Hillside Calculation Policy

At Hillside, uwre use the CPA approach within our maths lessons (CPA - Concrete/ Pictorial/ Abstract) The CPA approach hutlds
on children’s existing knour[edge b% Lntrcrducuxg abstract concepts in a concrete and tanngLe way. It involves mowving Jlrom concrete materials, to

pictorial representations, to abstract sgmbo[s and probLems. The dLHLerent stages are deJﬁLned in detail belour.

Concrete step of CPA

Concrete s the “dotng" stage. Durtng this stage, our children use concrete obhjects to model prob[ems. Unlike traditional maths teaching methods where
teachers demonstrate how to solve a problem, the CPA approach bhrings concepts to life by allowing children to experience and handle physical

(concrete) ohjects.

For examp[e, LJL a prob[em involwves addtng pieces oﬁ ;rutt, children can ;Lrst handle actual (ﬁrult. From there, they can progress to hand[Lng
maanuLatL\res such as counters or cubes which represent the (ﬁrutt.

Pictorial step o-‘p CPA

Pictorial is the “seeing” stage. Here, visual representations of concrete ohjects are used to model problems. This stage encourages our children to make

a mental connection between the physical obhject they just handled and the more abstract pictures, diagrams or models that represent the ohjects [rom

the problem.

BuLLdLng or draurtng a model makes it easter ﬁcrr children to grasp dLﬁ}LcuLt ahstract concepts (J:o-r examp[e, J:ructto-ns). SmeLL& put, it he[ps children
visualise ahstract prcrb[ems and make them more accessthle.
Ahstract step chl CPA

Abstract is the “aymbcﬂtc" stage, where children use ahstract sgmbcﬂs to model probtems. Olﬁten, our children will not progress to this stage until theg

have demonstrated that thet& have a solid understandtng ch: the concrete and chtcrrLaL stages crlﬁ the prcrblem. The abstract stage involwves the teacher



Lntrcrduang abstract concepts (}crr exampte, mathematical st&mbols and numerals). Children are introduced to the concept at a sgmboLLc level, using OHLLJ

numhers, notation, and mathematical aymbols (J:crr exampte, + -, x, /) to indicate addition, muLtLpLLcathn or division.

It is important to recognise that the model we use is progressive. BL{} the end of KSI, cur children need to he ahle to go begcrnd the use of concrete
equipment to access Learntng using either chtorLaL representations or abstract understandLng. What is important, there}crre, is that all learners, howewver

oung, can see the connections hetureen each representation.
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We also use the philosophy of:
- fluency
- reasoning
- problem-solving

Mathematical fluency skills helps children think faster and more clearly, it is the ability to accurately recall mathematical concepts and [acts. Having
these cructal skills gives children the energy, attention and [ocus to tackle complex problem-solwving and reasoning questions. Mathematical reasoning
is the process O’J: app[yLng LochaL tthkLng to a situation to derive the correct pro-btem soL\ang strategy J:or a glven guestion, and using this method
to develop and describe a solution. It is the bridge betureen [luency and problem solving. It allows ocur children to use the former to accurately carry
out the latter. At Hillside, we do not see problem solving as something that some pupils can do and some cannot. We helieve very child is bhorn
with an innate level O'J: prob[em—so[ang abLLLtL&. Our ubLLLtL& to successtﬁuul& pro-b[em solve requires us to have a deep understandtng o-J: content and
fluency of [acts and mathematical procedures. Critical thinking processes such as reasoning and problem solving —are intimately intertwined uwith
factual knowledge that is stored in long-term memory. Embedding information to the long term memory underpins our curriculum offer and we work
hard to emhed metacognition into our Leurnu\g and e\rergdaté Lar\guage to ensure children are tthkLng ahout thetr LearnLng and how theg can retain the

information they have learned.

The aim is that when children leave Hillside theg:

. Have a secure knouledge OJL number ﬁacts and a good understanding 0} the J:our calculation ocperations (addition, subtraction, multiplication and
division)

. Make use oJL jottings, diagrams and Lr\}ormuL notes to help record steps and part answers when using mental methods that generate more
Ln’ﬁormahon than can bhe kept in their heads

. Have an eJL}LcLent, reltahle, written method cr} calculation J:or each operation that they are ahle to apply with con}Ldence when they are unahle

to perﬁorm a calculation mentaUg



Progresston in Calculations

Addition

ObJectLv-e Concrete Pictorial

O.I'ld.

Abstract

Strategles
Year | Addition

Given a number, Ldentt{ﬁg one more and one less

Represent and use number bonds and related subtraction Jlacts within 20

Solve one-step prob[ems that involwve addition and subtraction, using concrete obéects and

chtorLaL representattons, and mLssLng number prob[ems such as

7 - 0O - 9.




CombLnLng
two parts

to make a

whole: Part,
part- whole
model

Use pictures to
add two numhbers

together as a

group or in a bar.

Use the part-part

whole diagram as
shown abowve to
mowve into the

abstract.




Starting at the
bigger number

Start with the [arger number on
the bhead string and then count
on to the smaller number one hy

one to [ind the answer.

2 + 5 =17

L | N N I U [ S
5 ¢ ¢ +« 1+ ¢+ '+ 1 1T 1T 1 1

10 112 13 W4 15 16 17 98 19 20

Start at the [arger number on the
number line and count on in ones or in

one jump to J;'Lnd the answer.

2 + 5 =17

Place the larger numher
in your head and count
on the smaller numhber to

find your answer.

Regrouping to
make 10.

This is an
essential skill
for column
addition later

on.

Start with the bigger number and

use the smaller number to make

10.

6 +5 =l

Use ptctures or a numhber line. Regroup

or partition the smaller numhbher to make

10.

6 + 5 |l

I T am at six, how
many more do I need to
make 10?7 How many more
do I add on now to get
to 117

S5 = |
\

5 I

.
4\

Represent and
use numher
bonds and
related

Emphasts should he on
the language:
2 more than 5 s equal

to 7




subtraction 2 more than 5 2 more than 5 ts 7

}acts within “7 ts 2 more than 5
20.

Use o} STEM sentences to

promote this language:
‘" more than _ (s equal
to _

‘" more than _ is __
_is _ more than __

Ob,Ject'L\re and Concrete Pictorial Abstract

Strategtes

Year 2 Addition

Use place value and number [acts to solve problems recall and use addition and subtraction [acts to 20 [luently, and

derive and use related J:acts up to 100

Add and subtract numbers using concrete ohjects, pictorial representations, and mentally, including: TU+O, TO+T, TU+TO
and 0+0+0

Show that addition of two numbers can be done in any order (commutative) and subtraction of one number [rom

another cannot

Solve problems with addition and subtraction, using concrete, pictorial and abstract representations

Recogntse and use the inverse relatlonshlp betuween addition and subtraction and use this to check calculations and

solve missing numher probhlems.




AddLng muLtLpLes
of 10

50 + 30 -80

Model ustng Dienes and bead stangs

The beads represent a r\umberLLne urhere w-e

jump to 50 ;Lrst, then make three jumps chl

ten.

Use representations 'Fcr Dienes blocks.

30 « 50 - 80
80 - 30 + 50
30+ __ - 80

Use known Children explore ways of making D
number [acts. number bonds within 20. — — —
¢ e/eTe0T0] [9[0[OT010 R
@ e @ @ e J J
Part, part, whole 14+6=20 |:|+[:|=2{} 20_|:|=[:|
L]+[]=20 20-[ ]=[]
0 @ 0|0 OGO O]O
Q@ e e T C OGO O
8+12=20

e e e e @ CIOIQIO
@/ @@ SOOI
11+9=20

D-I-‘Ix'lﬁ
1+|:J=1s

16-1.|:|
15—D=1




Using known Use Dienes to represent related Children draw representations O'J:

facts additions. hundreds, tens and ones

3+3- 6 e 3+3-6
.o. + 0.0 = . : *
EII:ID + |:|D|:| — DDD |:|E||:| leads to
M0 000- (00T | A G
+ - .

Du y e DD=DDD leads to

30 + 30 - 60 + o 0ooo

300 + 300 - 600

The bhottom squares represent hundreds:

300 + 300 - 600

Bar Model
0009 Qg0
TN bov 3 -7

Add a two Use ten ‘ﬁrame to make 7 + 5 = 22
digit number magic [0,

and ones o000
C0O0OC0 22
17
ciosee :

’EP Use part, part, whole and number
|

line to model.

ExpLore related ‘ﬁacts:

7 +5 =22
Children exp[ore the pattern 5«17 =22
7+ 5 - 22 22 - 17 5

27+ 5 = 32




17+5=22




UsLng part
whole model
to add a two-
digit numhber
to another
two-digit

nu.mber

Explore that the ones digit does not
change.

27 + 30
+10 +10 +10

/N\/\/\

27 37 47 57

Use a number line and hridge ten using part,

whole L(ﬁ necessary.

An examp[e ;O’F so[vi.ng 47 +25.'

+20 +5 Or «20 «3 +2
D, T ke
47 67 T2 W &7 70 72

27 +10 =37
27+ 20 =47
27+ __ =57

2[]/+E5+4£40\+1

20 + 40 = 60
5+7 =12
60+12=72

10




Addtng two
2-digit

numbhers

Bg the end o(ﬁ the year, moving
onto exchangtng ten ones ‘ﬁor a

ten block

A ptctcrrta[ representation ch: how the
exchange is shown. This exchanging of

the ones into tens would come towards

the end of the yea:

The diagram above shows ten ls

exchanged [or a ten

25 + 36 = 6l

/-\ddLng three
single digits

ustng grouptng

b+ 7+ 617

Put 4 and 6 together to make 10. Add

on /.

FcrL[cruang on ‘J;rcrm maktng 10, make
10 with 2 of the digits (if possible)
then add on the third dLth.

Add to-gether three groups o-(ﬁ o-h(}ects. Draw a

picture to recomhbhine the groups to make 0.

gs 588 587

Fg P85 PPy

sS85,
sesss S5

10

= 17

Combine the two numhbers
that make 10 and then add

on the remainder.

7+6-17

\

11




Year 3 Addition

Add and subtract numbers with up to three dLths, using (ﬁormo.L written methods O'} columnar addition and subtraction

Estimate the answer to a calculation and use inverse operations to check answers
Solve probLems, anLudLng mLssLng number problems, usLng number (ﬁacts, pLo.ce value, and more compLex addition and subtraction

Progress to [ormal written methods calculations

Column method- Add together the ones [irst then add | After practically using the Dienes hlocks and | Add the ones [irst, then the

no regrouping the tens. Use the Base |0 blocks [irst place value counters, children can draw the tens and then the hundreds.
be}ore moving onto pLace value counters to heLp them to solwe additions. o N
Add two or counters.
three digtt 24 + |5-
numbers
T (@]
OO0TT0T0 | mEEE

OO EEEEm

i + |15 = 59
@ |
5000 (0000

12




Column method-

regrcruptng

Objective and

Make hoth numhbhers on a pLch value
grtd.
Add up the units and exchange IO ones
for one 10. Model using PV counters.

® ©] @ 146
000 000 + 527

®

©

©O
®

©©)
©1©)

Add up the rest O’J: the columns,
exchanging the 10 counters [rom one
column [or the next place value column

until every column has been added.
This can also he done with Base 10 to

heLp children c[ear[t& see that 10 ones
equal | ten and 10 tens eqgual 100.

Concrete

Children can draw a pictoral representation of the
columns and place value counters to further

support their LearnLng and understandtng.

H ' T , (0]
44777
rry

Iyl + |52 =

To show an exchange, they can cross out the
chtorLuL representation O‘J: and add an extra
pictorial syhmbol under the column to the left. It
ts itmportant to put this symbol underneath the
LeJ:t hand column, separate to the rest otﬁ the
symhols so we can see that it has heen
exchanged (exchanged numbers sit underneath the

line in a (ﬁo-rmal written method).

Pictorial

m—
w &
~ U

68 2

Abstract

Strategies
Year & Addition

Add and subtract numbers with up to 4 digits using the [ormal written methods of columnar addition and subtraction where

appropriate

Estimate and use inwverse crperathrns to check answers to a calculation

Solve addition and subtraction two-step problems in contexts, deciding which operations and methods to use and why

Solve smeLe measure and money probtems anoLang (ﬁracthrns and decimals to tuwo decimal pLaces

13




Add numbers
with up to 4
dLths.

Add decimals
with 2 decimal
places, including

moneg.

Children continue to use Dienes or
PV counters to add, exchangLng ten
ones (ﬁor a ten and ten tens ‘ﬁor a

hundred and ten hundreds [or a

thousand.

2634 + 4517

.-m
' B |

.

23.46 + 1225

Be}o—re exchange:

A}ter exchange:

Draw representations using a PV grLd.

TH H T )

E
‘/}|

: Again, the exchanged symbols are carried
heneath the other sgmbols,
ahstract J:o-rmal method.

I 7y
1/

= ="| 777
11

pzd
Q
s
[

as represented in the

Before exchange:

For the purpose of this document, a photograph
was taken before and after the exchange. There is

no need to write this ocut tuwice.

Continue carrying hundreds as

well as tens.

2 3 .4 6
| 2 .25
3 5.7 |

Relate to money and measures.

14




ObJectLve and Concrete Pictorial Abstract

Strategtes
Year 5 Addition

Add and subtract whole numbers with more than & digits, including using [ormal written methods

Use rounding to check ansuwers to calculations and determine, in the context of a problem, levels of accuracy
Solve addition and subtraction muLtL—step prcbtems in contexts, dechLng which operations and methods to use and urhg

Solve prohlems involving numhber up to three decimal places

Add numbers with Tuwo exchanges taking place in the Mowve to the abhstract method

more than & calculation ensuring children Lline the

dLths.

decimal points ccrrrecﬂt&.

Add decimals with

3 decimal pLaces,

anLudLng money.

Then the hundredths would be exchanged
}or a tenth.

Oh‘}ecttve and Concrete Pictorial Abstract

Strutegtes
Year 6 Addition

Use their kncw[edge o} the order o} operations to carry out calculations Ln\roL\ang the (ﬁour operations

15




.Solve addition and subtraction multi-step prohlems in contexts, deciding which operations and methods to use and

why

-Solve probhlems involving addition, subtraction, multiplication and division

‘Use estimation to check answers to calculations and determine, in the context of a prohlem, an appropriate degree of

QCCU.I’"O.CH,

Add several
numbers of
tncreasing
complexity.
Including
adding money,
measures and
decimals with
different

numbers or

decimal points.

Tuwo exchanges taktng p[ace in the

calculation

asmilln:

Then the hundredths would he exchangéd

ﬁo-r a tenth.

Move to the ahstract method
ensuring children line the

decimal points correctly.

16




Subtraction

Objective and Concrete Pictorial Abstract
StrategLes

Year | Subtraction

Given a number, tdentify one more and one less
Represent and use number bonds and related subtraction }acts within 20

Solve one-step problems that involve addition and subtraction, using concrete objects and pictorial representations, and missing

number problems such as 7 - O - 4
Taking away ones Use physical objects, counters, cubes Cross out drawn ohjects to show what has
etc to show how objects can be taken | been taken auway. 5 _3- 7
away.
X i A i i
5 - 3

15-3=[12

17



Counting hack

Make the larger number in your
subtraction. Move the heads aLcng
your head string as you count

backwards in ones.

13 - &

“eoosessese <
Prmee i

Use counters and move them away
Jlrom the group as you take them auray

counttng b,O.CkLU‘QFdS as lé,O’U. 9,0'.

Count back on a number line or number
track

NN YN

2 10 11 12 13 14 15

Start at the bigger number and count back
the smaller numher shouang the Jumps on

the number line.

Put I3 tn your head,
count back 4 What
number are you at? Use

your fingers to help.

18




Find the dLHlerence

Compo.re amounts and cbc}ects to Jand

the dLJlJlerence.

Use cubes to build touwers or make

bars to
find the difference
5 Pencils
" % b b “
» - i _
W i
3 Erasers 7

Use basic bar models with items to

find the difference.

Count on to }Lnd the dLuﬁuﬂerence.

Draw bars to [ind the difference betureen 2

Comparison Bar Models

Lisa is 13 years old. Her sister is 22 years old.
Find the difference in age between them.

13 ?
/_H_}%
bso ]
Sister [

e

22

numbers.

Hannah has 3

sanduriches, Helen
has 5 sandwiches.
Find the difference
betureen the numher

of sanduriches.

Tom works 5 days
a week and Kate
works 3 days a

ureek.

19




Represent and use
number bonds and

related subtraction

facts within 20.

Part, part, whole

Link to addition- use the part, part,
whole model to heLp expLaLn the
inverse between addition and

subtraction.

I‘F |0 is the whole and 6 is one O’} the
parts. What (s the other part?

Use a chtorLaL representation o[ﬁ cerects to

show the part, part, whole model.

model. ﬁ ﬁ
A A
ﬁ ﬁ ﬁ Move to using numbers
within the part whole
model.
Make [0 4 - 5 =

Make |4 on the ten J:rame. Take
away the four [first to make 10 and
then takeaway one more so you

have taken away 5 You are Lelﬁt

urLtF:the ansuer OJ; q.

Start at 14 Take away 4 to reach 0.
Then take away the remaining | so you
have taken away 5 altogether. You have

reached your answer.

b - 5 -

How many do we take
O"PJ: to reach the next
[0?

Ho w many do we

have left to take off?

20




Bar Model 1e)

n
(0]
+
no

ObJectL\re and Concrete Pictorial Abstract

Strategtes
Year 2 Subtraction

Use place value and number [acts to solve problems recall and use addition and subtraction [acts to 20 [luently, and

derive and use related facts up to 100

Add and subtract numbers using concrete ohjects, pictorial representations, and mentally, including: TO+O, TO+T, TO+TO
and 0:0+0

Show that addition of two numbers can be done in any order (commutative) and subtraction of one number [rom
another cannot

Solve problems with addition and subtraction, using concrete, pictorial and abstract representations

Recognise and use the inverse relationship hetween addition and subtraction and use this to check calculations and

solve missing numher probhlems.

Regroup a ten into |Use a PV chart to show how to

ten ones change a ten into ten ones, use the 20 - &

16

term take and make.

1 : n
Te ] .
l ' R v : =
A 4
| ™ 20 — 4 =

A

N
N
N

21




PartLthrnLng to
subtract without

regrcuptng

3 - 13 = 2

Use dienes to
show how to
partition the
numhber when
subtracting
without

regrouping.

Children draw representations ch: Dienes and

cross O';;

féf

43 - 2| =22

Making ten
strategy

Progression should
be crossing one
ten, crossing more
than one ten,

crossing the

hundreds.,

Use a bead bhar or bhead strings to
model counting to next ten and the

rest.

+ +10 k!

TG a0 k1] a3
‘counting on’ io find “difference’

Use a number line to count on to the next
ten and then the rest.

Counttng back

Use a bead bhar or bhead strings to
model counting back in tens and then

ones

Start with 57 beads and then move 2

tens then 2 ones to the left. Start [rom

-10 -10

34 35 36 37 47 57
This can progress all the way to
counting back using two Z-dLth

numhbers.

57

34

22




the Le‘ﬁt hand side cr‘ﬁ the string so

that the tens are easLLy wisible.

Ob}ecthre and Concrete Pictorial

Strategtes
Year 3 Subtraction

Add and subtract numbers with up to three dLths, using (ﬁcrrma[ written methods oﬂﬁ columnar addition and subtraction

Estimate the answer to a calculation and use inverse operations to check ansuwers

Solve probtems, anLudLng mLssLng number prob[ems. usLng number (ﬁacts. pLace value, and more ccrmpLex addition and subtraction

Column method 75-4.2 Draw the Base 10 or place value
without exchange counters alongside the written
. calculation to help to show working. 7 5

nol ] = o

‘ | 3 3

- L

cLear urrttten co-Lumn

subtraction.

Use Base 10 to make the bnger

number QWO.%.

number then take the smaller | 7
6

Show how you partLthn numbers

6
L
to subtract. Again make the larger | | 2

numhber }Lrst.
Calculations

RA00® 176 - 64 =
G

176
64
112

23



Column method

with regrouping

Use Base 10 to start with before
moving on to place value
counters. Start with one exchange
before moving onto subtractions
with 2 exchanges in the spring
term. Use the take and make” for

exchange.

234 - 179 -
‘C
‘|\ “
l.
LN
i 10
2 -

Children may draw base ten or PV

counters erd cross O’(ﬁ‘ﬁ

/i

e
i

f

Show children houw the chtcrLaL method

==

Y

links to the written method aLongsLde
your working. Cross out the numbers
when exchanging and show where uwe

write ocur new amount.

Children can start their
}crrqu written method
by partitioning the
number into clear place
value columns and then
move onto the formal
method later on in the

H,ECLF.

Autumn:

T
'“Soe ‘3o 14
- D0 S0 9

O 50 5

Ansser = 55

Spang: 7
234-1719 -
H g o
4 2g Iy
Rty B |

- |
e Jss B

24
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Moang onto Place Value

counters: _
HakER 0.

26




Objective/ Concrete Pictorial Abstract

strate
Year 4 Subtraction

Add and subtract numbers with up to b digits using the formal written methods of columnar addition and subtraction

w'here apprcprLate

Estimate and use inverse operations to check answers to a calculation

Solve addition and subtraction two-step prob[ems in contexts, dechLng which operations and methods to use and whg
and ones.

e w
Subtract with up W Tany | Ones @la?

to four digits. @ _—_L !
Introduce ‘ —ij

;.

Subtracthg tens

@
0
0.0
—— W
~ [~ O
0O (00
NN~

]

decimal

®® e
@

subtraction e )

through the




context of

money.

The skills are transferrable over to

decimal numbers. In the example below,
the headings of the columns has
changed and a decimal point has been

added after the ones column.

28




29




ObJectLve and

Concrete

Pictortal

Abstract

StrategLes
Year 5 Subtraction

why

Add and subtract whole numbers with more than 4 digits, including using J:ormal written methods
Use rounding to check ansuwers to calculations and determine, in the context of a problem, levels of accuracy

Solve addition and subtraction multi-step prohlems in contexts, deciding which operations and methods to use and

Subtract with at
least }our digits,
including money

and measures.

Objective and

StrategLes
Year 6 Subtraction

why

(ICCL,LFCLCH.

As ahove

Apply skills to prohlem solving,
reasoning and [luency questions.
Children should still be promoted
to use a range of manipulatives.
The greater the range of
manipulatives used the greater
level of mastery children will

hawve.

Concrete

As abowve

Apply skills to probhlem solving,
reasoning and [luency questions.
Children should still be promoted to
use a range of mantpulatives. The
greater the range of manipulatives used
the greater level of mastery children

will hawve.

Pictorial

Solve probLems anoL\ang addition, subtraction, muLtLpLLcathn and divistion

As above

Apply skills to
problem solving,
reasoning and fluency
gquestions. Children
should still he
promoted to use a
range of
manipulatives. The
greater the range of
manipulatives used
the greater level of
mastery children will
have.

Abstract

Use their knowledge of the order of operations to carry out calculations involving the [our operations

Solve addition and subtraction muLtL-step probLems in contexts, dechLng which operations and methods to use and

Use estimation to check answers to calculations and determine, in the context of a prohlem, an appropriate degree of

Subtract with
increasingly
large and more

complex numbers

AS CLbO’V'Q.

There is a greater requirement to

have a mastery of abstract

AS. (lb.O’V'e.

There is a greater requirement to have

a mastery of abstract concepts at this

Subtractions prcrb[ems
should tnclude
numbers with a

different amount of

30




with decimal

values.

concepts at this point. Children
should still have the fundamental
knowledge provided through the
CPA appracch but must be ahle to
fluently and accurately use
abstract methods to solve

calculations.

point. Children should still have the
fundamental knowledge provided
through the CPA appracch but must be
able to fluently and accurately use

abstract methods to solwve calculations.

YS9k
iiT 36'03055
¢[9[-[3[3[9k

decimal places or
different amount of
digits. Children
should ‘pad’ these
numbers out with a
zero as a place
holder, as shown

below.
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