Progression through calculation methods for addition

These notes show the stages in building up to a compact, efficient method for addition. Our aim is
that children use mental methods when appropriate but for calculations that they cannot do in their
heads they choose an appropriate written method which they can use accurately and with confidence.
Time must be taken building up to the most efficient method to ensure complete understanding at
each stage. The progression should be based on stage not age, i.e. progression should be based on
ability regardless of year group. In all calculations children will be encouraged to approximate, using
rounding and estimating to ensure that their answers are reasonable. Children should be encouraged
to check their answers after calculation using an appropriate strategy.

Mental Calculations
Children need to be able o

know all number bonds 1o 10
recall addition pars o9« 9

count on in 1s, 10s and 100s
use near doubles

add mentally a series of single-digit numbers, suchas 5+ 8 +4

partition numbers into hundreds, tens and ones

Many menlal calculation strateges will continue 1o be used. They are nol

* use the relabions hip between addition and sublraction
* parliion numbers in ways other than ino tans and ones to help with

bridging multiples of 10 and 100

* add multiples of 10 or 100 (suchas 60 + 70 or 600 + 700) using a
related fact (6 + 7) and knowledge of place value
=  mentally add muitiples of 100, 10 and 1 e g 800 + 130 + 12

replaced by written methods

Empty number line

The empty number line heips to
record the steps on the way lo
calculating the total

The steps often bridge through &
mustipie of 10

Partitioning

When adding larger numbers, it
becomes less efficient Lo count an
50 partitioning 1s used

Parfitson into (hundreds) tens and
ones, acd to form partial sums and
then recombine

Expanded column method

The expanded method leads
children 1o the more compact
column method so that they
understand the structure and
efficiency of it

The amount of time that should be

Column mathod

The method is then shortened and
when the column total is a two-digit
number, the tens (or hundreds) are
camed over into the next column
Use the words ‘carry len’ or ‘cary
one hundred’, not “carry one’

Example: Partitioning all the numbers marrors | spent teaching and practising the Example
48+ 36=84 the standard column method where | expanded method will depend on
ones are placed under ones and how secure the children are in thesr 366
+30 2 4 tens under tens efc recall of number facts and in their + 458
. S a— understandng of place value B24
48 T % 64 Exampie 1"
Partitioned numbers are wntten
M OOy — Once learned, this method ks quick
2 +34 ) 4T +76 =40+ 7 It the partitioni 1l and reliable Later, extend to
o ¥ L =70+ exr:l?'clh: po bt adding three two-digit numbers, two
® % o4 190+ 13 =123 three-digit numbers, and numbers
Children will continue to use 67 with different numbers of digits.
empty number lines with 375+567=300 + 70+ § - This method can also be used to
increasingly large numbers, 500+ 60+ 7 1 (7+4) 8ad decimals
Including compensation where BO0 + 130 + 12 =042 80 (60 +20)
appropriate 1
49+73=122 The partitioning is then done
80 mentalty
-1 Add the
ones first
47
I — 18
13
73 123 110
Presenting number lines vertically will 123

also help in the progression owards
column addition

48
2 |18

50

The addition of the tens. in the
caiculation 47 + 76 is described as
'Forty plus seventy equals one
hundred and ten’, stressmg the link
to the related fact Four plus seven
equals sleven’




Progression through calculation methods for subtraction

These notes show the stages in building up to a compact, efficient method for subtraction. Our aim is
that children use mental methods when appropriate but for calculations that they cannot do in their
heads they choose an appropriate written method which they can use accurately and with confidence.
Time must be taken building up to the most efficient method to ensure complete understanding at
each stage. The progression should be based on stage not age, i.e. progression should be based on
ability regardless of year group. In all calculations children will be encouraged to approximate, using
rounding and estimating to ensure that their answers are reasonable. Children should be encouraged
to check their answers after calculation using an appropriate strategy.

[ Mental Calculations:
Chikiren need to be abée to;
= recal al addition and subtraction facts to 20

=  subtraci multiples of 10 (suchas 160 — 70} using the retated subtraction fact (16 —7)

and their knowiedge of place value
= know al number bonds to 10 and 100

= findasmall difference by countingup {e.9.82-79=3

=  partition two-digh and three-digit numbers into multiples of one hundred, ten and

one

Many mental calcuiation sirategies will continue to be used. They are not repiaced by written | methods

use the relationship between acdition and subtraction
partiicn numbers in different ways. e.g. 7T4into 70 = 4 or 60+ 14
subtract mentally a single-digit number or a muitiple of 10 from a two-digit number
add the totats (of the hundreds. 1ens and ones columns) mentally

Over time, . —
Empty number fine Expanded column method mongng e | QWIS
refined
Empty or numbered lines are a useful way of modeling | o numbers with1 adjusiment needed: 74— 27=
processes such as bridging through multipes of ten \%ﬁonimotmsmones Then
The steps can be recorded by counting on of back say, “There Is not enough 1o 70 + 4 is then readjusted to 71y
sublract 7 from 4”. rakher than. become 60 + 14. The caicuiation 2 u 27
L e “You can’t sustract 7 from 4° ca now be e d ol ;g o 47
=t - +
e B a0+7 | say 60—20° or G tens—
a o " =20+7 —20+ 7 2iens” not. 6 &
—L L 3 40 +7
& = . 3 digit numbers wilh1 adjusiment needed. 563 - 271=
¥ 3
S Paton s, | S e sheq e T
tens and ones. 2 W 71
2 a0 20 camed out 500+ 85+3 292
E5_t_ . 500+6043 400 +160 + 3 -200+ 70+1
78 180 200 0 320 326 _200+70+1 —200+ 70 + 1 200+ 90+2 | Say. "60-207or, "Blens—
_ 200+ 90 + 2 2tens” not, "6 - 47
In some cases counting back will be a more effident 3 digit numbers wilh 2 adjustments needed: 563 - 278 =
method of subtraction. Children should be shown boih This occurs when the 500+50 is then adjusted 150 BE3
counting anand counting back. and be taught to sefed | tens and the ones to be Firstly 60+3 5 to A00+150 w = n =278
the most efficient method sublracted are larger adjusted to T CakcsBaion: Can How S00+80+3 285
than those you are become 50+13 he canded ol - 200+70+8
subtracting from 200+80+5 | Say. "150—70" or “"15tens
—Tiens"not “15-7"
Counting back exampie 400 + 150+ 13
500 +60 +3 500 +50 +13 =200+ 70+ &
94-5=89 -200+70+8 -200+70+ 8 200+ 80+ 5
-1 -
3 digit numbers with zeros where 2 adjustments are needed: 503 — 278=
1 1 When 0's are involved,
| the adjustmenisneedta | Asthere are no Then 100 + 3can be
be done in a different fens, 500 +01is adjusted 10 90 + 13
2 20 %% order. These & not adjusted first 1o The caiculation can
p - S will b ki emughﬁt;ﬂs;otraus become 400 + 100 | now be camied out
the progression towards column addibion: 452013
500+ 0 +3 400+ 100+3 400+ 90+13 =278
T4-27=47 -200:70+8 —200+ 70 +8 -200+ 70+ 8 225
200+ 20+ 5
Say, “100-70" or. “10tens
—— 47 —T1ens" not “10-7"
3 i
T 50 = = Once leamed, ths
4 §00+ 8+3 method i quick and
4 54 —200:70+§ reliatie. It can be
200+20+3 | otended to subtracting
larger numbers and
numbers with different
20 numbers of digits. It can
also be used to subtract
- 7 decmmals.

The steps may be recorded ina different order o
combined. With practice children will record less
information and decide whether to count on or back.




Progression through calculation methods for multiplication

These notes show the stages in building up to a compact, efficient method for multiplication. Our aim
is that children use mental methods when appropriate but for calculations that they cannot do in their
heads they choose an appropriate written method which they can use accurately and with confidence.
Time must be taken building up to the most efficient method to ensure complete understanding at
each stage. The progression should be based on stage not age, i.e. progression should be based on
ability regardless of year group. In all calculations children will be encouraged to approximate, using
rounding and estimating to ensure that their answers are reasonable. Children should be encouraged
to check their answers after calculation using an appropriate strategy.

Mental Caiculations
Cniidren need to e abe to
count in steps

recal muEiphcation fads to 10x 10

+ understand mutipicabion as repeated addition
«  partition numbers into multipies of one hundred, 1en and one and in other ways

Many menial calculation sirategies will continue to be used. They are not replaced

apoly the knowiedge of doubles and halves 1o known facts {e.g. 8x4 = double 4x4)
work out progucts such as 70 x 5, 70 x 50, 700 x 5, or 700 x 50, using the related
fact, 7 x 5. and an understanding of place value

acd combinztions of numbers mentally or using a written method

by written methods

Method 1 - Repeated addition

Method 2 - Gnd method into shortlong multiplication

Chidgren siart by understanding
multipbication as arays and repeated
agdtion. They use this ungersianding to

Mukphications can be camed out using the 3w of distnibution which alows the numbers 1o be pariitioned and each part to be mufiiplied
separately. The progucts are then added 1o find the iotal proguct.

Stage 2 - Shomviong multiplicaton

they wil apply iater when using the gnid
method

| help them work out multipication facts Stage 1 - Grid method {only for most able and if
they cannot recall guickly appropnate)
Exangle: When multiplying a 1-cige number by 3 2-0igt number. chilcren may choose to pariition the
EF "BES ) o numbers in different ways. Any ofthese 3 examples are acoeptadle. progressing towards the 38
or ‘6 x 5. chlaren piciure: third. most efficient, example 25 knowietge of tables increases x 7
00000 56 (Tx8)
goggg __ 210 (Tx30)
000 266
©CCc000000
Q0000 00000000
02000 CO000C00 Children gescrive what they are
00000 o 5poOOCCo doing by refering tothe value of
00000 C0000000 the digits. Say, “30x7". not “3x7"
00000 Ensure that chidren afthough the reiahonship should
) understand the relationship
They sz repeated acdiion to work out e | R
the calculation: not simply ‘adding 2 nought
F3+0+3+5+0+529=40 The same methed can also be 2pplied when muliphying a 1-digit number by a 3-gigit number 549
aaaaanas %
05 1015 20 25 30 35 40 54
240
!Rewmﬁfmstevsmmwbﬂ Ensure that chilcren understand 3000
line may be refined as understanding the retaionship between 615 3204
and knowledge of facls develops: and 6500 and are not simply
‘adging 2 noughis’ Chiidren say, 6x9, 6x40,
500"
Cnce they are confident.
chilgren can omit the calculation
in brackets
5‘312 -g‘f ‘When muitiphing a 2-digit number by a 2-Gigi number. =
X
(1) Parition both rumbers (2) Add the answers meach | (3)Add the two row totals io x 27
50 #12 and multiply each part Tow fing the fnal product 42
N 50
[ 10w 6 X 20 T X 20 T 120
0 60 72 ) 1008
1512
This will support chiidren in leaming thev | 8
tadles using known facls and in Children say, “Tx6. 7x50, 20x6.
understanding the distribuive 2w which 20x50°

All ofihese methods can also
be used 1o muliolv decimals

] |




Progression through calculation methods for division

These notes show the stages in building up to a compact, efficient method for division. Our aim is
that children use mental methods when appropriate but for calculations that they cannot do in their
heads they choose an appropriate written method which they can use accurately and with confidence.
Time must be taken building up to the most efficient method to ensure complete understanding at
each stage. The progression should be based on stage not age, i.e. progression should be based on
ability regardless of year group. In all calculations children will be encouraged to approximate, using
rounding and estimating to ensure that their answers are reasonable. Children should be encouraged
to check their answers after calculation using an appropriate strategy.

recall multiplication and division facts to 10 = 10

by 3

Many mental calculation strategees will continue 1o be used. They are not

kngw how to find a remainder mentally, for axample. find the remainder when 48 = divided =

chifferent ways
recogniss multiples of single-dign numbers
danve arger multiples using known facts

replaced by witten methods

["Mental Calculation
Chidren need 1o be abls to s derve larger multiples usng known faciseg 10x 3 =30 920 x 3 =60 sc
d ddi as g g and shanng *  add multipies mentally and work oul differences
desstand muliphcaban and division as inverse operabons s pantition iwo-digl and three-digt numbers o multiples of ane hundred. ten and ones n

Supe T Reproteid addition

Stage 7 - Vniical Clnking Method

Stage 3 - Long divislon

Vhan 1 15 not appropaals to use a shanng method for division and the division fact s
nol known, repeated (using the g bet dtpl and division)
can be used

Ecarrple without rernainder
a0-5 *
Ask "How many §s n 407

*heiedele
0 5 1015 20 2530 35 40

j+3 =Bfives

Example with emaindar
B-6
.-ﬁ-* +8+G+6+6+2 =0 sweswith a remander of 2

06 1218 24 30 36 38

For larger numbers. when it becomes ingfficient 1o count in single multiples, bigger
jumps can be recorded using known facts

Exnmole withoul remander

g1-3 n o on
/'75“%( TR
0 (1] [

This could either be done by working out the numbers of threes in each ump as you go
along (10 threes are 30, anather 10 threes makes 60, and ancther 7 threes makes 81
That's 77 thraes aliogether) or by counting in umps af knawn muitsples of J1a reach 61
{30 + 30 + 21} then working out the numbser of threes in sach pmp

72-3

jn
-0 0x
42
-0 [
12
=& | &
6
& \2
0
Answer 24

Any remainders should inilially be shown as sdegers,
progressing lowards sxpressing them as fractions or
decmals

Childran need to ba able 1o decids what 1o do after
division and round up o down accordingly. They
should make sensibis decsseons about rounding up or
down after division. For example 62 - 8 is [ remaindsr
£, but whether the answer should be rounded up 10 8 or
rounded down to 7 depends on the contaxt

v.g lhave B2p Sweets are Bp each How many can|
U

Answer T (the remaning 6p «5 not enough 10 buy
another sweel)

This mathod of HTU = TU & an extenswon of
the vertical chunking method. In the first
example, the reasonng s made explicit on the
nght-hand side

24 ) %80
20-480 24x20
80
3 72 24:3
-]
Answer Z3R 8
In the second example (below), the

reasoning is implcit

23
Z-ljm

—480

B0

12

]
Answer 23R8

Exanple with remamnder
1B8-7 10 10 14 (2
A \

] 70 e 15415

10 sevens are 70, add another 10 sevens is 140, add 2 more sevens |5 154 add 2
makes 158 Sothere are 22 sevens wath a remander of 2

The remander 13 indhcated above the jump rather than mside 2. so that childmn do not
mustakenly add 10, 10, 2 and 2 and get an answer of 24

Apples are packedinto boxes of B There are 62
apples  How many boxes are needed?

Answar 8 (the remaining 6 apples still need to be
placed into & box)




