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Resources Teaching of Mathematics

Mastery Professional Development
2 Operating on number

Making connections

The NCETM has identified a set of six ‘mathematical themes’ within Key Stage 3
mathematics that bring together a group of ‘core concepts’.

The second of these themes is Operating on number, which covers the following
interconnected core concepts:

2.1 Arithmetic procedures
2.2 Solving linear equations

This guidance document breaks down core concept 2.7 Arithmetic procedures into five
statements of knowledge, skills and understanding:

2.1.1  Understand and use the structures that underpin addition and subtraction
strategies

2.1.2 Understand and use the structures that underpin multiplication and division
strategies

212 Know, understand and use fluently a range of calculation strategies for addition
and subtraction of fractions

214 Know, understand and use fluently a range of calculation strategies for
multiplication and division of fractions

215 Use the laws and conventions of arithmetic to calculate efficiently

Then, for each of these statements of knowledge, skills and understanding we offer a set
of key ideas to help guide teacher planning.



2.1 Arithmetic procedures

Please note that these materials are principally for professional development purposes. Unlike a textbook
scheme they are not designed to be directly lifted and used as teaching materials. The materials can support
teachers to develop their subject and pedagogical knowledge and so help to improve mathematics teaching
in combination with other high-quality resources, such as textbooks.

Overview

An understanding of and ability to use standard arithmetic procedures for all four operations with
integers and decimals, as well as procedures for some calculations with fractions, should be well
established at Key Stage 2. Work in Key Stage 3 should develop this both conceptually and procedurally
by:

ensuring students have a strong understanding of the mathematical structures that underpin
these standard procedures

ensuring students generalise these standard procedures with integers, extending to use with
decimals, and appreciate that the structures are the same

extending work on fractions to include multiplication of any two fractions and the division of any
fraction by another

building on students’ Key Stage 2 experiences of positive and negative numbers to develop a full
understanding and fluency with procedures for all four operations with directed numbers.

Students should also develop fluency with a range of calculation approaches and techniques involving
combinations of numbers (positive and negative integers, decimals and fractions) and operations. They
should develop an ability to exploit number relationships and structures in order to calculate efficiently.
For example, students should notice that the calculation 0.43 X 26.2 + 2.62 X 5.7 can be transformed into
0.43 X 26.2 + 26.2 X 0.57 and so simplified to (0.43 + 0.57) x 26.2, which is equal to 26.2.

Key to students’ development in Key Stage 3 is not only a secure proficiency with arithmetic procedures,
but also a connected understanding of the underlying concepts and an ability to think and calculate
creatively with complex and multi-faceted calculations.

Prior learning

Before beginning to teach Arithmetic procedures at Key Stage 3, students should already have a secure
understanding of the following from previous study:

Key stage Learning outcome

Upper Key Stage 2 Add and subtract whole numbers with more than four digits, including using
formal written methods (columnar addition and subtraction)

Multiply and divide whole numbers and those involving decimals by 10, 100
and 1000

Multiply multi-digit numbers up to four digits by a two-digit whole number
using the formal written method of long multiplication

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
number remainders, fractions, or by rounding, as appropriate for the context
Divide numbers up to four digits by a two-digit number using the formal
written method of short division where appropriate, interpreting remainders
according to the context
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Use their knowledge of the order of operations to carry out calculations
involving the four operations

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

Solve problems involving addition, subtraction, multiplication and division
Use estimation to check answers to calculations and determine, in the
context of a problem, an appropriate degree of accuracy

Add and subtract fractions with different denominators and mixed numbers,
using the concept of equivalent fractions

Multiply simple pairs of proper fractions, writing the answer in its simplest

1.1 _1
form(e.g. -3 - =
(94 2 8)

Divide proper fractions by whole numbers (e.g. % -2 %)

Multiply one-digit numbers with up to two decimal places by whole numbers
Use written division methods in cases where the answer has up to two
decimal places

Use negative numbers in context, and calculate intervals across zero

You may find it useful to speak to your partner schools to see how the above has been covered and the

language used.

The prior learning is covered in a number of the segments from Spines 1, 2 and 3 of the NCETM primary
mastery professional development materials’.

Checking prior learning

The following activities from the NCETM primary assessment materials? and the Standards & Testing
Agency’s past mathematics papers? offer useful ideas for assessment, which you can use in your classes

to check whether prior learning is secure:

Reference Activity
Year 6 page 15 Find numbers to complete these number sentences.

736 +23= X 100=2400 X 100=10x

7360 +230= 25 x =200 25 % =4x

230%x 24 = 23 X =161 23 x =161x

240x 23 = 24 X =168 24 X =168 X

1668 +8 = 161 + =23 161 + =23X

208.5x 8= +25=9 +25=9X%
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Year 6 page 16

Work out:

1 84x3+84x%x7
7 6.7x5-0.67 x50
793x0.2+0.8%x93
172x4+36x%x8

Year 6 page 22

In each number sentence, replace the boxes with different whole numbers less than
20 so that the number sentence is true.
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2016 Key Stage 2
Mathematics
Paper 1: arithmetic
Question 33

Source: Standards & Testing Agency
Public sector information licensed under the
Open Government Licence v3.0
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2016 Key Stage 2
Mathematics
Paper 3: reasoning

A toy shop orders 11 boxes of marbles.
Each box contains 6 bags of marbles.
Each bag contains 45 marbles.

Question 11
How many marbles does the shop order in total?
Show your method.
Source: Standards & Testing Agency
Public sector information licensed under the
Open Government Licence v3.0
2016 Key Stage 2 5542 +17=326

Mathematics
Paper 3: reasoning

Explain how you can use this fact to find the answer to 18 x 326

Source: Standards & Testing Agency

Question 21 Public sector information licensed under the
Open Government Licence v3.0
2017 Key Stage 2 4 3
Mathematics X =
6 5

Paper 1: arithmetic

Question 15 Source: Standards & Testing Agency
Public sector information licensed under the
Open Government Licence v3.0

2018 Key Stage 2 43)645

Mathematics
Paper 1: arithmetic

Source: Standards & Testing Agency
Public sector information licensed under the

Question 22 Open Government Licence v3.0
2018 Key Stage 2 5 4 1 3

Mathematics

Paper 1: arithmetic X 8 6

Question 29

Source: Standards & Testing Agency
Public sector information licensed under the
Open Government Licence v3.0
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2018 Key Stage 2 1
Mathematics — +2=
. . 4
Paper 1: arithmetic
Question 31
Source: Standards & Testing Agency
Public sector information licensed under the
Open Government Licence v3.0
2018 Key Stage 2 9 _ 36+ 9
Mathematics ot 7T
Paper 1: arithmetic
Q ti 32 Source: Standards & Testing Agency
uestion Public sector information licensed under the
Open Government Licence v3.0
2018 Key Stage 2 2 6
Mathematics 4 ST 1 =

Paper 1: arithmetic

Question 35 Source: Standards & Testing Agency
Public sector information licensed under the
Open Government Licence v3.0

2018 Key Stage 2 A box contains trays of melons.

Mathematics
Paper 2: reasoning
Question 15

There are 15 melons in a tray.
There are 3 trays in a box.

A supermarket sells 40 boxes of melons.
How many melons does the supermarket sell?
Show your method.

Source: Standards & Testing Agency
Public sector information licensed under the
Open Government Licence v3.0
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2.1 Arithmetic procedures

2018 Key Stage 2
Mathematics
Paper 2: reasoning

The length of a day on Earth is 24 hours.
The length of a day on Mercury is 58% times the length of a day on Earth.

Question 23 What is the length of a day on Mercury, in hours?
Show your method.
Source: Standards & Testing Agency
Public sector information licensed under the
Open Government Licence v3.0
2018 Key Stage 2 Write the three missing digits to make this addition correct.

Mathematics
Paper 3: reasoning

Question 4
Source: Standards & Testing Agency
Public sector information licensed under the
Open Government Licence v3.0
2018 Key Stage 2 This is a diagram of a vegetable garden.

Mathematics
Paper 3: reasoning
Question 18

It shows the fractions of the garden planted with potatoes and cabbages.

cabbages
potatoes 1
2 4
3
carrots Not to scale

Show your method.

Standards & Testing Agency
Public sector information licensed under the
Open Government Licence v3.0
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