Maths Calculation Strategies
taught at WIW




Why the workshop?

Strategies for teaching maths have
changed since many of us were at school.

Previous approaches to teaching maths
often did not support a secure, deep
understanding of maths.




A recap: Key principles oy a maths mastery approach

 The majority of pupils will move through the
programmes of study at broadly the same pace

 Depth not acceleration
* Puts numbers first

* Using the correct maths vocabulary is an essential
part of every lesson

e (Concrete Pictorial Abstract

* Focuses on fluency, reasoning and problem solving
(Calculate, Apply, Think)




Why not go straight to the standard formal methods?
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Stmtegtes Jor Addition,
Subtraction MuttLplLaatLon

and Division




Number Shapes

Benefits

Number shapes can be useful to support children to
subitise numbers as well as explore aggregation,
partitioning and number bonds.

When adding numbers, children can see how the parts
7=44+3 7=3+4 — come together making a whole. As children use number
shapes more often, they can start to subitise the total du
to their familiarity with the shape of each number.

(1]

When subtracting numbers, children can start with the
whole and then place one of the parts on top of the
whole to see what part is missing. Again, children will
start to be able to subitise the part that is missing due to
their familiarity with the shapes.

Children can also work systematically to find number
bonds. As they increase one number by 1, they can see
that the other number decreases by 1 to find all the

possible number bonds for a number.




Benefits

Cubes can be useful to support children with the addition
and subtraction of one-digit numbers.

7=4+3

7=3+4

When adding numbers, children can see how the parts
come together to make a whole. Children could use two
different colours of cubes to represent the numbers
befare putting them together to create the whole.

When subtracting numbers, children can start with the
whole and then remove the number of cubes that they

are subtracting in order to find the answer. This model of
subtraction is reduction, or take away.

Cubes can also be useful to look at subtraction as
difference. Here, both numbers are made and then lined
up to find the difference between the numbers.

Cubes are useful when working with smaller numbers but
are less efficient with larger numbers as they are difficult
to subitise and children may miscount them.



Ten Frames (within 10)

4+3=7 4isapart. Beneflts

3+4=7 3isapart. | N

7—3=4 Zis the whol When adding and subtracting within 10, the ten frame can
IS the whote. support children to understand the different structures of

addition and subtraction.

Using the language of parts and wholes represented by
First Then Now objects on the ten frame introduces children to
aggregation and partitioning.
C 0 I )@ Aggregation is a form of addition where parts are
O combined together to make a whole. Partitioning is a
form of subtraction where the whole is split into parts.
Using these structures, the ten frame can enable children
to find all the number bonds for a number.

@ J

Children can also use ten frames to look at augmentation
(increasing a number) and take-away (decreasing a
number). This can be introduced through a first, then, now
structure which shows the change in the number in the
‘then’ stage. This can be put into a story structure to help
children understand the change e.g. First, there were 7
cars. Then, 3 cars left. Now, there are 4 cars.

;
_|%




Part-Whole Model

Benefits

0 ° This part-whole model supports children in their
understanding of aggregation and partitioning. Due to its
‘ o o shape, it can be referred to as a cherry part-whole model.

When the parts are complete and the whole is empty,
4 children use aggregation to add the parts together to find
3

7-3 the total.
7—4

When the whole is complete and at least one of the parts
is empty, children use partitioning (a form of subtraction)
to find the missing part.

Part-whole models can be used to partition a number

o e o into two or more parts, or to help children to partition a
number into tens and ones or other place value columns.

In KS2, children can apply their understanding of the
part-whole model to add and subtract fractions, decimals
and percentages.



Use of stem sentences.

5 is the whole.
4 is a part.
1is a part.



4 is a part.
2 is a part.
6 is the whole




What does the 6
represent?

What does the 2

represent?




Bar Model (single)

Concrete H} @000 Beneﬁts
7 I

The single bar model is another type of a part-whole
model that can support children in representing

J | J

Discrete / / / calculations to help them unpick the structure.
t . t .
4 3 ? 3 Cubes and counters can be used in a line as a concrete

representation of the bar model.

Discrete bar models are a good starting point with

Combination 4
smaller numbers. Each box represents one whole.

The combination bar model can support children to
( N calculate by counting on from the larger number. It is a
good stepping stone towards the continuous bar model.

e

Continuous

Continuous bar models are useful for a range of values.
477 53 Each rectangle represents a number. The question mark
| 1 indicates the value to be found.

In KS2, children can use bar models to represent larger
numbers, decimals and fractions.




Bar Model

Benefits

Children can use the single bar model to represent
multiplication as repeated addition. They could use

? counters, cubes or dots within the bar model to support
calculation before moving on to placing digits into the bar
model to represent the multiplication.

5x5=25

3x7=21
7% 3 =21 Division can be represented by showing the total of the

bar model and then dividing the bar model into equal
groups.

| It is important when solving word problems that the bar
model represents the problem.

LYY 21+=7=3

Sometimes, children may look at scaling problems. In this
case, more than one bar model is useful to represent this
type of problem, eg. There are 3 girls in a group. There
are 5 times more boys than girls. How many boys are
there?

The multiple bar model provides an opportunity to
compare the groups.

Boys | 3|3 | 3|3 |3




5o
KS1 Bar Modelling Mathsmggz

Tim has 4 sweets and Ben has 2 sweets.
How many sweets do they have altogether?
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5o
KS2 barmodelling ’V’at’"'svtlkiﬁi

%of20=?



5o
KS2 Bar Modelling Mathsmgﬁi

Solve... Matthew has a 300g block of cheese. He eats % of the cheese
and puts the rest back in the fridge.
How much cheese did Matthew put back in the fridge?

Model Calculations
300g

| l \ 300=5= 60
60 60 | 60 | 60 | 60 3 % 60 = 180

| A )

| |
Eats Put back
180




KS3 Bar Modelling

"ilé\‘/latthUBS

White Rose

3a+4=a+3

Model Calculations

: : : I 3a+4 = a+38
| a | a j 4] -
20+ 4 = 8
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Benefits

Number tracks are useful to support children to count in
rmultiples, forwards and backwards. Moving counters or
cubes along the number track can support children to
keep track of their counting. Translucent counters help
children to see the number they have landed on whilst
counting.

When multiplying, children place their counter on O to
start and then count on to find the product of the
numbers.

When dividing, children place their counter on the
number they are dividing and the count back in jumps of
the number they are dividing by until they reach O.
Children record how many jumps they have made to find
the answer to the division.

Number tracks can be useful with smaller multiples but

when reaching larger numbers they can become less
efficient.




Number Lines (labelled)

Benefits

| I — [ . Labelled number lines support children in their

| —r 1 T T T+ T 1T T 7 : " .

01 2 3 ¥ 5 6 7 8 9 10 understanding of addition and subtraction as
augrmentation and reduction.

7=15 Children can start by counting on or back in ones, up or
L down the number line. This skill links directly to the use
of the number track.

Progressing further, children can add numbers by
jumping to the nearest 10 and then jumping to the total.
This links to the making 10 method which can also be
supported by ten frames. The smaller number is
partitioned to support children to make a number bond
to 10 and to then add on the remaining part.

N

Children can subtract numbers by firstly jumping to the

2 nearest 10. Again, this can be supported by ten frames so
. ] | children can see how they partition the smaller number

into the two separate jumps.

W
N



Number Lines (blank)

35+ 37 =72
W

Benefits

35 40 0 72

385+ 37=72

C N T~
35 40 72
72—-35=237
+5 + 30 + 2

Blank number lines provide children with a structure to
add and subtract numbers in smaller parts.

Developing from labelled number lines, children can add
by jumping to the nearest 10 and then adding the rest of
the number either as a whole or by adding the tens and
ones separately.

Children may also count back on a number line to
subtract, again by jumping to the nearest 10 and then
subtracting the rest of the number.

Blank number lines can also be used effectively to help
children subtract by finding the difference between
numnbers. This can be done by starting with the smaller
number and then counting on to the larger number. They
then add up the parts they have counted on to find the
difference between the numbers.




Base 10/Dienes (addition)
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Benefits

Using Base 10 or Dienes is an effective way to support
children's understanding of column addition. It is
important that children write out their calculations
alongside using or drawing Base 10 so they can see the
clear links between the written method and the model.

Children should first add without an exchange before
rmoving on to addition with exchange.. The representation
becormes less efficient with larger numbers due to the
size of Base 10. In this case, place value counters may be
the better model to use.

When adding, always start with the smallest place value
column. Here are some questions to support children.
How many ones are there altogether?

Can we make an exchange? (Yes or No)

How many do we exchange? (10 ones for 1 ten, show
exchanged 10 in tens column by writing 1in column)
How many ones do we have left? (Write in ones column)
Repeat for each column.




Place Value Counters (addition)

Benefits
00 384 Using place value counters is an effective way to support
children’s understanding of column addition. It is

+ 237 important that children write out their calculations

621 alongside using or drawing counters so they can see the
clear links between the written method and the maodel.

Children should first add without an exchange before
moving on to addition with exchange. Different place
value counters can be used to represent larger numbers
or decimals. If you don't have place value counters, use
normal counters on a place value grid to enable children
265 to experience the exchange between columns.

+ 241 When adding money, children can also use coins to
support their understanding. It is important that children

O o @ @ 606 consider how the coins link to the written calculation
Oy 5

especially when adding decimal amounts.




L et’'s look at one oper-ation

in more depth ...

multLpchatLon




MultLpchatLon n ReceptLon

In Reception, children will learn:
 Doubling to 10
 Make equal groups

Double ... is ...

... i1s double ... % % Ple)e)
B & o @D 20

There are ... groups of ...
There are ... altogether.

AA A A A
= = == P
= ) =) =)




Add equal groups
(repeated addition)

Children should be able to
write a repeated addition to
represent equal groups and
to draw pictures or use
objects to represent a
repeated addition.

* Make arrays

Make arrays

Children use their
knowledge of adding equal

groups to arrange objects in
columns and rows.

 Add equal groups

Multiplication in Year |

There are ... groups of ...
There are ... altogether.

& 10+10+10=30

ess [ oy | &

BRRE oororo-

There are ... rows of ... There are ... altogether.
There are ... columns of ... There are ... altogether.



Multiplication in Year |

e Make doubles

Make doubles Double .. is ...

et =
Children understand that
doubles are two equal
groups. Children may begin I o0
to explore doubles beyond Qﬁf w S 8 u
20 using base 10 ' 0

: : fis Q00Ad 100




Multiplication in Year 2

* Link repeated addition and multiplication

Link repeated addition and | There are ... equal groups with ... in each group.

multiplication There are ... altogether. 5 34+3=6

Encourage children to make
the link between repeated

addition and multiplication. 20 5+5+5+5=20
s | s [ s]|5]4ax5=20

* Use arrays

Use arrays There are ... rows with ... in each row. |cansee .. X ..and... X...
There are ... columns with ... in each column.
Encourage children to see B
that multiplication is é a a a a gl_ﬁtg T?:llg 3x5=15
commutative. a a a G a B 5%x3=15
5lots of 3 =15 .
OB DD D si3+3+3+43=15 3X5=5%3




e Double

Double

Encourage children to make
links with related facts.

Multiplication in Year 2

Double ... is ...

Double4=4+4
!_" !! Double 4 is 8

Double ... is ... so double ... is ...

mee —» seee smewe Doubledis8

I O 3 oo s

e Learn 2,5 and 10 times tables




Multiplication in Year 3

 Multiply a 2-digit number by a 1-digit number (no exchange)

... tens multiplied by ... is equal to ... tens.
..ones multiplied by ... is equal to ... ones.

(asnnsnnnnn] 30x2=60

et Q0O (4]
faanaananna .. 2x2=4 00 O
o 00 o
Ceeeriiia ee = @ 0 Q0O )

e Multiply a 2-digit number by a 1-digit number (with exchange)

... tens multiplied by ... is equal to ... tens.
... ones multiplied by ... is equal to ... ones.

Ty Ten

(o] o ] o] 20x4=280 @ I
E 4%4=16 Q000 (00000
o || Yeee o) (oxa o000 (00000
OIS | opem | 24 X4=96 000 |00000




Multiplication in Year L

Multiply by 10 and 100

When | multiply by 10, the digits move ... | When | multiply by 100, the digits move ...
place value column to the left. place value columns to the left.
... 15 10 times the size of ... ... 15 100 times the size of ...
H T _ Th H T
[ ] [ 1 ]
] a9
i T [en Th H T
' 1 AN 1 ® Y ) _
o |- 4 35x 10 = 350 o0 14 X 100 = 1,400

e Related Facts

.. X ... ones is equal to ... ones
SO ... X ... tens is equal to ... tens
and ... X ... hundreds is equal to ... hundreds.

Q00 OO0 ©0O0

000 000 000

000 000 000

es 858 o888 i 7x3=21

000 OO0 O©O® 3X%70=210 7 X 30 = 210
000 COO ©O0® 3x700=2,100 7x300=2,100




Multiplication in Year L

Mental strategies, eg: 0x8280  oxEaR  exea®

26 Xx8=80+80+48 =208

 Multiply a 2 or 3-digit number by a 1-digit number (this is the

first time the short method is introduced)

To multiply a 2-digit number by ..., | multiply the ones by ... and the tens by ...
To multiply a 3-digit number by ..., | multiply the ones by ..., the tens by ... and the

hundreds by ... .

6000000,
[ S H|T |0 H(T|o a_J(_»u,
gggmgg | [3]4 ENEL [ 000 ‘0000
I/"j’:lli'jE‘\,oooo 210 {4}’:5} 11710 . _,-"«._.f|'~. 009_6.
add e | 150 | (30x5) 000000
_QQG‘_Oﬂﬂo_ 1170 ' ¢ J(w'@go_o_
000 0000 @/ 007

e Learn all times tablesto 12 x 12



Multiplication in Year 5

e Square and cube numbers

... squared means ... X ... .. cubed means ... X ... X ...
0000
00® 00060
[ 1 ] 000 0000 - -
L L 1 000 0000

1X1X1 2X2X2 3x3x3
1*=1 =8 =2 bl

I
o
I

1x1 2x2  3x3
1?=1 22=4 3F=9 &

Il
=
o)

* Multiply numbers up to 4 digits by a 1-digit number

To multiply a 4-digit number by ..., | multiply the ones by ..., the tens by ..., the hundreds
by ... and the thousands by ...

Th H T |[e
e © 000|000 1]1]5 2
Q0 - ;
© @ 00000
00
Qo o Q00|00
8]8)




Multiplication in Year 5

e Multiply numbers up to 4 digits by a 2-digit number (numbers
are first partitioned using a ‘grid’ model, then long
multiplication is introduced for the first time)

| can partition ... into ... and ... First, | multiply by the ... Then | multiply by the ...
x | 0000 |0000| | x | 40 4 x[ 10 | 3

o[ 000e|0000 3|2
o|ooee|0000| |22 1290 | 120 30 -

o|eeoe 0000 (2| 8o 8 —

00000 | 0000 -

©|0000| 0000 2| z0 | & 3 20
32xX44=1,200+80+120+8 o0 a0 e
32x44=1,408 |

« Multiply by 10, 100 and 1000




Multiplication in Year ©

/4
* Multiply numbers up to 4 digits by a 2-digit number
To multiply by a 2-digit number, first multiply by the ones,
then multiply by the tens and then find the total. . 12 : Z
+ 7242 (1,207x6)
362 10 (1,207 30)
43 452

« Multiply by 10, 100 and 1000

To multiply by 10/100/1,000, | move all the digits ... places to the left.
... 15 10/100/1,000 times the size of ...

M | HTh | TTh | ™ | H Lr T | H T th Hth | Thth
o0 00 0@ o0 00 009
| ® 00 e 00
234 X 10= 2,340 0234 x 10=2.34
234 X 100 = 23,400 0.234 x 100 =234

234 x 1,000 = 234,000 0.234 X 1,000 = 234




Multiplication in Year ©

* Order of operations

... has greater priority than ..., so the first part of the calculation | needtodois ...

FRME DO OO0 OO0 ::::
x and + (3+4)x2=14 090D 3+44x2=11
s SH50

3+4*=19

The children will learn this as BIDMAS




