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Aims

e To provide students with a coherent and consistent progression through the school.
e To support non-specialist colleagues in delivering the Curriculum.

e To provide parents with a clear guidance on methods and ideas so they can confidently
support their children at home.

e To become fluent in the fundamentals of mathematics, including through varied and frequent
practice with increasingly complex problems over time, so that students develop conceptual
understanding and the ability to recall and apply knowledge rapidly and accurately.

e To reason mathematically by following a line of enquiry, conjecturing relationships, and
generalisations, and developing an argument, justification or ‘proof using mathematical
language.

e To solve problems by applying their mathematics to a variety of routine and non-routine
problems with increasing sophistication, including breaking down problems into a series of
simpler steps and persevering in seeking solutions.
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Expectations

The layout of the written methods shown in this document are to be followed carefully to ensure
consistency across the school.

The progression of methods within an area is intended to clarify what should be mastered (as
far as possible) at each stage before moving on.

e Concrete: Using physical objects (e.g., counters, Dienes blocks) to introduce a new
mathematical concept.

¢ Pictorial: Representing the concept visually (e.g., using drawings or bar models).

e Abstract: Moving to symbolic representations (e.g., numbers)

Concrete, pictorial, abstract: The "concrete" and "pictorial" supports (provided in the "mental
methods sections" and the "fractions" section) should be the basis on which understanding is
built for more formal written methods.

Where possible, students should be given sufficient time working with the concrete apparatus
before moving onto visual models and finally to abstract methods (using formal algorithms etc.)

One of the principal tenets of teaching for mastery is that all pupils should follow the same
curriculum, that all should be given the time to understand a concept deeply.

Differentiation is achieved by extra support and intervention for some, and by engaging in
maths that encourages understanding the content at greater depth (rather than acceleration
onto new content) for others.
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Overview of topics covered in this document.

Place Value Fractions

¢ Understanding the Number System o
e Roman Numerals o

Fractions of an amount
Improper fractions

e Working with the Number Line - Counting e Equivalent fractions

e Working with the Number Line - Negative Numbers e Adding & subtracting fractions
e Rounding and Estimating Answers e Multiplying fractions

e Multiplying and Dividing by Powers of 10 e Dividing fractions

Addition & Subtraction Geometry & Measures

e Mental Calculations: Addition and Subtraction e Converting Units of Measure

e Addition: Formal written methods

e Subtraction: Formal written methods Algebra

e Bar Modelling — Addition and Subtraction

Multiplication & Division .

e Multiplication & Division - Mental methods
e Multiplication - Formal written methods

e Division - Formal written methods

e Other relevant topics

Manipulating Expressions — collecting like-terms
Manipulating Expressions — expanding brackets
Manipulating Expressions — factorising
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Place value — Understanding the humber system

"O" as ones rather than "U" for units. Emphasise the repeating pattern of "...HTO,HTO".
Encourage pupils to read numbers one "section" of three digits at a time (millions, thousands,
ones).

Encourage precise vocabulary.

Encourage pupils to use a place value chart when:

e Reading / writing large numbers.

e Ordering numbers

e Performing column methods

e Multiplying / dividing by powers of ten
e Converting metric units

« Working with standard index form etc.

H T O & Tth Hth Thth




BIRCHENSALE
'fﬁ

%,
0\

Birchensale Middle School Calculation Policy 2024

Place value — Roman Numerals

Arabic (or Indo-Arabic) numerals refers to the digits 0-9 used within our place value system.

Introduce in sets of five to emphasise repeating patterns (see diagram).

When converting Arabic numbers into Roman numerals, use a place value chart - this helps to
avoid the misconception of IC being 99 (it should be XCIX i.e. 90 + 9).

When reading Roman numerals, encourage pupils to work out where each place value section
is.

N.B: Try googling "Roman clock faces" — what do you notice about the humber 4?

10 20 30 40 50 60 70 | 80 90 | 100

X | XX [XXX| XL L [ LX | XX JLXXX[ XC | C

100 [ 200 | 300 | 400 | 500 | 600 | 700 | 800 | 900 |1,000

C CC|lccc| CD D DC |DCC|bccc|CM | ™
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Working with the number line — counting

Needs examples of counting on and back in different multiples on a number-line, relating to
place value, number bonds, patterns in digits etc.

Count forwards or backwards in
steps of powers of 10 for any given
number up to 1 000 000.

S5PV2

S4PV2

Find 1000 more or less than a given
number.

S4PV1

Count in multiples of 6, 7, 9, 25 and

1000

Count from 0 in multiples of 4, 8, 50

S3PV1

and 100; find 10 or 100 more or less
than a given number.
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Working with the number line — Negative humbers

Begin with counting through zero.

Encourage thinking ahead ("will I pass through zero?" "Will my answer be positive or negative?"
"Which direction will | be moving in?")

Move on to "open number lines" and using the distance to zero to break up the calculation.

4- 24-

+24
) -

3 I3 +13

3 -13-
4-7=-3 -13 +37=24

Beginning with discrete counting,

) . Move on to "open number lines".
emphasise the distance to zero.
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Rounding and Estimating Answers (I)

A support to rounding:

e Use a number-line with the relevant lower and upper possibilities marked, then find the
half-way point.
e This is useful for general number sense and understanding.

A
100

Round 2,369 to nearest 100 Round 7.0539to 2d.p
2,369 7.0539

2,300 2,400 7.05 ‘ 7.06
O W —

2,350 7.055
(half-way) (half-way)

BIRCHENSALE
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Rounding and Estimating Answers (2)

Approximating calculations: Round the Round 2. 269 to 2 s.f
numbers first before calculating. ™3

Rounding is often to | or 2 sig.fig. or to a 2,365
number which makes the calculation simple
to perform. 2!360 2,370

, e e——)
e.g: 329 + 8 would be better approximated

as ~ 320 + 8, rather than (the more 2’3 65
accurate) =~ 330 = 8.

(half-way)
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Multiplying and Dividing by Powers of 10

Use a place Valu,e Chart to ShOW Clearlg that the 1,000,000 | 2,000,000 | 3000000 | 4000000 | 5000000 | 6000000 | 7000000 | 8000,000 | 9,000,000
digits move rather than the deCimal pOint. 100,000 200,000 300,000 400,000 500,000 600,000 700,000 800,000 900,000
Use a Gattengo Chart to See movement Of place 10,000 20,000 30,000 40,000 50,000 60,000 70,000 80,000 90,000
Value 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000
Emphasise correct vocabulary (e.g: "What column =~ © 7% % % % " " "
is the 2 digit now in?" "The hundreds column" i “ “ N i i " - N
etc.) 2 3 4 5 6 7 6 .
. 0l 0.2 03 0.4 0.5 0.6 07 0.8 04
Different base systems
0.0l 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
Binary / ternary etc. can be introduced as an
enrichment task (e.g: multiplying by 2 in binary is
equivalent to multiplying by 10 in decimal)
(|O (one place) N
MULTIPLY x 100awo places) DIVIDE +
1000 (three places)
. Y,
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Standard Index Form / Scientific Notation

Link to multiplying / dividing by powers of 10. Use a place value chart in the same way to show
the digits moving.

Emphasise that 1000 = 10° so that x 10° moves the number 3 columns to the left.

Similarly; x 107= 1/10°. This means x 10~ is equivalent to dividing by 1000 (moving 3 columns to
the right).

power | 10 | 10* | 10 | 107 | 10% | 108 10% | 10" | 10t 10t | 10 | 10° 10t | 10" | 10 10* | 10t | 10° 10° | 10' | 10
|
- 5 £ 5 5 3 g
3 £ g | 3 § B | £ ¢ 8 ¢ 5 £ Bl g
i = B S B | 1) al w
B 5 = 3 8 = B 2| e 3 2| B = 2 B 3| § 3
5 o % 5| 9| 3 5 = £ 3| & B§] 5 2| =2 5 F| 3 B a| 2
E| - = c c s c € = c c = [ c = c c 3 g c z
Name Zl & & 2 & @& < I Z 2 & 2l 2| S 2 & E | & 3
Digits | 0 0 0 s 0 ‘ 0 0 0 0 0 ¥ 0 0 0 3 0 0 0 ' 0 0 ’ 0|, } 0 0 0
|
' ' } l
In Figures: In Words: Standard Form:
9,000 would read “nine thousand” or 9.0 x 10°
6,024 would read “six thousand and twenty-four” or 6.024 x 10°
102,000 would read “one hundred and two thousand” or 1.02 x 10°
7,000,000,000 would read “seven billion” or 7.0 x 10°
73,550,000,000 would read “seventy-three billion, five hundred and fifty million” or  7.355x10%

184,000,000,000,000 would read “one hundred and eighty-four trillion” or 1.84 x 10"
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Addition § Subtraction
« Mental Calculations: Addition and Subtraction

« Addition: Formal written methods
e Subtraction: Formal written methods
« Bar Modelling — Addition and Subtraction
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Mental Calculations: Addition and Subtraction

Useful strategies / skills:

Number bonds to 10, 100 etc. (e.g: 7 + ? =10 or I00 — 38 = ? etc.)
Bridging through ten (e.g: 7+ 8=7+3 +5)

Near doubles (e.g: 7+8=7+7+lor8+8-1)

Compensation for addition (e.g: 7 +8 =7 +10-2)
Compensation for subtraction (e.g: 23 - 9=23-10 + 1)
Compensation for addition - alternative (e.g: 27 + 9 =26 + 10 )
Compensation for subtraction - alternative (e.g: 27 - 9 =28 +10 )

This can be shown clearly on a number-line, where the difference(distance) between 9 and
27 is the same as between /0 and 28

Counting on and taking away for subtraction (the former being useful when the numbers
(minuend and subtrahend) are close together e.g: 394 - 389, the later when the difference
subtrahend is small e.g: 394 — 8)

Partitioning for addition (e.g: 39 + 48 =[30 + 40] +[9 + 8] )

(Needs examples of each strategy shown on a number-line etc.)
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Addition: Formal written methods (I)

Place value counters or plain ?
counters on a place value grid are |
the most effective concrete resources 104,328 61731
when adding numbers with more
than 4 digits. -
104,328 L
N

At this stage, students should be 104,328 @ 61731 J
encouraged to work in the abstract, ‘

using the column method to add

larger numbers efflcientlg. [ 104,328 + 61,731 — 166,059 ]
Compact method: all exchanges
written at the bottom and in the HTh | TTh
correct column (not in-between. 2
1 0 4 3 2 8
+ =1 1 7 3 1
OOOQ 1 6 | 6 0|5 | 9
SO 1
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Addition: Formal written methods (2)

Place value counters and plain

T
counters on a place value grid are |
the most effective manipulatives 3.65

when adding decimals with |, 2 and 365 241 % 949
then 3 decimal places. R
Ensure students have experience of e s 6.06
adding decimals with a variety of T ik 1

decimal places. This includes putting
this into context when adding
money and other measures.

365 +2.41= 6.06 ]

Decimals in line and fill any spaces
with "0"s.

3
:

N/

TR [ P + Tardhe ] Hundredths
000 go| o ol
00

/ o0 1000‘0
O .l/

NG

8\) (
v d

(s

A
C
000

®E

/9
C
L (®)|(
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Subtraction: Formal written methods (I)

Place value counters or plain counters
on a place value grid are the most
effective concrete resource when
subtracting numbers with more than 4
digits.

294,382

294,382

182,501 ?

| 294,382 |

. | 82501 | o

| 204,382 —182,501= 111,881 |

At this stage, students should be
encouraged to work in the abstract,
using column method to subtract larger
numbers efficiently.

Common Mistakes

I) Often children will say you can’t do I-6 so instead they HTh TTh Th H T

will reverse the sum and do 6-1 when they should be

exchanging. ’ 7% %%% ©S9000 888 T oIS
2) In this example you need to ‘double’ exchange as there @@@ 88800 -1 1.8 25
are zero tens. Children will often exchange straight from 11 1| 8
the hundreds to the units. This is incorrect you must gﬂﬂ

exchange from the hundreds to the tens and then from

the tens to the units.

Incorrect Correct
Th H T U Th H T U column actually represents 10 ones, not | ‘ones’).
8 0 1 B8 W 1
0 5 - 4 3 0 5
4 0 6 6

"Compact" method: All exchanges written carefully

next to the number (e.g. since the | in the ones
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Subtraction: Formal written methods (2)

Place value counters and plain 543 4
counters on a place value grid e ’ ) 5143
are the most effective '

?
manipulative when subtracting a : 2
decimals with |, 2 and then 3 I7Z
decimal places. @ 5.43 =
Ensure students have 7 i .
experience of subtracting : ?
decimals with a variety of .
decimal places. This includes ( 5.43-27=273 ]

putting this into context when

subtracting money and other P — S ones 4 Tenhs Hundredns

measures. —
80@@ OO0 11
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Bar Modelling — Addition & Subtraction .
Lower ability / younger students will need to Cclccclene

begin with "discrete" bar models, writing number

sentences like: 5+ 3 =8, 8 - 3 = 5 etc. a "discrete" bar model representing: 5 + 3 = 8 etc
Bar models work well for calculating |

Writing / speaking answers in full sentences helps with being 190

clear on specifically what has been calculated, as well as - —P T

helping with clearer thinking in problem solving. 0

a "continuous" bar model representing
150 - 50 =7 or ? + 50 =150

£2.70

’/“;=.tl.35 M=£1.35 | | |
L,PJP J Er?i }? ?l36? ?ﬂ

—

. Bar models leading to
Bar model representing: multiplication and division: e.g:

"3 pineapples cost the same as 2 mangoes. 5+5+5+5=7is equivalent
to: 5 x 4 = ? etc.
One mango costs £1.35.

How much does one pineapple cost?"
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Multiplication & Division

e Multiplication & Division - Mental methods
e Multiplication - Formal written methods

e Division - Formal written methods

e Other relevant topics
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Multiplication - Mental methods

Arrays are a powerful way of representing
multiplication (and division), clearly

showing:

* the commutative property of
multiplication

(Lx7=7xh0h)

» The distributive property of multiplication

(4 x7isthesame as: 4 x [2+5] = 4x2 +
4x5 )

@0 000

00 000 O

00 000 O

00 000 0O

00000 0O

©0 000 0O
@,
O
@,
O

 division being the inverse of
multiplication

« the connection / equivalence between: "sharing
into groups of 4" (there are 7 groups)and
"dividing into 4 groups" (there are 7 in each

group) (in the calculation 28 + 4 = 7)
Arrays also lead clearly into grid multiplication,

where partitioning is literally dividing the arrayup
into manageable / convenient pieces.

X 200 30 4
30 6,000 | 900 120
2 400 60 8
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Division - Mental methods

Place value counters or plain
counters can be used on a
place value grid to support
students to divide 4- digits by
1-digit. Students can also draw
their own counters and group
them through a more pictorial
method.

Students should be
encouraged to move away
from the concrete and pictorial
when dividing numbers with
multiple exchanges.

Students should be taught to:

Th

(Ele)

@]®)

9
ok

(@]e)

©9o

:

BIRCHENSALE
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42‘66

2|8 5 (13 |12

e Divide numbers up to four digits by a single digit number using the formal method of short division and
interpret remainders appropriately for the context (Year 5).

e Divide numbers up to four digits by a two-digit whole number using the formal written method of long
division and interpret remainders as whole numbers, fractions or by rounding as appropriate for the
context (Year 6).
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Multiplication - Formal written methods

Grid method: Set out the grid as a rectangle split into sections (this links in with previous work on arrays —
see mental methods).

Link column methods to previous work on grid method.

When multiplying 4- digits by 2-digits, students should be confident in using the formal written method. If
they are still struggling with times tables, provide multiplication grids to support when they are focusing
on the use of the method. Consider where exchanged digits are placed and make sure this is consistent.

7x|158/=/1/110/6

TTh  Th H T O

X 100 50| 8 H T U 2 7 3 9
7010
717001350156 350 % 2 | 8
t 56 2 1 9 | 1| 2
11106 > 5 3 7
1

This is a perfectly acceptable alternative,
especially when place value is not
secure. It also has the added benefit of
giving extra practice of place value
multiplication (e.g. 50 x 400)
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Division - Formal written methods (i)
This method can be built up using place value counters.

Remainders: discuss whether to round final answer up or down or simply state the remainder
(depending on the context of the question).

Decimal remainders: focus on money answers at first - —
since this is a familiar context. 6 O O 5=120

Fractional remainders: this is effectivelyshown through

converting improper fractions to mixed numbers first — 120
this makes it clear that the fraction bar also represents 5 | 6010
division. The quotient (answer) is the whole number,

and the remainder is the fraction left over).

7605+8=950'625 7605+8=95073
19139 |« 0950625 09502
8|76 °0 5 8[7'6°0 570070 0 8[776 0 5

With remainder As a decimal answer With a fractional remainder
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Division - Formal written methods (2)

Links should be made with the short division method. Long division for a single digit divisor is
presented as an intermediate step towards long division with a 2 (or more) digit divisor. Short
division for 2-digit divisors should be considered. Supported by a list of multiples and other
working, it is much less complicated and means only one formal method need

Long division — single digit Long division — double digit

716/0|5 = 8= 9505 3855+ 18 =214
0950 | r5 012! 1:& 3 1x18 =18
8/76 05 18/3855 2x18=36
_O_l 0x8 il 0x 18 3x18 = 54
76 38 4x18=72
=L 4|2 9x8 “ 310 | 2x18 5x18= 90
4 0 2 5 6x18 =108
« |40 5x8 =1 8 1x18 7x18=136
0 S remainder _7 5 8x18 =144
7 2 4x18 9 x18 = 162
Short division — double digit (alternative method) 3| vepmimey SONCOT T

38551 8l=214 Writing out multiples to 10
i leal gl (see mental methods)
0214 r3 I helps to avoid mistakes in
— 2x18=36 i
18[3%8%75 3x18=54 an already complicated
4x18=72

method.

5x18=90

BIRCHENSALE
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Fractions

e Fractions of an amount

e Improper fractions

e Equivalent fractions

e Adding & subtracting fractions
e Multiplying fractions

e Dividing fractions

BIRCHENSALE
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Fractions of an amount

"Bar modelling" approach shown here. The "bracket" at the top represents the whole.
This bar model for fractions is almost identical to that used when working with ratio.

. = -
S| \ = of © by e o
t \:‘/;‘ ,.-'M'/l\ \ Z Ilr‘\ \ - -
P4 “ _ : 7 _‘_‘_‘) - g - 0= )
-
( E, b i '|] P)
27 [7 \ — st &S
ol 5
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Improper fractions

May be called "improper" or "top heavy". "Mixed numbers" means part whole number, part fraction.

A mixture of bars, fractions circles and other shapes should be used so pupils remain flexible in their
understanding.

Pupils may well see that you can multiply the denominator by the whole number, then add the numerator, but
there are plenty of "rules" to remember already in fractions — this one is easy enough to visualise.

e OXONORL
1@ @ =14

U1|\J
I
||

=

e

5|
|
|
w

-blw
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Equivalent fractions
Some possible visual representations.

Experience in working with different representations of equivalence will make the leap to the numerical method
(multiply / divide numerator and denominator by the same number) more understandable.

2/12

-
e

8/12

6/9

4/6

2/3
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Adding and subtracting fractions
Using two 4 by 3 grids for adding quarters and thirds (to show equivalence).
Subtraction works the same but taking away squares at the final stage.

- Written method of making _

+ denominators the same
: 3,3 7T
s 10 4 .
X 2 X5
EEEE] 6 15/ 21 1 HRNNEER
¥ 20 20 20 20

Bar models to represent
equivalent fractions.
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Multiplying fractions

This emphasises the idea of "4 lots of
2/3", as opposed to 2/3 lots of 4.

Keep the "wholes" separate to avoid
confusion (e.g. thinking that the answer
is 8/12).

2 1 2 1

—_— T e —

3 2 6 3

(numerator x numerator)

(denominator x denominator)

Readas:% of —1-

2 (find 2/3 of the half)

BIRCHENSALE
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2 . @®_ 2
Tk ENE

(multiply the numerator)

2
3

U)lN

Again, use an array whose dimensions match the
two denominators.

Emphasise the fact that multiplying by a fraction is
the same as finding that fraction "of" the first number.

This diagram can give students a clear understanding
of where the "rule" comes from (multiply the
numerators and the denominators).
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Dividing fractions (2 parts + 2 is 1 part)
Standard method: "flip the second @ . A 1
fraction, then multiply". 3 3 +2
(divide the numerator)
At KS2 (Y6) this may well be fine, 2 1
since understanding what is 3 o
actually going on is actually very OR...
Comp[icated_ (cut the 2 parts in half)
2 2
—_—t 2 = —=
3 6 +2
(multiply the denominator)
2 2
Alternative methods 3 6
May work at KS3?
1) Re-write both fractions with a common denominator:
2 1 10 3 This is still a very difficult concept to
T o =TT understand but does at least provide
3 5 15 15 opportunity to see that the answers
2) Now divide the numerators: obtained through the numerical approach

are sensible.
(xby3 isthesameas +by1/3)
1 3 1

3
—_— Y — = — = 1 —
Ad WP 2

. 1 AR 1
10f3=?=3§ oo ke O

n 1 "
Read as: How many% go into 7 ?
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Geometry & Measures

e Converting Units of Measure
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Converting units of measure
Emphasise prefixes and their meaning.
Show the (rarely used) in-between prefixes to reveal the (base 10) structure of the metric system.

Using ratio as a basis for conversion re-enforces a key topic in KS3 (especially using a multiplier
both "across" and "down" the ratio).

This topic provides an ideal opportunity for some history relating to the origin of metric measures
(and their relationship to imperial measures).

+ 10 + 100 + 1,000 =1.000

NN mw |

x 1,000
+ 1,000 + 1,000 -
& oY
/—\r\ m : cm
kg tonne 0.34m : 34cm
U x 1000 x 100
/—\ /’/ﬁ\)
x 1,000 x 1,000 km : m :cm

2.8 km:2800m:280000cm
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Algebra

e Manipulating Expressions — collecting like-terms
e Manipulating Expressions — expanding brackets
e Manipulating Expressions — factorising
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Manipulating Expressions — collecting like-terms
Emphasise vocabulary: 'ternv, ‘'like-ternv, 'variable’, "expression’.

Highlight terms using circles / or a highlighter — different colours to denote sets of like terms.
Go back to substitution / number calculations where misconceptions arise

(e.g: "Why is 3a + 5 not equal to 8a?" "lt's just like 3 x 8 + 5 is not the same as 9 x 8")
Emphasise equivalence of simplified expressions by showing the number equivalent e.g:

3a - 2a + 9a = 10a

3x5 - 2x5 + 9x5 = 10x5

15 —10 + 45 =50

(Understanding of BIDMAS is an essential prerequisite here).

3(x +2)+5
x | 3(x +2) =3x+6

Bx & 6) G 9=3x +11
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Manipulating Expressions — expanding brackets

It is useful to represent the expansion of brackets in many forms making links to number work in
particular through the use of the area model.

As well as including all combinations of + and signs, examples should include those where the
multiplier is a constant e.qg. just 5, a variable e.g. just x or more complex e.g. 3a.

Examples involving more than two terms inside the bracket are also useful to include.

% Expand(3(x + 2)

@- l X 2 2x +5 2x +5 2x + 5
X 2
) x 2 x|x| 5 |x|x| 5 [x|[x]| 5
A ) 6x + 15
3(x +2) =[3x+ 6 ~ -
Expand BT T3) 3(x +2) = < Zas >

I | | 3 3 X 2x 3 %5

| = 6x =15

3@3) =
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Manipulating Expressions — factorising

Students do not always link factorising expressions with looking for factors of numbers, so it is
useful to be explicit about the similarities.

This helps to reinforce the language of common factor and highest common factor, and these
topics could be revisited during starters.

When factorising into a single bracket, again using a variety of signs and types of terms
(numerical, algebraic) is useful.

3Xx 4

25 10

3 9x 12

7x

%,




