Multiplicative relationships unit plan

	Oral and mental starter
	Main teaching
	Notes
	Plenary

	Objectives B, D

(See prompts for language and visual images to use; also Framework, p. 69) 

Say fraction tables aloud (whole class together or taking turns), in different forms:

1 × 1/4 = 1/4, 2 × 1/4 = 1/2, …

1/4 of 1 = 1/4, 1/4 of 2 = 1/2, …

How do you find 1/4 of a number? (Link ‘of’ with ×.)

1/4 of 6 = 6/4 = 11/2, 2/4 of 6 = 3, 3/4 of 6 = 41/2, 4/4 of 6 = 6, …

How do you find 5/4 of a number? (Relate to ( 4 × 5 and to × 5/4.)

Generate proportional sets in an ordered sequence: e.g. multiples of 10 with multiples of 4, alternating between terms of the two sets.


	Phase 1 (four lessons)
Objectives A, B, C, D, G (Framework, pp. 65, 67, 71)

Scaling numbers (perhaps two lessons)
How can you get from 5 to 8 using only multiplication and division?

(5 ( 5) × 8, (5 × 8) ( 5 or 5 × 8/5 (8/5 of 5).

Inverting this, how can you scale from 8 to 5? (8 ( 8) × 5, (8 × 5) ( 8 or 

8 × 5/8 (5/8 of 8).

Illustrate different methods graphically with line segments on sets of parallel number lines.

From similar examples establish a × b/a = b, also dividing by a then multiplying by b is equivalent to single operation of multiplying by b/a (called a multiplier or scale factor). Establish (multiplicative) inverse.

Consider decimal and percentage forms of scale factors: 

× 8/5 = × 1.6 = 160% and the inverse × 5/8 = × 0.625 = × 62.5% (and probably ( 1.6 as well).

Ratio and proportion

Consider relationships between two sets of numbers a and b. Identify multipliers for each pair of entries. Multiplier can also be called the ratio 

b : a. Where ratio is equivalent for each pair of numbers, the sets of numbers are in proportion. Establish inverse ratio a : b.

Give more tables of numbers: identify which sets of numbers are in proportion and which are not (for those in proportion, identify ratios a : b and b : a). 

If time allows, draw graphs of proportions, noting enlarging triangles.

Using ratio and proportion

Given sets of numbers in proportion, identify appropriate ratios and use to calculate unknown entries:
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Sets of numbers reduced to two entries can now be thought of as rows or columns – with unknown in any of the four positions:
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	Use pupil resource sheet ‘Parallel number lines’:
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Support: Start with easier numbers and scale factors. Introduce idea of multiplicative inverse but spend less time on it.

All pupils cover fraction, decimal and percentage forms, treating percentages as hundredths.

Extension: Pupils to make up tables for a partner to explore.

Link to shape and space work on enlargement (Shape, space and measures 3; Framework, pp. 212–5):
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Support: Keep unknown in second column. Start with easy scale factors.

Extension: Give examples with more than one unknown. Ask pupils to consider more than one way of finding an entry.


	Ask pupils to demonstrate examples and clarify methods.

Link to oral and mental starters:

•
3/4 and 41/2 are in the same fraction table, what could it be?

•
 (20,16) is a corresponding pair in a proportional set, what might the two previous pairs be?

Deal with issues relating to fraction, decimal, percentage conversion.

Ask pupils if they can generalise results, particularly that scale factor from a to b is b/a and from b to a is a/b.

Given scale factor, pupils use calculators to generate tables of numbers in proportion. Whole class to check some values.

Related idea:
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What numbers could go in the boxes? Is there a unique set?

Hand out pupil resource sheet ‘Multiplicative relationships: key results’. Work through it, asking pupils to give examples of their own.

	Objective D

Generate proportional sets (as a reminder of what they are).
	Phase 2 (one lesson)

Objective D

Describe practical situations and ask class whether they are in proportion. Why? Why not?

Cover these points:

•
Suggest units in which quantities might be measured.

•
Discuss concept of ‘rate’, linking units by ‘per’ or symbol /.

•
Tabulate possible sets of values and, if time, draw graphs.
	Types of example:

Distance/time at constant speed

•
Weight/cost at given unit price

•
Height/weight of a group of people

•
Mass attached/stretch in elastic 

•
Amount of meat/ size of burger

Link to algebra of linear functions (Algebra 3 and Algebra 5; Framework pp. 164–7,172–7).
	Ask for one or two examples identified as proportions and discuss circumstances under which they might not be so: e.g. travel at varying speed, exchanges of currency made on different days, etc.

	Objectives B, C

(Extend up to 15 minutes. See ‘Prompts for oral and mental starters’; also Framework pp. 61, 65, 73)

Working towards fluency:

•
Using calculators with ‘awkward’ numbers

•
Rapid conversion between ratio, fraction, decimal and percentage forms

•
Numbers and quantities, using rates, clearly stated … per …

Cover these calculations:

•
Expressing proportions: a/b

•
Comparing proportions: 

a/b < = > c/d

•
Finding proportions: 

a/b of…

•
Comparing quantities:

a/b of … < = > c/d of …

•
Using and applying rates, e.g. 4 machines need 17 hours maintenance, how long for 7 machines? (‘hours per machine’, multiplier 17/4)

(See ‘Prompts for oral and mental starters.’)


	Phase 3 (four lessons)

Objectives C, D, E, F, G (Framework pp. 3, 5, 61, 71–83)

Strategies for solving problems involving multiplication, division, ratio and proportion

Draw on problem bank, including some from shape and space and handling data.

Activities (may include mini-plenaries):

•
Choose one problem: discuss alternative strategies for solving; change numbers (e.g. make them more difficult) and consider how methods can be adapted; ask different or supplementary questions from same context. (See ‘Prompts for main activities in phase 3’.)

•
Choose small set of problems: concentrate on extracting and organising data (e.g. putting into tabular form) before deciding on possible methods of solution, rather than working problems through to an answer. (See ‘Prompts for main activities in phase 3.’)

•
Ask pupils to make up similar problems for a partner to solve.

•
Give part solutions and ask pupils to continue and complete solution or give a complete solution and ask pupils to evaluate efficiency of strategy chosen and to identify errors.

Problem-solving strategies to be taught:

•
Translate problem into a form that helps with the solution: e.g. extract appropriate data and put in tabular form 

•
Estimate answer: ask ‘Will it be bigger or smaller?’, ‘Will it be greater or less than 1?’, etc.; use knowledge of effect of multiplying or dividing by numbers greater than or less than 1.

•
Consider scaling methods by finding a multiplier.

•
When using unitary method, involving division, clarify rates expressed    part way to a solution: e.g. is it euros per pound or pounds per euro?
	Select suitable problems, ranging from level 5 to level 7.

Support: Include problems with ‘convenient’ or easy numbers, making informal/mental methods appropriate.

Extension: Replace with ‘awkward’ numbers, to force attention on general methods or to make problem more difficult.


	(Ideas for short plenaries, to be used as appropriate,)

Pupils to specify units on calculated rates:
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Pupils to suggest uses of strategies for solving multiplication and division problems in other areas of curriculum. (Possible homework to collect examples from other subject areas.)

Show figures translated out of a proportion problem. Pupils to suggest possible problems:
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Show complete but incorrect solution. Pupils identify existence of error by estimation, nature of error by examination of strategy.
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