3 Averages and quantiles

In studying the following economics topics it will be particularly useful to understand,
calculate and interpret the mean, median and relevant quantiles:

®  poverty and inequality

m living standards

= labour markets

The first two topics involve analysis of income and wealth distribution data, both
between countries and over time. In the third topic, comparisons of the wages of different
types of employees (for example, by age or gender), both within an industry and across
different industries, are often presented in terms of averages and quantiles.

Mean and median

An average represents the ‘typical’ value in a set of data. The two types of average that
you need to know for AS/A-level economics are:

® the mean

m the median

These are the most frequently used kinds of average. If a discussion of data just refers to
the ‘average’ without specifying which type, then it is assumed to be the mean.

Mean

To find the mean of a set of values, add up all the values and then divide by the total
number of observations:

sum of all the values

mean= :
number of observations

The mean is used in a variety of economics contexts. Examples include:

= analyses of the labour market — for example, comparing average wage rates
between industries, genders, age groups etc.

® measures of economic performance — for example, average unemployment rate
over a period, average inflation rate, average income within an economy etc.

Q Worked examples

a Three families are comparing notes on how much money they spend per week on food.

Family 1 £140
Family 2 £100
Family 3 £90
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What is the mean amount of money that these families spend on food each week?
® The total number of observations is 3

® The sum of the values is 140 + 100 + 90 = 330
Therefore:
B Mean=330+3=110
So the mean amount of money that the families spend on the weekly food shop is £110.
One way of thinking about the mean is levelling out the numbers in the data set. In this case,

£140 + £100 + £90 = £330 =3 x £110

i.e. sharing out the total equally gives the mean.

Table 3.1 shows the inflation rates for three consecutive years. Calculate the mean inflation
rate over this period.

Table 3.1

Year 2012 2013 2014

Inflation rate (%) 1 -0.5 07

Notice that one of the inflation rates is negative. When adding up the values, remember that adding a
number with a negative sign is the same as subtracting the number.
m  The number of observations is 3
m The sum of the inflation rates is
1+(=05)+07=1-05+07=1.2
m Mean=12+3=04
So the mean inflation rate for the period 2012—14 is 0.4%.
If you think about levelling out the numbers in the data set:

1=054+07=12=3x%x04

It is interesting to note that in this example the mean figure, which is a positive value, can be
misleading for analysts since there was actually deflation (a negative inflation rate) in 2013.
Deflation is usually rare.

Median

If all the values in a data set are listed in order from the smallest to the largest, the
median is the value in the centre.

To work out the median:

m  Write the data values in order of size from smallest to biggest.

m  Count the number of observations.

m Ifthere is an odd number of observations, the median is the middle value.

®  [f there is an even number of observations, the median is halfway between the two

middle values (i.e. it is the mean of the two middle values, obtained by adding them
and then dividing by 2).

o Worked examples

a The following values are ticket prices for a local theatre. Find the median theatre ticket price.

£8 £53 £36 £48 £6 £22 £19
Step 1: write the values in order of increasing size.

6 8 19 22 36 48 53
Step 2: count the number of observations.

There are 7 data values, an odd number.

Step 3: identify the middle value(s) and find the median.

Among 7 data values, the middle value is the 4th one (with 3 values to the left and 3 values to the
right), and this is 22.

So the median ticket price is £22.

b The following data shows the quantity demanded per week for a local firm, over its first
6 weeks of business. Find the median quantity demanded per week over this time period.
5 30 29 52 50 54

Step I: write the values in order of increasing size.

5 29 30 50 52 54
Step 2: count the number of observations.

There are 6 data values, an even number.

Step 3: identify the middle value(s) and find the median.
The middle values are the 3rd and 4th, which are 30 and 50.

The median is halfway between these two:

50-30

median =30+ 40

(i.e. add half the difference between the two numbers to the smaller number), or

30+50:40

median =
(i.e. calculate the mean of the two middle numbers).

So the median quantity demanded over the 6 weeks is 40 per week.

9 Guided questions

Copy out the workings and complete the answers on a separate piece of paper.
1 Ten students, who all have part-time Saturday jobs, were asked how much they

earn per hour. The results are recorded i[i'TaI:_vle 3.2

Table 3.2
Student 1 2 3 4 5 6 7 8 9 10

Wage rate (£] 4 6 4 4.50 9 15 7 5 5 5.50
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3 Averages and quantiles

a Work out the mean wage rate for these students.
Step 1: this set of data has observations.
Step 2: add up all the values.

Sum of the data values =

Step 3: divide the sum of the data values by the number of observations to find
the mean.

Mean = .3 =

b Work out the median wage rate for these students.

Step 1: write out the wage rates from the smallest to the biggest.

4, 2 2 L] 2 5 ) ’ b}

Step 2: count the number of observations.

There are _ observations. Is this an even or odd number?
Step 3: identify the middle value(s).

What are the two wage rates in the middle?

Step 4: calculate the number halfway between the two middle values (see Worked
example b on page 31 for two ways to do this). This number will be the median.

2 The growth rate per annum (p.a.) for a country has been recorded over a 10-year

period. Table 3.3 shows the data. Calculate the average growth rate over this
period.

Table 3.3

Year 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013

(TR EMGAl 6.5 | 70 | 65 | 20 | 35| 50| 25| 15 | 40 | 40

If a question just asks for ‘the average’, without specifying which type, it is assumed
to be the mean. '

Step 1: this set of data has observations.
Step 2: add up all the values.

There are some negative growth rates. Remember that adding a number with a
negative sign is the same as subtracting the number.

Sum of the data values =

Step 3: divide the sum of the data values by the number of observations to find
the mean.

Mean = + =

In question 1 you will notice that the mean is considerably higher than the median. Tt
is an example of how the mean may give a misleading picture of the ‘typical’ value of
the data when the data set contains extreme (i.e. exceptionally high or low) values.

In this case, although 7 out of the 10 students receive a hourly wage in the £4—£6
range, the mean is above this range, at £6.50. This is because an exceptionally high
value of £15 is pushing up the mean. The median, however, is not affected by extreme
values on either end, since it focuses on the middle of the data set. The median here is
£5.25 and provides a more representative value of the typical wage rate.

m The mean will be greater than the median if the data is spread out with more
extreme high values than extreme low values.

® The mean will be less than the median if the data is spread out with more extreme
low values than extreme high values.

0 Practice questions

3 Five graduates share a house. The annual salaries of the group are as follows:

£40000, £20000, £25000, £28 000, £30000

a  Work out the mean salary.
b Work out the median salary.

Table 3.4 shows data on the income before tax of two different age groups of
taxpayers in the UK, for the year 2012-13.

Table 3.4

Mean income before tax

| Median income before tax

Ages20-24 | £14500 | £16400

EAges 50-54 | £24500 £35800

Source: Gov.uk, National Statistics, adapted from 'Distribution of median and mean income

and tax by age range and gender 2012-2013"

The mean income before tax is higher than the median income before tax for both age
groups. Briefly explain what would cause this difference.

Table 3.5 shows the current account balance as a percentage of GDP for Germany and

the UK.

Table 3.5 Current account balance (% of GDP)

I 2011 { 2012 ’ 2013

Germany I 6.6 7.3

7.4

|

i | |
UK 4 ~1.4 ; -36 | ~42

I |

Source: 0ECD.Stat, Key Short-Term Economic Indicators: Current Account % of GDP
(http://stats.oecd.org/index.aspx?queryid=21764)

a Work out the mean current account balance for Germany, as a percentage of GDP,
over the period 2011-13.
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b Work out the mean current account balance for the UK, as a percentage of GDP,

%l._f
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opulation of approximately 63 million.
pep P Y Step 1: sort the data values in order of size, from smallest to largest.

Explain clearly what the above statement means.

1)) W
i over the period 2011-13. o Worked examples ~
—t . 3 ‘0 <
% & Wiy GnoTeRn PoSNERRI. (IR Stherrsgat a Over seven working days, Susan records how late her bus is on each day. The following are the &
3 6 In the UK, relative poverty is defined as the proportion of people who are living on numbers of minutes her bus is late by: g
o less than 60% of the median income. The median household income, after housing $
= ; : . . 8,8, 16, 5, 17, 10, 12
© costs, was £374 per week in 2012—13. The Office for National Statistics (ONS) g
o estimated that in 201213, the proportion of individuals living in relative poverty Find the median and upper and lower quartiles of this data. —
o - housi %. This represented 13.2 milli le out of a total ‘Quartiles: vided 10
© (after housing costs) was 21%. This represented 13.2 million people out of a tota | Quartiles’ means that the data should be divided into four equal groups. S
> >
<C —
()
™ )

5 8 8 10 12 16 17

(This involves explaining what the median measures in this context. Also try to work

out what 60% of the median income per week would be, which will help to explain SEpaibndihs nocae whioh Ehv o e Bt ntrdwio il s,

the above statement.) | The number of observations is 7, an odd number, so the median is the middle value, which is 10.

Step 3: look at each half of the data (to the left and to the right of the median), and find the median of
that half. This will give the lower and upper quartiles.

Quantiles

The topic ‘Quantiles’ is assessed at A-level only by AQA, Edexcel and OCR and at both
AS and A-level by WIEC/Eduqas and CCEA.

To the left of the median you have
5 8 8

- . ) .. . Thi dian of these three values is 8, so the lower quartile is 8.
When data is listed in order of size and divided into equal subgroups, the numbers that T ARG NIt T e q

separate the different groups, and sometimes the groups themselves, are called quantiles. | To the right of the median you have

The median is an example of a quantile. It is the middle number of a set of data values 12 16 17

arierédoy size, o itidswidenibe darinte tivadrlves. The median of these three values is 16, so the upper quartile is 16.

If the data values are ordered from smallest to largest and split into four equal groups,
the three numbers separating the groups are called quartiles. In this case, the median
separates the second and third groups and can be referred to as the second quartile. The

To summarise, you have

: : y o Lower ; Upper
lower (or first) quartile separates the first and second groups and divides the bottom half quartile Median quartile
of the data into two halves. The upper (or third) quartile separates the third and fourth
groups and divides the upper half of the data into two halves. 1 1 A
Data in economics is often organised by quintiles. This means that the data values are . ’ -
ordered from smallest to largest and split into five equal groups. [5 8 8] 10 [12 16 17]
In economics, deciles are also commonly used, where the data has been ordered by size b The following is data on total household income for Great Britain in 2010-12.
and split into 10 equal groups. ' Lower quartile Median Upper quartile
Percentiles are obtained when the data is divided into 100 equal groups. The lower (25th percentile) (50th percentile) (75th percentile)
quartile is equivalent to the 25th percentile, while the upper quartile is the same as the . Total household income £18000 £32100 £53500
75th percentile. Source: ONS Statistical Bulletin, ‘Wealth and Income, 2010-12" (published 3 July 2014). Data extracted from

| Table 1: Total household wealth and income, summary statistics: Great Britain, 2010-12.

It is unlikely that exam questions will require students to calculate quantiles, but an
overview of how this is done (shown in Worked example a and Guided question 1)
will make data presented in this way easier to understand and analyse. | Households in Great Britain were ranked in order from the poorest to the richest (in terms of

:‘ | household income). The lower quartile is‘the household income a quarter of the way through
the list. This is £18 000, which means that in 2010—12, a quarter (25%) of households in Great
Britain had an income of £18 000 or less.

i Explain what is meant by ‘lower quartile’.

' i‘ 3 Averages and quantiles




ii What fraction of households have an income between £32 100 and £53 5007

From the data, £32 100 is the median household income and £53 500 is the upper quartile.
The median household income is the middle value when all household incomes have been

listed in order from lowest to highest. It is halfway, or two-quarters of the way, through the
distribution. The upper quartile is three-quarters of the way through the distribution. This
means that one-quarter (25%) of households in Great Britain had an income between

£32 100 and £53 500.

ili Using the given data, comment on the distribution of household income.

The lower quartile is £18 000, which means that a quarter (25%) of households had an income
equal to or less than £18 000. The median household income is £32 100, which means that the
‘middle’ household income is £32 100, so a half of all households are poorer and a half are
richer than this. The upper quartile is £53 500, which means that the richest quarter (25%) of

households had income the same as or in excess of £53 500.
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0 Guided questions

Copy out the workings and complete the answers on a separate piece of paper.

1 The population of a fictional country is 10 people. Their weekly earnings,
measured in pounds, are shown below:

400, 350, 50, 150, 250, 400, 300, 300, 200, 150
a What is the median?
Step 1: sort the data values in order of size, from smallest to largest.

50, ] ] Ll 2 2

2 2 3

Step 2: find the median, which divides the data into two halves.

The number of observations is 10, an even number, so the median is halfway
between the two middle values.

The two middle numbers are and

Therefore the median is

b What is the lower quartile?

Look at the data to the left of the median, and find the median of this group .
of values. '

¢ What is the upper quartile?

Look at the data to the right of the median, and find the median of this group
of values.

2 Table 3.6 shows the distribution of disposable household income (as percentages
of total household disposable income) for the UK in 1979. What share of total
disposable income did the richest 40% of UK households have in 1979?

Table 3.6

Quintile groups of all households

Bottom

% of total household disposable income 10 14 18 23 35

Source: ONS Economic and Labour Market Review (16 December 2008), ‘The distribution of
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household income 1977 to 2006/07'. Data adapted from Figure 3: Shares of total equivalised

household income by quintile group.
Step 1: identify which quintiles represent the richest 40% of households.

Step 2: write down the percentages of total household disposable income for these
quintiles.

Step 3: add up the percentages in Step 2 to obtain the share of total disposable
income accounted for by the richest 40% of UK households.

Note: it is interesting to compare this answer with the share of total disposable
income that the poorest 40% of households have. The poorest 40% of households
account for 10% + 14% = 24% of the total disposable income.

G Practice questions

3 Seven students compare the wage rates they receive from their Saturday jobs:
£4 £6 £5 £8 £10 £4.50 £S5

a What is the median wage rate?
b What is the lower quartile of the wage rates?
¢ What is the upper quartile of the wage rates?

4 The following is data on total household wealth for Great Britain in 2010-12.

Lower quartile Median Upper quartile
Total household wealth £57000 £218400 £490900

Source: ONS Statistical Bulletin, ‘Wealth and Income, 2010-12" (published 3 July 2014).
Data extracted from Table 1: Total household wealth and income, summary statistics: Great
Britain, 2010-12.

a If households were lined up in order of increasing wealth, how much wealth
would the middle household have?

b What percentage of households have wealth of £57 000 or less?

¢ What proportion of households have wealth between £57 000 and £4909007

A

3 Averages and quantiles
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5 Table 3.7 shows the annual income before taxes paid or benefits received of quintile
groups of households for a fictional country, measured in pounds.

Table 3.7

Quintile groups of all households

Average income

5000 9000 20000 ‘ 40000 | 80000
per household (£)

I

a The data shows average income per household in each quintile group. Explain
what this means.

b What is the average income of households who fall into the top 20% of household
incomes in the country?

©¢  What is the ratio of the average income per household of the richest 20% to the
average income per household of the poorest 20%?

4 Money and index numbers

Index numbers

For all exam boards, the skill of interpreting index numbers is required at both AS and
A-level. The skill of calculating with index numbers is assessed at A-level only by OCR
and at both AS and A-level by AQA, Edexcel, WIEC/Eduqgas and CCEA.

Index numbers are used to track economic variables and make comparisons over time.

They are useful in a wide range of economic situations. Here are a couple of examples:

m  GDP — index numbers provide a quick way of showing how GDP has been changing
relative to the GDP of a particular time period, such as the financial crisis.

m Inflation — inflation rates are calculated using index numbers such as the consumer
price index.

To define index numbers for an economic variable, choose a base time period (usually
a base year) and set the index for this period to 100. Then compare the values of the
economic variable in other time periods to the value in the base period, using the formula

current figure %100

index number = = , :
figure in base time period

An index number allows you to quickly see the percentage change in a variable relative
to its value in the base period. For example, if 2008 is the base year and in 2009 the index
was 105 (which is 5 above 100), this tells you immediately that from 2008 to 2009 there
had been a 5% increase in the value of the variable.

Besides using the formula above to calculate index numbers, you can also work out
current and base year figures, given appropriate information, by rearranging the above
formula to the following versions:

index number

100
index number

100

current figure = figure in base time period x

figure in base time period = current figure +

Q Worked examples

a At a certain cinema, the price of a ticket rose from £5.00 in 2014 to £6.15 the next year.

i Calculate an index number for the cinema ticket price in 2015, assuming that 2014 is the
base year and therefore has an index equal to 100.

The base year is 2014 and its index number is set to 100. To calculate the index number for 2015,

A=

apply the formula:

current figure
figure in base time period

0300

£5.00
=123

x 100

index number =

4 Money and index hrumbers




