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StatiSticS 3.2 Internally assessed 
3 credits

Apply linear programming methods in solving problems

Introduction
Linear programming is a method of optimisation, 
in which the maximum or minimum value of a quantity 
is found, given a set of constraints (restrictions 
expressed as inequations). This decision-making 
process is used in many areas of life, e.g. maximising 
profit or minimising costs.

In this standard you are required to:
• manipulate linear inequalities
• graphically represent linear systems in two 

variables that include inequalities
• optimise a function given constraints
• interpret solutions in context.

Drawing straight-line graphs
The equation of a linear graph will usually be given in 
one of two forms.

Gradient-intercept form y = mx + c
In equations of this form, m is the gradient and c is the 
y-intercept. To draw the line, plot the y-intercept (0,c) 
then use the gradient m to ‘step out’ to another point 
on the line. Alternatively, it may be more efficient to 
‘plot points’.

Example
Draw the graph of y = 2x + 4

Solution
y-intercept = 4 so plot the point (0,4)

gradient = 2 so the rise
run = 2

1
From the y-intercept move 1 step to the right 
then 2 steps up (to reach the point (1,6))

Join (0,4) and (1,6) with a straight line as 
shown.

Alternatively plot points: if x = 1, y = 6; 
if x = 2, y = 8 etc.

8

6

4

2

–2

–4 –2  2 4

 y = 2x + 4

x

y

General form ax + by = c 
For equations in this form, calculate the intercepts:
• for the y-intercept, substitute x = 0 and find y
• for the x-intercept, substitute y = 0 and find x

Plot and join these intercepts to draw the line.

Example
Draw the graph of 3x – 4y = 12

Solution
If x = 0 then

 3 × 0 – 4y = 12  [substituting x = 0 in 
3x – 4y = 12]

 y = –3  [solving]

So the y-intercept is (0,–3)

If y = 0 then

 3x – 4 × 0 = 12  [substituting y = 0 in 
3x – 4y = 12] 

 x = 4

So the x-intercept is (4,0)
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Plot these two points and draw a straight line 
through them.
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3x – 4y = 12

x

y

When drawing a graph, take care to use a suitable 
scale for the axes, so that intercepts with axes can be 
seen.

Example
Draw the graph of 2x – 3y + 60 = 0

Solution
Substituting  
x = 0 gives –3y + 60 = 0 so y = 20

Substituting  
y = 0 gives 2x + 60 = 0 so x = –30

The graph is as shown.
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Exercise A:  Drawing straight-
line graphs

1. Graph the following lines on the grid below. Label 
each line with its letter.

a. y = 3x – 2

b. y = 4 – 2x

c. y = 12 x + 4

x
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Answers
p.  369

2. Graph the following lines on the grid below.
a. y = – 1

4
x

b. y = 3

c. x = –2

d. y = 1 – 2x
3
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3. Graph all the following lines on the grid below. 
Label each line with its letter.
a. 2x + 6y = 12  b. 3x – 2y = 6
c. 3y – 3x = 9   d. 2y – x = 6

x

y

–6 –5 –4 –3 –2 –1  1 2 3 4 5 6

6

5

4

3

2

1

0

–1

–2

–3

–4

–5

–6

4. Graph the following lines on the grid below by 
adding a suitable scale to the grid. Label each line 
with its letter.
a. 10x + 50y = 100 b. 40x – 30y = 120
c. 20x + 30y = 150 d. 5x + 2y = 20

x

y

Linear inequations
A linear inequation uses inequality symbols  
(<, ≤, >, ≥) instead of the equals sign (=) used in 
linear equations.

< less than

≤ less than or equal to

> greater than

≥ greater than or equal to

For example, y = 2x + 6 and 3x – 4y = 12 are linear 
equations, and y < 2x + 6, or 3x – 4y ≤ 12 are linear 
inequations.

On a grid, the points that obey a linear equation lie in 
a straight line. Points obeying a linear inequation will 
form a region lying on one side of a line (the points 
on the line itself may or may not be included).

To sketch an inequation:
• first draw the boundary line (replace the 

inequality with an = sign): if the inequality has  
< or > use a dotted line (to indicate that 
points on the boundary line are excluded); if the 
inequation has ≤ or ≥ use a solid line (to indicate 
that points on the boundary line are included)

• then shade in the points obeying the inequality: 
to do this, test a point such as (0,0) to see if 
it satisfies the inequation (makes it true). If it 
does, then shade the side of the boundary line 
containing the test point; if the test point does 
not satisfy the inequation, then shade the other 
side of the boundary line.

Note: The test point must not lie on the boundary line.
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Example
Graph the inequality y ≥ 2x + 3

Solution
First draw the line y = 2x + 3 using a solid line 

[replace ≥ with =]

Then test the point (0,0) by substituting x = 0, 
y = 0 into the inequation. This gives

0 ≥ 2 × 0 + 3 which simplifies to 0 ≥ 3

As this is false, shade in the side of the line that 
does not contain (0,0).

The region of points (x,y) obeying the inequation 
y ≥ 2x + 3 is shown below.

y ≥ 2x + 3

x

y

 –4 –2  2 4 6

14
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6
4
2
0

–2
–4

Linear programming problems involve a system of 
inequations that must all be satisfied. In this case it 
is more practical to shade out unwanted regions 
of points (that don’t satisfy inequations), so that the 
final unshaded region is the set of points that satisfy 
all the inequalities. This region that satisfies all the 
inequations is called the feasible region.

Example
Find the region that satisfies the inequations:

 3x + 2y ≤ 12 ...(1)

 y ≥ 2 ...(2)

 y  ≤ 2x + 4 ...(3)

Solution
Equation (1): 3x + 2y ≤ 12

Draw 3x + 2y = 12 (plot and join (0,6) and (4,0))

Test (0,0) in the inequation: this gives 0 ≤ 12 
which is true.

So the required region includes the point (0,0): 
this is the region lying below the line.

Shade out the unwanted region above the line 
(which does not include (0,0)).

Equation (2): y ≥ 2

Draw y = 2 (horizontal line passing through 2 
on the y-axis).

Test (0,0) in the inequation: this gives 0 ≥ 2 
which is false (so shade (0,0) out).

So the required region does not include (0,0): 
this is the region lying above the line.

Shade out the region below the line.

Equation (3): y = 2x + 4

Draw y = 2x + 4 (y-intercept is (0,4), gradient 
is 2)

Test (0,0) in the inequation: this gives 0 ≤ 4 
which is true.

So the required region includes the point (0,0): 
this is the region lying below the line.

Shade out the region above the line (which does 
not include (0,0)).
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 y = 2x + 4

 y = 2

3x + 2y = 12

x

y

 –5 –4 –3 –2 –1  1 2 3 4 5

The feasible region is the central unshaded 
triangle along with its boundary lines. 

This is the region of points that satisfy all three 
inequalities.

For example (1,3) lies in the feasible region. By 
substitution (1,3) satisfies all three inequalities.
(3 × 1 + 2 × 3 ≤ 12, 3 ≥ 2, 3 ≤ 2 × 1 + 4).
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Exercise B: S ketching linear 
inequations

Sketch the feasible region for each of the following 
systems of inequations, shading out the regions that 
do not satisfy the inequalities.
1. x ≥ 0  y ≥ 0  y ≤ x
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y

2. x > 1  y > 2  y ≤ 6 – x
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y

Answers
p.  370

3. x + y ≤ 8
 x > 2
 y < 5
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4. x ≤ 5
 y ≤ 7
 3x + 2y ≤ 18
 10x + 8y ≥ 40
 x ≥ 0
 y ≥ 0
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5. x + 2y ≤ 12
 x + y ≥ 7
 x + y ≤ 10
 2x + y ≤ 12
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6. x – 3y ≤ 3
 2x + y ≤ 4
 y ≤ 2
 x ≥ 0
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7. 10x + 5y ≤ 50
 x ≤ y
 3x + 4y ≤ 24
 y ≤ 2x
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8. y ≥ 1
2

x
 2y ≤ 3x
 50x + 25y ≤ 100
 x ≥ 1
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Forming equations and inequations
When writing equations, first define the two decision 
variables which will be used to express the quantity 
to be optimised. Represent each decision variable with 
a different letter (often x and y).

Translate the information given in words into 
mathematical statements. Certain types of statement 
need to be considered carefully so that the resulting 
equation is not the ‘wrong way around’. It may be 
useful to list a few related values to see if they satisfy 
your equation.

Example
In a problem involving the numbers of students 
and teachers in a school, the following decision 
variables are defined:

S = the number of students in the school

T = the number of teachers in the school.

If the information states: ‘There are six times as 
many students as teachers at this school’, it may 
be tempting to write 6S = T

However this would be incorrect (in this 
statement the number of teachers is 6 times the 
number of students!)

Listing a few related values to check the actual 
relationship gives:

Teachers 
T

Students 
S

1 6
2 12
3 18

From this it can easily be seen that S = 6T

Note: If the information states that there are at 
least six times as many students as teachers at 
this school then S ≥ 6T

In linear programming problems, you may be required 
to form inequations. Again, testing a list of acceptable 
values can be useful.

Example
1. ‘Jack can’t buy more than 4 boxes of 

shapes.’
 If Jack can’t buy more than 4 boxes, he 

cannot buy 5, 6, 7, ... boxes
 If x is the number of boxes Jack can buy 

then x = 4, 3, 2, 1, 0
 So the inequation is x ≤ 4
2. ‘The number of cars is at least 3.’
 So the number of cars is 3, 4, 5, ...
 If x is the number of cars then the 

inequation is x ≥ 3
3. ‘The total weight of the apples and bananas 

is less than 20 kg.’
 If a = the weight of the apples and b = 

the weight of the bananas, then the total 
weight of the apples and bananas is a + b

 So the inequation is a + b < 20

When forming inequalities it is often useful to look for 
any totals given.

Example
A manufacturer makes chairs and tables.

Each chair takes 4 hours to manufacture, while 
each table takes 6 hours.

A chair costs $25 to make, while a table costs 
$60 to make.

A total of 50 hours and $1 000 is available for 
the manufacture of the items.

Define the variables as x = number of chairs,  
y = number of tables, and look for ‘totals’.

The time required to make x chairs is 4x hours; 
the time required to make y tables is 6y hours.

Linking total hours with hours required per item 
gives: 4x + 6y ≤ 50

Similarly, linking total cost with cost per item 
gives:  
25x + 60y ≤ 1 000
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Exercise C:  Forming equations 
and inequations

1. Write the following statements as a mathematical 
equation or inequation.
a. The sum of two numbers x and y is less than 8

b.  The sum of two numbers x and y is no more 
than 10

c. The sum of two numbers x and y exceeds 12

d.  For every 6 boxes of apricots (a) there is one 
container (c)

e. For every dog (d) there are at least 7 fleas (f)

f. For each car (c) there are at least 4 tyres (t)

2. Write two equations or inequations that reflect the 
following information.

 A motorcycle dealer has 250 bikes on his lot. 
There is a mixture of x off-road bikes and y  
on-road bikes. There are at least twice as many 
on-road bikes as there are off-road bikes.

3. A baker produces two types of specialty bread 
– ciabatta and focaccia. Each ciabatta loaf takes 
15 minutes to knead while each focaccia loaf takes 
25 minutes. Each ciabatta loaf requires 600 g of 
flour while the focaccia loaves require only 500 g 
of flour per loaf. The baker has 2 hours available 
for kneading and 4.5 kg of flour. Write inequalities 
to represent this information. (Hint: Take care with 
units.)

Answers
p.  370

4. At the gym Fiona spends time on two of the 
exercise machines – the stationary bike and the 
rowing machine. Fiona spends no more than one 
hour at the gym. She spends at least 15 minutes, 
but no more than 25 minutes, on the stationary 
bike. She spends at least 15 minutes on the 
rowing machine. For every 10 minutes she spends 
on the rowing machine, she spends at least 
15 minutes on the stationary bike.

 If x = minutes spent on the stationary bike 
and y = minutes spent on the rowing machine, 
write down which of the statements above that 
produced each of the following equations or 
inequations.
a. x + y ≤ 60

b. x ≥ 15

c. x ≤ 25

d. y ≥ 15

e. 3y ≤ 2x
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5. Theresa’s Statistics teacher gave her the following 
problem and asked her to translate the sentences 
into equations.

 A car yard sells three models of car: hatchbacks, 
saloons and four-wheel-drives. In order to best 
utilise the yard, the following requirements must 
be met:
•  the total number of saloons and four-wheel-

drives must not exceed the number of 
hatchbacks

•  the number of saloon cars must not exceed 
10% of the total number of cars

•  there must be at least as many saloons as 
four-wheel-drives

•  the number of four-wheel-drives must be less 
than 65% of the number of hatchbacks.

 Theresa decided to let:
 x = the number of hatchbacks purchased
 y = number of saloons purchased
 z = number of four-wheel-drives purchased.
 She writes the following equations. Determine 

if the equations are correct and if not, rewrite 
correctly.
a. x ≤ y + z

b. 9y ≤ x + z

c. y ≤ z

d. z < 0.65x

6. For a producer of beauty products, let x be the 
number of tubes of hand lotion and y be the 
number of bars of soap produced each day.

 Each tube of hand lotion costs $5 to produce and 
each bar of soap costs $2 to produce.

 A box of 24 tubes of hand lotion takes up 
0.01 cubic metres of storage space and a box of 
36 bars of soap takes up 0.02 cubic metres of 
storage space.

 Write in words what each of the following 
inequations would mean.
a. x ≥ 240

b. y ≥ 300

c. x + y ≤ 2 000

d. 5x + 2y ≤ 8 000

e. x
24

 × 0.01 + y
36

 × 0.02 ≤ 1
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Introduction to linear programming
Investigation:
The inequalities

y ≥ 2, y ≤ 2x – 4 and y ≤ –2x + 20 are shown on the 
graph below.

The feasible region is unshaded.

  2  4  6  8  10  12

20
18
16
14
12
10

8
6
4
2
0 x

y

On the above graph, mark in the following points and 
for each set of coordinates calculate the values of 
x + 3y, 2x – y and 3x + 2y.

Answers
p.  371

Point x + 3y 2x – y 3x + 2y
A (3,2) 9 4 13
B (6,2)
C (4,2)
D (9,2)
E (7,3)
F (5,4)
G (8,4)
H (6,5)
I (6,8)

At which point does the maximum value of:

x + 3y occur?

2x – y occur?

3x + 2y occur?

At which point does the minimum value of:

x + 3y occur?

2x – y occur?

3x + 2y occur?

What can you conclude about where the maximum 
and minimum values occur?

Linear programming
Linear programming is an optimisation technique 
which involves finding maximum or minimum values 
for an expression (the objective function) while 
satisfying a set of inequations called the constraints. 
The constraints define the permissible values the 
variables can take on. The constraints are graphed 
to form the feasible region – the area where 
all constraints hold true. This area is highlighted 
by shading out the areas that do not satisfy the 
constraints.

The vertices of the feasible region are the ‘corners’ 
where the boundary lines intersect (the coordinates of 
the vertices are found by inspection, or by solving the 
equations of the boundary lines simultaneously).

The coordinates of the vertices are substituted into the 
objective function to determine which point gives the 
maximum (or minimum) value of this function.

Do not assume you know which vertex will give the 
maximum/minimum – you must test at least two 

to three points (depending on the total number of 
vertices).

To find the maximum or minimum value for a 
function:
• identify the objective function (this will be what 

you are trying to maximise and is NOT plotted 
on the graph)

• identify the constraints, writing these as 
inequations

• graph the constraints, using x- and y-axes and 
shade out to find the feasible region

• find the coordinates of all the vertices 
of the feasible region (if possible, read 
the coordinates of the vertices from the 
graph; alternatively you may need to solve 
simultaneously the equations of the boundary 
lines (graphics calculators are useful for this).

• substitute the coordinates into the objective 
function to determine which point gives the 
maximum or minimum value.
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anSwerS

Achievement Standard 91580 (Statistics 3.8): 
Investigate time series data
Exercise A: Trends (page 2)
1. The long-term trend is that numbers of >7 earthquakes appear to be 

decreasing. There appears to be a cycle of maximum number every two 
to three years. The years 1943 and 1957 had unusually large numbers of 
earthquakes, while 1958 had an unusually low number of earthquakes.

2. Up until around Nov 2010, Bob’s electricity usage appeared to be 
increasing overall, whereas after this date his usage appears to be 
decreasing. This in fact corresponded to Bob having gas cooking 
installed. Minimum usage appears to occur each March, corresponding to 
one of the warmer months of the year. There is an outlier, where usage 
is higher than expected in January 2006, which may have been due to 
higher than expected temperatures requiring the use of air conditioning. 
Usage is higher than expected in September 2007 and September 2011, 
which may be due to colder than expected temperatures requiring extra 
heating.

3. The long-term trend is that the number of sunspots seems to be slightly 
decreasing. There is a cycle of approximately 11 years, which is the time 
between the maximum numbers of sunspots. The maximum number of 
sunspots seems to be between 120 and 280, dropping down to single-
digit numbers for the minimum numbers of sunspots. 

4. a.  Answers will vary, possibilities include: an event at school may result 
in a change in sales volume, or unusually cold weather may increase 
demand for hot chips.

b.  Answers will vary, possibilities include: changes in road markings, 
installation of lights, introduction of traffic-calming measures, 
changes in give-way rules, etc.

5. Student answers will vary.

Exercise B: Problem and purpose statements (page 6)
1. a.  An investigation will be carried out into the spending, by means of 

electronic card transactions, on durables in New Zealand in order 
to investigate and analyse trends and to make a forecast. The data 
provided is sourced from Statistics New Zealand Infoshare, recorded 
from 2002 to 2017 and records quarterly spending in millions of 
dollars.

b. Durables include items such as furniture, hardware and appliances.

2. a.  An investigation will be carried out into the number of sunspots 
per month in order to investigate and analyse trends and to make 
a forecast. The data has been sourced from WDC-SILSO, Royal 
Observatory of Belgium, Brussels and recorded from 1987 to 2017.

b. WDC-SILSO is the ‘centre for the production, preservation and 
dissemination of the international sunspot number’ and publishes 
daily the ‘International Sunspot Number’, which is calculated using a 
formula.

c. Sunspots are large areas on the sun’s surface which are cooler 
than the surrounding areas, and which are associated with strong 
magnetic fields. Sunspots appear as dark spots which move across 
the surface of the sun.

d. Sunspots are of interest as they have an indirect but significant 
impact on life on Earth. Sunspots are connected with other solar 
events, such as flares, which can cause magnetic storms that 
interfere with electronic and cell-phone communication and can 
disrupt electrical grids. By investigating trends it may be possible to 
determine when disruptions are more likely to occur.

3. Answers will vary; a possible answer follows.

a. An investigation will be carried out into the CO2 emissions from 
burning fossil fuels in a USA state, measured in millions of metric 
tonnes, from 1990 to 2002 in order to investigate and analyse trends 
and to make a forecast.

b. Carbon dioxide (CO2) is the primary greenhouse gas created by human 
activity – the main activity being the burning of fossil fuels such as coal, 
natural gas and oils. (Source: United States Environmental Protection 
Agency.) Fossil fuels are burned to create electricity, in transportation 
and in industry. This burning of fossil fuel has contributed to climate 
change by adding CO2 to the atmosphere, increasing the greenhouse 
effect and causing Earth’s temperature to rise.

4. Answers will vary; a possible answer follows.

 An investigation will be carried out into the average household size in 
China to investigate and analyse trends and to make a forecast. The 
data provided is sourced from the Chinese Statistical Yearbook, recorded 
from 1978 to 2008 and records the average number of people living in a 
household. During the last 30 years, China has seen major demographic 
changes. In the early 1970s China commenced a stringent one-child 
policy and it has been reported that the average family size in China has 
continued to shrink since this time. (Source: China.org.cn.) In addition it 
has also been suggested that with an improvement in the standard of 
living and housing conditions, the number of generations living in the 
same household has decreased, with multiple-generation households 
becoming fewer and fewer. (Source: Chinese Government Official Web 
Portal.) It would be interesting therefore to investigate how household 
size has changed over the last 30 years.

Exercise C: Analysis (page 13)
1. The long-term trend for family size in China is decreasing. The family 

size trend has decreased from approximately 4.8 people in 1977 to 
approximately 3.1 people in 2008. This equates to a decrease of around 
0.1 people per year over this period. While there has been a steady 
decrease in the trend of family size since 1977, in recent years, since 
the year 2005 approximately, the trend for family size appears to have 
levelled out, at around 3.1 people.

2. a.  The long-term trend for quarterly expenditure on fuel in New Zealand 
is increasing. It has increased from approximately $566 million to 
around $1 860 million per quarter. This is probably due mainly to the 
increase in price of fuel, which has risen from approximately $1.07 per 
litre in 2002 to $1.95 per litre in 2017 for 91 Octane (regular) petrol. 
There has also been an increase in the population size over this time 
period which will have contributed to the demand for fuel and hence 
to expenditure on fuel. The increase appears to have been at quite 
a steady rate, although there was a significant dip in prices in 2008 
before a return to a steady increase and another dip in 2014. This 
probably reflects the volatility observed in oil prices over this time, with 
increasing government taxes adding to expenditure on fuel.
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b. The trend indicates a rate of increase in fuel prices of around 
1 860 – 566

59
 = $22 million per quarter.

c. In 2008 the cost of fuel rose to a peak of $2.18 per litre (for regular 
petrol). ‘Price rises during 2008 were mainly due to increases in 
the international crude oil price.’ (Source: Ministry of Business 
Innovation and Employment.) This was referred to as the ‘Oil Shock’ 
of 2007–2008 and was caused by strong demand without increased 
production.

d. From 2009 to 2012 quarterly expenditure has increased from 
approximately $1 400 million to $1 800 million, i.e. an increase of 
approximately $29 million per quarter.

3. a.  The trend for the area of Arctic Sea Ice is decreasing and has 
gone from approximately 9.2 million square kilometres in 1990 to 
around 8.5 million square kilometres in 2011, i.e. a decrease of 
approximately 33 000 square kilometres per year over this period. It 
is highly likely this decrease is associated with global warming, as 
Arctic temperatures have increased at twice the rate of temperatures 
in the rest of the world.

b. The area of sea ice has seen a steady decrease since 1990; however, 
there were two years in which the rate of decrease appears to 
have been faster – in 1995 when the warmest summer on record 
occurred, and this is confirmed by the Intergovernmental Panel on 
Climate Change in discussing the loss of Arctic ice area, ‘The most 
significant contractions were detected in 1990, 1993, and 1995’. 
The rate of decrease also appears faster in 2007. ‘The summer of 
2007 saw a “perfect storm” of weather conditions favourable for ice 
loss. Unusually strong high pressure over the Arctic led to clear skies 
and plenty of sunshine. The polar vortex weakened, injecting large 
amounts of warm air into the Arctic.’ (Source: Weather Underground.)

4. a.
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b. The overall trend for the amount of alcohol from beer available for 
consumption between 2000 and 2017 has remained reasonably 
constant at around 3.1 million litres per quarter. From 2000 to 2008 
the trend appears to be slowly increasing, at a rate of around 9 
000 litres per quarter (rising from 3.1 million litres per quarter to 
3.4 million litres per quarter over the 8 years) before peaking in 
2008, followed by a gradual decrease of around 25 000 litres per 
quarter until 2012. Since 2012 consumption has been steady, at 
around 3.1 million litres per quarter.

c. The decreasing trend in alcohol from beer available for consumption 
from 2008 is confirmed by reports in the New Zealand Herald in 2013, 
‘Statistics New Zealand figures reveal beer sales have dropped from 
181 litres per adult in 1973 to 79 litres per adult in 2013. This figure 
marks the lowest level of beer sales since World War II.’ Lower sales 
would lead to lower production and availability. One theory for the 
decline in beer availability is given by Lincoln University’s Greg Ryan. 
He suggests that the reduction in beer sales may be a reflection of 
consumers becoming more discerning. With the emergence of craft 
beers, which are less likely to be part of a binge-drinking culture (as 
they are more expensive and generally consumed at a slower rate) 
people drink less beer.

d. 
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 The long-term trend for alcohol from spirits is that the amount 
available for consumption is increasing, rising from around 
1.4 million litres per quarter in 2000 to 2.5 million litres per quarter 
in 2017, an increase of approximately 16 000 litres per quarter (or 
around 65 000 litres per year). Up to 2008, the trends for TotalBeer 
and TotalSpirit were very similar. While alcohol from beer has shown 
a decreasing trend since 2008, alcohol from spirits continued to 
show an increasing trend until 2012, after which time the quantity 
of alcohol from spirits available for consumption has remained 
somewhat constant. This increase is probably associated with the rise 
in popularity of ‘ready-to-drink’ mixed drinks (RTDs). Previously beer 
has been the cheap drink of choice for young people but in recent 
years RTDs have taken its place, with the introduction of more items 
such as pre-mixed cocktails, designed to appeal to the youth market. 
This explanation is backed up by Professor Casswell, from Massey 
University’s Social Research Centre, who notes that New Zealand 
drinking patterns have changed dramatically in the past 20 years, 
with beer consumption declining steadily and with a large rise in 
popularity of ‘ready-to-drink’ mixes.

 It should be noted that while the trend for drinking spirits has 
increased, the actual volume available is still less than that of beer.

Exercise D: Further analysis (page 18)
1. a. Total range = 180 000 – 50 000 = 130 000 people

b. 13 000 people

c. The largest negative residual of approximately 10 000 people 
occurred in the third quarter of 2010, when the number of people 
unemployed was lower than expected for the time of year by 
approximately 10 000 people. This residual is probably due to a 
change in trend – the trend at this time appears to have flattened out 
prior to a sharp increase in late 2010. The largest positive residual of 
approximately 8 000 people occurred in the fourth quarter of 2010, 
when the number of people unemployed was higher than expected 
for the time of year by approximately 8 000 people. This residual has 
resulted from the sharp increase in unemployment observed at the 
end of 2010.

d. As these residuals are less than 10% of the overall range of the raw 
data, they are not considered of note.

2. a.  Overall range is approximately 3.2 million – 1.2 million = 
2 million litres per quarter

b. 200 000 litres

c. There is a large positive residual of approximately 400 000 litres in 
the last quarter of 2009. The largest negative residual occurs in the 
third quarter of 2011, of approximately 300 000 litres.

d. A large negative residual would indicate that the availability of 
alcohol from spirits was lower than expected for the time of year.

3. a.  The long-term trend is for prices of London houses to increase. The 
prices have gone from on average £100 000 in 1995 to £450 000 in 
2014. This represents an increase of around £18 000 per year over 
this period.

b. Prior to 2005 there appears to have been a steady increase in the 
average house price in London. After a levelling off in 2005, there 
was a period of quite rapid price increase until a maximum was 
reached in 2009. This corresponded with London being awarded 
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