 | [10s [ s II" Y69 m—
2o 7

‘lﬁ\‘: 41

4 1
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Using dienes and pictorial representations to subtract a 2-digit number from 2 digit number.

68 - 32 =36

s ¢

3 B

Greater Depth:
A double cross should be used to show where a regroup (exchange) has been made
so that it is not confused with the crossing out of subtraction.
Once regrouped, the subtraction should start from within the regrouped ten as this
promotes the partitioning skills needed for the abstract stage.

72-47=125
H

W] 3 e 22
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Recognise and use the inverse relationship between addition and subtraction

76 2

23 ? 23 | 53

Use to check inverse calculations

Skip counting in multiples of 2, 3, 5, 10 from 0
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Recall and use multiplication facts for the multiplication tables 2, 5 and 10.
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Repeated grouping/repeated addition
3x4

4+4+4
There are 3 equal groups, with 4 in each group.

Children to represent the practical resources ina
picture and use a bar model.

3x4=12
4+4+4=12

Number lines to show repeated groups-
3x4

Cuisenaire rods can be used too.

Represent this pictorially alongside a number line e.g.:

Abstractnumberlineshowingthree jumps
of four.

3x4=12

Use arrays to illustrate commutativity counters and other
objects can also be used.
2x5=5x2

i %

2lotsof 5 5 lots of 2

Children to represent the arrays pictorially.

(v]elolole]
O0000

Childrentobe abletouseanarray towritea
range of calculationse.g.

10=2x5
5x2=10
2+2+2+2+2=10
10=5+5

Sharlng usingarangeofobjects.

2D EeD
soneee

Represent the sharing pictorially.

6+2=3

3 3

Children should also be encouraged to use
their2timestablesfacts.

' Repeated subtraction using Cuisenaire rods above a ruler.
6+2

3 groups of 2

Children to represent repeated subtraction
pictorially.

Abstract number line to represent the equal
groups that have been subtracted.

13



Solve division problems in context using arrays

| can solve division as grouping.

Put 10 buns in groups of 2.
How many plates are there?

DD

Greater Depth with remainders
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13 + 4 = 3 Remainder 1

Year 3

Add two three-digit numbers.

Children need fo use equipment first to support their understanding of place value.

Children to progress gradually fo three digit + three digit starting without carrying and gradually
moving towards carrying.

As with all written calculations, children should start from the right hand side (ones in this example.

243 + 315 =_558

H T 0
| [T 243
+ 315
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o0 558
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243 + 368 = 611 243 + 368 = 611

[
H T s
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I VA 611
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10 ones are regrouped (exchanged) into one ten ‘under the windowsill’.
Then 10 tens are regrouped (exchanged) into one hundred ‘under the windowsill'.

In order to promote the mental maths skills needed for the abstract stage, when
regrouping is needed, children should be encouraged to partition one of the
numbers to make a bond to ten with the otheri.e in this example partition 8 into 7
and 1 as the 7 is the bond with the 3. This partition should be encouraged rather than
simply counting in ones.

Using the bar to find missing digits.

It isimportant for children to use the bar in this way to encourage the use of it to aid with problem
solving.

el de di

He sold another 86 balloons in the evening . How
many balloons did he sell in all?

A man sold 230 balloons at a carnival in the morning. _

Marning Afternoon

Subtract up to 3 digits from 3 digits.
Very important for children fo use dienes equipment along with a place value chart to support.

263-121= 142
. r 0
N “I“L o 263
- 121
C_ 142
1 : 2

Only when secure with the method should exchanging be introduced.

15



234-88= 234-88=

A double cross should be used to show where a regroup (exchange) has been made
so that it is not confused with the crossing out of subtraction.

Once regrouped, the subtraction should start from within the regrouped ten as this
promotes the partitioning skills needed for the abstract stage.

Using the bar to find missing digits.
It isimportant for children to use the bar in this way to encourage the use of it to aid with problem
solving.

315 315-185=7
185 ?  185+?=315
? 185 +315 = ?

185 = 315 ?-185=315

16



Children should be able to recall the 2, 5, 10, 3, 4 and 8 times tables.

Mulhply a two-digit number by a one digit.

uts

G
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Children use diennes and represent
them pictorially

23x 6=

H

VR

hmwmmmummquM T Chiidren 1o Mﬂmm
pictorially.

Children may use the ladder

method before the compact

| Chidren to be encouraged 1o show the steps
they have taken.

e”

A number line can aiso be used
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do they spend altogether?

/ﬁ\ 23
il 7 'Y 2 3
I (1Y} X &
[ N
/\\!Fﬂ.m. 18 3xé X 6
/ / o 120 20xé 138
=T 138 11
Using the bar to solve multiplication problems.
Whaole unknown
4 children go to the cinema. 7]
They each pay £15. How much 15 I 15 | 15 | 15

pose:

Dividing using short division.

Remind children of correct place value, that é

-
2

6°I
3

-How many 3sin 62 = 2, and record it above the é tens.

9 is equal to 60 and 9, but in short division,

17



-How many 3s in 92 = 3, and record it above the 9 ones.

Once children demonstrate a full understanding of remainders, and also the short division
method taught, they can be taught how to use the method when remainders occur within
the calculation (e.g. 42+3), and be taught to ‘carry’ the remainder onto the next digit.

As with addition and subtrcation, a double cross should be used to show a regroup
i.e in this example one ten is regrouped into ten ones.

Using the bar to aid the solving of division problems - grouping and sharing

60+4=15 28+7=4

60 28 |

15 | 15 | 15 | 15 7 7] 7] 7|
‘60 in four equal parts’ ‘How many 75 in 287"

Year 4

Adding numbers with up to 4 digits.

Again this should start with the children using dienes to support them with lots of discussion about the value

of each digit

18




Using the bar to find missing digits.
It isimportant for children to use the bar in this way to encourage the use of it to aid with problem
solving.
This is not a form of getting the correct answer but helping to guide children to the correct
operation.

Alison jogs 6,860 metres and Calvin

jogs 5,470 metres, How far do they
jog altogether?

To subtract with numbers up to four digits including exchanging when children are secure.
Children need to use dienes to support their learning.

- e a——

Using the bar to find missing digits.
It is important for children to use the bar in this way to encourage the use of it to aid with problem solving.

There are 3,160 booksin a shop. 1,226 are in Englizsh and
the rest are in French. Howmany French bookzare
there?

Children to know all times tables to 12 x 12.
Children multiplying both two and three digits by a one digit number using dienes.
When using dienes, encourage children to use their tables knowledge rather than counting in ones i.e 6 x5

rather than counting 30 ones.

19



Multiplying using the bar.

A computer costs 5 times as much as a
television. The television costs £428. Cost of the
computer

How much does the computer cost?

Dividing up to three digit numbers by a one digit number using short division.
Only when the children are secure with dividing a two digit number should they move onto a 3 digit
number.

With remainders

| 2 6 = 95= | 2 6= 5=

QO 25 ¢l
5[1‘226

Remind children of correct place value, that 124 is equal to 100, 20 and é, but in short division,
pose:

-How many 5sin 122 =2, and record it above the 2 tens.

-How many 5sin 62 = 1, and record it above the 1 one.

As with addition and subtraction, use a double cross for regroup.
Dividing using the bar.

Desmend and Melissa collect cards. They
hiave 152 cardsin all M elissa has three
fimes s many cards as Desmend. How
any cards dags Desmind have?

12
MMM

20



Year 5

Adding numbers with more than 4 digits including decimals
Using place value charts are key to this as well as place value counters fo help with the decimals.

| Zero used as
" | a place value
holder.

Using the bar to find missing digits.
It isimportant for children to use the bar in this way to encourage the use of it to aid with problem solving.

This is not a form of getting the correct answer but helping to guide children to the correct
operation.

MacDonalds sold £9957.68 worth of )
hamburgers and £1238.5 worth of ;
chicken nuggets. How much money did
they take altogether?

£12385

Subtract with at least four digit numbers including two decimal places.
Include money, measures and decimals ensuring that children do this practically before the abstract.
Subfract with decimal values, including mixtures of integers and decimals, aligning the decimal point.

3¥05 S =

- 21728 '

7 R997 R %6z
- =1 ]

a2

AT 0
-315
6796 - 5

Using the bar to find missing digits.
It is important for children to use the bar in this way to encourage the use of it to aid with problem solving.

Awhoale to Lapland costs £5005 for a family of four,
the Smith's have only saved £3787.75, how much
maney do they still need to find?

£5005
£3787.75

21




Multiplying up to four digit numbers by two digits using long multiplication.
Children need to be taught to approximate first, e.g. for 72 x 38, they will use rounding: 72 x 38 is
approximately 70 x 40 = 2800, and use the approximation to check the reasonableness of their answer.

36572 |

234
X | b
_th_ 7 L ‘f L (1234x6)
:] ‘% !6 123L0 (1234 x 10)
19 7 4 4
When children start to multiply 3d x 3d and 4d x 2d etc., they should be confident with the abstract: 1 : :
To get 744 children have solved 6 x 124, 144
To get 2480 they have solved 20 x 124, 1480
321114
11
Answer: 3224

Using the bar to support multiplication.

The costtorun a sports centre is £4375 a
week, how much would it costto run for 16
weeks?

i

£4375
awesk

Diving with up to four digit numbers by one digit including numbers where remainders are left.

Short division with remainders: Now that pupils are infroduced to
examples that give rise to remainder answers, division needs to
have a real life problem solving 0 6 6 3 —~ 5 contfext, where pupils consider the
meaning of the remainder and S~ S 2L how to express it, ie. as a fraction, a
decimal, or as a rounded 8) 5 3 O q number or value , depending upon the

context of the problem.

Using the bar to support division problems.

Bar Model to support understanding of problem solving: 9205 :T*“,f,,,
Frank has 4920 apples. He needs fo —

put them into baskets of 40. How many

baskets does he need? (40 [0 %0]%5 [40] 99 10)

22



Year 6 (supporting tfransition into Year 7

Adding several numbers with up to three
decimal 2 3.3 6 | Adding several numbers with different numbers of places.
decimal places (including money and measures):
9-080C
5 q .7 7 0 . Tenths, hundr'e_dths arl.-:_i ThuusandT_hs sho_uld
+ | - 3 OO0 be correctly aligned, with the decimal point
:‘ :ib) . % | ] lined up vertically including in the answer row.

Empty decimal places should
be filled with zero to show

Adding using the bar.

Jack went on holiday. His flight cost £70.50, 5
the hotel £1295 and spending money £427.89. )
did Jack d on his holiday?
How much did Jack spend on his holiday £70.50 £427 89 -

i

Subtracting with increasingly large and more complex numbers and

i Y'B@% 99
decimal values. — 249449
Very important to use in a range of contexts- measures and money. 0750

TSR i,

-_ 36 080k

69 339k

Using the bar for subtraction.

Chloe wants to buy a newcar for £5450. She has £4885.87 in her

savings account. Her Dad gives her £150 for her bithday How
much more money does she need to save?

£6450

£4885.87 £150 7

Short and long multiplication with up to two decimal places.
2 3 6 8
X 3 4
9 4 7 2 319
25 2 3
7 1 0 4 0 X 8
! 2 2 1 5 ’ 5 1
8 0 5 1 2 T T
1 1

23



Using the bar to help with multiplication.

If 5 friends went on holiday and each paid
£579.75 what was the total cost of the
holiday?

Cost of the
holiday

£519.75

Divide at least 4 digits by both single-digit and 2-digit numbers (including decimal numbers and quantities)
Short division with remainders: Pupils should continue to use this method, but with
I 2 5 numbers to af least 4 digits, and understand how to express remainders as fractions,

o) - 'I & decimals, whole number remainders, or rounded numbers. Real life problem solving
e q 70 O*) contexts need to be the starting point, where pupils have to consider the most

appropriate way to express the remainder.

Long division this is for when dividing by two digit numbers.

() Division
? 564 + 13
43.38 ML
13(5 64.°0"0 g 12
564 + 13 20 26
=43 r5=43 % = 43.4 (to 1dp)
Try this equation; 848 = 16 |
Approximation 800 = 16 = |[50
'D 3 F%:ﬁr;ﬁ.

16 | 8 8 |E———

B
4
- E 0 undresy coirm
4
4

[T |
| Pb reTaindcre |

= -a0- 4

8
8 e
0

Using the bar to help divide.

Paul and David hire a cartogether at a cost of
£297.50. Paul pays 6 times more than David.
How much does David pay?

£297.50

| . H_J

Paul

David
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