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Overview

2.1
One quantity as a fraction of another

2.2
Adding and subtracting fractions

2.3
Multiplying fractions

2.4
Dividing by a fraction

2.5
Percentage increase and decrease

2.6
Expressing one quantity as a percentage of another

2.7
Compound interest and repeated percentage change

2.8
Finding the original quantity (reverse percentage)

Section 2.1 shows how to find one quantity as a fraction of another. Sections 2.2, 2.3, and 2.4 deal with the four rules (+, –, , ÷) and fractions. Sections 2.5 to 2.8 focus on all the common GCSE techniques at this higher level, that is, percentage increase and decrease, expressing one quantity as a percentage of another, compound interest, repeated percentage change, and reverse percentages.



Context

Fractions are used less and less, the more the metric system is used, but there will always be instances where using fractions is easier than their decimal equivalents. Percentages impinge on much of our everyday life – VAT, profit and loss, interest rates, income tax ....

AQA A references

AO2 Number and algebra: Calculations

2.1, 2.2
2.3c “calculate a given fraction of a given quantity, expressing the answer as a fraction; express a given number as a fraction of another; add and subtract fractions by writing them with a common denominator; ...”

2.3, 2.4
2.3d “... multiply and divide a given fraction ... by a unit fraction and by a general fraction”

2.5, 2.7, 2.8
2.3e “... understand the multiplicative nature of percentages as operators; calculate an original amount when given the transformed amount after a percentage change; reverse percentage problems”

2.5–2.8
2.3l “solve percentage problems, including percentage increase and decrease, and reverse percentages”

2.7
2.3n “represent repeated proportional change using a multiplier raised to a power”

2.8
2.3w “use calculators for reverse percentage calculations by doing an appropriate division”

AO2 Number and algebra: Solving numerical problems

2.5–2.8
2.4a “draw on their knowledge of operations and inverse operations ... in order to select and use suitable strategies and techniques to solve problems and word problems, including those involving ... repeated proportional change, fractions, percentages and reverse percentages ...”
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Answers to diagnostic Check-in test
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Chapter 2 • Fractions and percentages • Check-in test

1
Cancel down these fractions to their simplest form.


a
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2
Find the lowest common multiple (LCM) of 3 and 7.

3
Complete this table of equivalent fractions, percentages and decimals.


Fraction
Percentage
Decimal

a
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b
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c
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d

20%


e

75%


f

8%


g


0.9

h


0.16

i 


0.175

Incorporating exercise:
2A

Homework:
2.1


Example:
2.1
Key words

cancel


fraction

Learning objective(s)

· find one quantity as a fraction of another

Prior knowledge

Pupils should be able to do simple division.

Starter

Use a metre rule or draw one on the board. Show 20 cm on the rule and ask what fraction this is of the whole rule. Can this be simplified? Repeat with other numbers of centimetres. Now ask what fraction 20 cm is of 2 m, etc. Look at other measures, such as money or time.

Main teaching points

The first number in the problem becomes the numerator of the fraction and the second the denominator. 
Answers should be simplified if possible.

Common mistakes

Incorrect cancelling down.

Plenary

Use a circle and ask questions about angles of sectors, for example what fraction of a whole circle is 36°?

Incorporating exercise:
2B

Homework:
2.2


Examples:
2.2
Key words

denominator
lowest common denominator

equivalent fraction

Learning objective(s)

· add and subtract fractions with different denominators

Prior knowledge

Pupils need the skills of being able to find the LCM of 2 or 3 numbers, and being able to convert mixed numbers into improper fractions.

Starter

Ask pupils to find the LCM of a 2 and 3 b 2 and 4 c 2 and 5 d 5 and 7.

Ask pupils to change 3
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 into an improper fraction.

Main teaching points

Emphasise that the fractions are changed into equivalent fractions when they are being changed to make the denominators the same, in order that they can be added or subtracted.

Common mistakes

Not converting to equivalent fractions to make the denominators the same – simply adding or subtracting the numerators and denominators. Changing the denominators, but forgetting to change the numerators.

Plenary

Write this calculation on the board: 
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Discuss strategies of what to look for and how to make sure the answer is found most efficiently.

Incorporating exercise:
2C

Homework:
2.3


Examples:
2.3
Key words

cancel


denominator

numerator

Learning objective(s)

· multiply fractions

Prior knowledge

Pupils should be able to cancel fractions and know the multiplication tables up to 10  10.

Starter

Pose the following questions:

a
Cancel down 
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b
Cancel down 
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´

´

. Is this the same as a?


Yes – notice that the 5s cancel each other out.

Repeat with:

c
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 and 
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d
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Main teaching points

Cancelling (as in the starter) is not essential, but it is a very useful skill for making this type of question much easier, as the numbers involved are therefore smaller.

Common mistakes

Incorrect multiplications, for example 3  3 = 6, and converting a mixed number to an improper fraction incorrectly.

Plenary

Write this calculation on the board: 1
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  2
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Ask pupils for the two main methods of multiplying these two fractions, that is, once the mixed numbers are converted to improper fractions, would they cancel first or last? Which do they prefer and why?

Incorporating exercise:
2D

Homework:
2.4


Examples:
2.4
Key word

reciprocal

Learning objective(s)

· divide by fractions

Prior knowledge

Pupils must be able to multiply fractions.

Starter

Give the pupils a variety of questions involving multiplication of fractions.

For example, 
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  
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 and 1
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  
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Main teaching points

For some pupils showing that to divide by a fraction you simply multiply by the reciprocal, is not enough. You may have to explain why it works; giving simple examples such as 4 ÷ 
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 = 8 will help the pupils understand why.

Common mistakes

A range of mistakes can occur, but the two main ones are a simply dividing the numerators and denominators (as in multiplying) and b finding the reciprocal of the wrong fraction or of both fractions.

Plenary

With questions such as 
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 ÷ 
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 and 1
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 ÷ 3
[image: image38.wmf]3

1

, get pupils to give you step-by-step instructions on how to find the answers.

Incorporating exercises:
2E, 2F

Homework:
2.5


Examples:
2.5
Key words

multiplier
percentage increase

percentage decrease

Learning objective(s)

· calculate percentage increases and decreases

Prior knowledge

Pupils should know, for example, that 5% = 
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Starter

Ask the class, “If Alice gets £10 pocket money per week now, how much will she get after a 50% rise in her pocket money? How can we show the workings?”

Pupils will probably say: 50% = £5, so £10 + £5 = £15.

Explain the method of using the multiplier 1.5 for 150%, so £10  1.5 = £15.

Repeat for a 50% reduction in pocket money.

Main teaching points

For all but the weakest higher tier pupils, insist on the multiplier method whenever possible – it is much quicker and can save a lot of time in an exam.

Common mistakes

For an increase of say 5%, using the multiplier as 1.5 rather than 1.05. Also, correctly using the multiplier, but then adding it on to the original value.

Differentiation

Lower achieving pupils may not be able to understand the multiplier method, so let them take the easier but slower method of finding the percentage increase or decrease then adding or subtracting it from the original amount.

Plenary

Using a calculator, and without writing anything down ask pupils to:

· increase £75 by 75%
(£131.25)

· decrease £75 by 75%
(£18.75)

Incorporating exercise:
2G

Homework:
2.6


Examples:
2.6
Key words

percentage gain
percentage loss

Learning objective(s)

· express one quantity as a percentage of another

Prior knowledge

Being able to write one quantity as a fraction of another quantity is an immediate advantage to understanding this section.

Starter

Ask the class, “What is £10 as a fraction of £40?” (
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)

“What is £10 as a percentage of £40?” (25%)

Discuss how they calculated their answers.

Main teaching points

When expressing one quantity as a percentage of another, the original amount is the denominator of the fraction.

For profit and loss questions, pupils should learn the formula: profit / loss = 
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  100%

Common mistakes

Not using the original value as the denominator, but the new value after the increase or decrease.

Plenary

Pose the following questions:

· Express 40p as a percentage of £4 – ask what the obvious mistakes would be.

Sam buys a painting for £1500 and sells it for £2000. What is Sam’s percentage profit?

· If Sam had sold the painting for £1200, what would the percentage loss be?

Incorporating exercise:
2H

Homework:
2.7


Examples:
2.7
Key words

annual rate
principal

multiplier

Learning objective(s)

· calculate compound interest

· solve problems involving repeated percentage change

Prior knowledge

Pupils should be able to increase an amount by a percentage, preferably using the multiplier method.

Starter

Give the class the following problem:

Craig invests £100 in a savings account, which earns him 5% interest per annum.

How much does Craig have in the account at the end of the first year? (£105)

How much does Craig have in the account at the end of the second year? (£110.25)

How much does Craig have in the account at the end of the third year? (£115.76)

Discuss a quicker method to find out how much Craig had at the end of the third year?

(100  1.053)

Main teaching points

In order to speed up calculations for compound interest, it is important that pupils can understand and use the multiplier method from the previous section.

Get the pupils to learn and use the compound interest formula:

A = P 
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or, in multiplier form:
A = P (1 + x)n where (1 + x) is the multiplier.

Get the pupils to understand that these two formulae are identical, they appear different because of the form in which they are written.

Common mistakes

When doing the year-by-year method, premature rounding or incorrect rounding often leads to incorrect answers. When using the compound interest formula for depreciation, the pupils often forget that the ‘ + r%’ becomes a 
‘–r%’. Another common mistake is not reading the question properly – does the question ask for the total amount 
in the bank after n years, or for the total interest received after n years?

Differentiation

Lower ability pupils may only be able to work these questions out by calculating 1 year at a time. Encourage the higher ability pupils to use the compound interest formula.

Plenary

Pose these problems to the class:

· Mr Casio invests £1 000 000 for 5 years at an annual compound interest rate of 5%. By how much does his money grow?

· Miss Casio buys a car for £100 000 which depreciates by 5% per year. By how much has the car depreciated after 5 years?

· Mrs Casio invests £1 000 000 at a rate of 5% per annum, compound interest. How many years will it take for this money to reach at least £1.5 million?

Incorporating exercise:
2I

Homework:
2.8


Examples:
2.8
Key words

multiplier
unitary method

original amount

Learning objective(s)

· calculate the original amount after you know the result of a percentage increase or decrease

Prior knowledge

Pupils should be able to work out a multiplier, that is add to 100 if an increase, or subtract from 100 if a decrease, and express the result as a decimal. They should be able to work out the percentage of an amount.

Starter

Ask, “What is 30% of £200?”
 (£60)

200  0.3 = 60                        Write on the board and leave there.

Ask, “If you were told that 30% of an amount was worth £60, how would you find the original amount?”

Reverse the process:                    60 ÷ 0.3 = 200

Main teaching points

The quickest method is undoubtedly using the multiplier method, but many pupils will prefer a unitary method approach (see Worked examples 2.8).

Common mistakes

Not using the correct multiplier.

Differentiation

Try the multiplier approach first and fall back on the unitary method approach if needed. Alternatively, just use the unitary method approach.

Plenary

Get the pupils to help you with a few questions such as:

· VAT: 
An MP3 player costs £176.25 including VAT, how much would it have cost without VAT of 17.5%?

(£150)

· Salary:
Pam now earns £21 840 after a 4% pay rise. How much did she earn before her pay rise? 
(£21 000)

· Weight:
Paul keeps a diary of his weight. He lost 6% of his body weight in 1 month, then gained 6% of his new body weight during the following month. Did he gain or lose weight overall? What was the percentage change? If he weighs 75 kg now, what was his weight to begin with?
(Lose by 0.36%; 75.3 kg)
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Fractions and percentages





2.7	Compound interest and repeated percentage change





1.1	Solving real problems





2.6	Expressing one quantity as a percentage of another





1.1	Solving real problems





2.5	Percentage increase and decrease





1.1	Solving real problems





2.4	Dividing by a fraction





1.1	Solving real problems





2.3	Multiplying fractions





1.1	Solving real problems





2.2	Adding and subtracting fractions





1.1	Solving real problems





2.1	One quantity as a fraction of another





1.1	Solving real problems





2.8	Finding the original quantity (reverse percentage)
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