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 STATISTICS 3.8  Internally assessed
4 credits

 Investigate times series data

 Introduction
A time series is an ordered sequence of 
measurements of the same variable, usually made 
at equally spaced time intervals. Time series analysis 
has many practical applications, such as the study 
of global warming, environmental trends, economic 
forecasting, census analysis, yield forecasting, etc.

In this Achievement Standard you will analyse time 
series data in order to observe trends in data and 
make a forecast (there may also be past features of 
the time series that are of interest).

From a given multivariate data set you will choose an 
appropriate variable to investigate. (It is important to 
consider the raw data carefully and understand the 
context of the variables involved, prior to forming the 
problem, or doing any analysis.)

Using appropriate software, such as iNZight, you will 
produce times series graphs, discuss trends and make 
a forecast.

Your investigation should be structured using the steps 
in the Statistical Enquiry Cycle (PPDAC):
• Problem: using time series data to investigate 

trends and make a forecast, using research to 
develop the problem

• Plan: using iNZight, select and use an appropriate 
display for the time series.

• Data: when using an existing data source, state 
what this data source is and consider how up-to-
date, reliable and relevant it is (who will use the 
forecast?)

Note:  Where indicated, data sets are available as 
spreadsheets on the ESA website RESOURCES .

• Analysis: discussing trends; using research 
to explain observations; making a forecast; 
investigating other possible models and their 
effect on the forecast.

• Conclusion: communicating your fi ndings in a 
conclusion; discussing the accuracy, limitations 
and usefulness of your forecast; using research to 
validate the conclusion and inform suggestions for 
further investigation.

Trends
A time series graph displays trends in the data. 
There are two types of trend:

Long-term trends
• The overall trend – in the long run, the graph 

may appear to be increasing, decreasing or 
remaining constant.

• Long-term cycles – the graph may appear to 
rise and fall about the general long-term trend in a 
regular cycle (with a period greater than 2 years).

Short-term trends
• Seasonal variations (with a period less than 2 

years) are often connected with climate or season, 
and appear as regular patterns in the data values 
at corresponding times.

• Any random irregularities (spikes or dips in the 
graph).

• Residual values (the difference between an 
individual seasonal effect and the average 
seasonal effect for that data value).

• Steps or shifts in data values – an abrupt change 
in the sizes of data values, which is sustained (i.e. 
is not a spike or dip).

You may be able to use contextual knowledge, using 
background information about the data, to explain 
why various trends occur.
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Example

Q.   The time series graph below shows the carbon dioxide (CO2) content of the atmosphere measured at 
the Mauna Loa Observatory on the Big Island of Hawaii from 1973 to 1980.

Atmospheric carbon dioxide
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Data source: Qelp

Discuss any trends you can observe, giving possible contextual reasons for these trends.

A.   There is a long-term increasing linear trend, with CO2 levels in the atmosphere rising as time passes. 
This may be a result of increasing levels of pollution in the atmosphere.
There is a regular seasonal pattern.

 •  There are annual maximums of CO2 in May – these correspond to the northern hemisphere 
autumn/winter when carbon dioxide is released as a result of plants dying and rotting.

 •  There are annual minimum levels of CO2 in October – these correspond to the northern 
hemisphere spring-summer growing cycle when carbon dioxide is removed from the atmosphere 
due to photosynthesis.

 Exercise A: Trends
For each of the following graphs, discuss 
any trends you can observe, and give 
possible contextual reasons for these 
trends.
1. This time series graph shows 

the number of earthquakes of 
magnitude greater than 7 measured 
around the world between 1940 and 
1999.

Ans. p. 291
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  From the bootstrap confi dence interval it is a fairly safe bet that the difference between the population 
median armspan for all boys and girls in the database is between –1 cm and 6 cm. As zero is in this 
interval it cannot be claimed that there is a difference between the median armspans of the two 
groups back in the population.

 Exercise E:  Comparing two groups using confi dence intervals
1. A sample gave the following bootstrap confi dence interval for the difference in the median condylobasal 

length (a measure of skull length) of dolphins from the North Island compared with that of dolphins from the 
South Island.

16.00 31.51

21.50

21.50

 Complete the following sentences:
 It is a fairly safe bet that the median condylobasal length for all North Island dolphins is between 

 and  cm longer/shorter than the median condylobasal length for all South Island dolphins.

 We can therefore conclude that

Ans. p. 311
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2. A sample gave the following confi dence interval comparing the median FEV (forced expiratory volume 
expressed as a ratio) levels for smokers and non-smokers.

0.56 0.91

0.70

0.70

 Complete the following sentences:
 It is a fairly safe bet that the median FEV levels for all  is between  and

  higher than the median FEV level for all  . We can therefore conclude that 

3. A sample gave the following confi dence interval comparing the median FEV levels for males and females.

– 0.05 0.31

0.12

0.12
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 STATISTICS 3.12 Externally assessed
4 credits

  Evaluate statistically based reports

Introduction
It is easy to be put off when faced with a lot of words 
and data in a statistical report.

The purpose of this Achievement Standard is to learn 
how to make sense of all the words and data, and to 
evaluate the report. It is surprising how many reports 
get published, that have data and claims that are 
questionable!

Reading a report
In your fi rst reading of the report, see if you can 
understand what overall message the author of the 
report is trying to convey.

Then read the report in more detail, taking notes as 
you read, and/or using a highlighter to emphasise 
important aspects.

In Exercise A below, a template is provided to help 
you structure your response and keep you focused as 
you read the report (you may not be able to complete 
every part of this table on your fi rst reading of the 
report – fi ll in what you can and keep going back to it).

Note: If you fi nd that a report confuses you it will 
probably confuse other people too, and that will be a 
valid statement to make in your analysis.

When answering questions in this paper, comments 
should be factually based (there should be no 
speculation).

 Exercise A: Reading a report
1. Read through the following article from The Scotswatch 3 May 2012.

Scots slimming down a wee bit

In the past year the percentage 
of Scottish people of normal 
weight has increased slightly but 
overweight people still command 
a solid majority, according to the 
Centre of Dietetics in Bigtown.

At the end of March 2012, 37.9 
per cent of Scots were within the 
normal weight range, compared 
with 36.8 per cent a year ago, the 
Spratt-Good Health Index survey 
found.

Overweight and unhealthily obese 
Scots accounted for more than 60 
per cent of the population, it said.

The study said that it is very 
encouraging to note that obesity 
rates are declining in Scotland 
even though most Scots are still 
considered obese or overweight.

Figures from March 2011 indicated 
that overweight people made 
up 34.7 per cent of the Scottish 
population, and obese people 
26.7 per cent. The 2012 survey 
found 33.8 per cent of Scots to 
be overweight and 26.5 per cent 
obese.

The Centre of Dietetics offered 
some possible reasons for the 
change, although they stated 
the reasons were not clear 
cut. Amongst these were: the 
depressed economy meaning 
Scots tended to eat at home 
rather than eating higher calorie 
content take-away foods; their 
advertising campaign educating 
the population about health risks 
associated with obesity; and the 
increased availability of fresh 

fruit and vegetables with import 
restrictions having been lifted.

The decline in obesity rates could 
mean a decrease in healthcare 
costs, the study said. The 
spokeswoman for the Ministry of 
Health estimated medical costs 
associated with obesity were £1.73 
billion ($NZ3.39 billion) in 2009.

The study used self-reported data 
of height and weight to determine 
a score of body mass index and 
was based on telephone interviews 
with a random sample of 1,583 
people aged 18 and older. The 
margin of error was ±2.5%.

Ans. p. 320
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Using the table below, try to complete as many of the boxes as you can. If you are unsure of any of the terms 
used, read the following sections on defi nitions, sampling methods and sampling/non-sampling errors and then 
try to complete more of the table. 

Title of report

Source of statistically based report

 

Summary of statistically based report – A one-paragraph summary of the statistically based report 
including purpose of statistically based report and identifi cation of the population of interest.

 

 

Purpose of statistically based report

A description of measures and variables representations

 

Evaluation

A description of sampling method(s)

 

Evaluation
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Continuous uniform distribution

The probability density function, f(x), for a 
continuous uniform distribution is defi ned as

1
b – a for a ≤ x ≤ b

0, elsewhere
f(x) =

 Exercise K:  Uniform (or 
rectangular) 
distribution

1. The length of time, in minutes, that a customer 
must wait in a supermarket checkout queue is 
uniformly distributed between 0 minutes and 
7 minutes, inclusive.
a.  What is the probability that a customer waits 

fewer than 4.5 minutes?

b.  Given a customer waits more than 3 minutes 
what is the probability they wait more than 
5 minutes?

c.  Defi ne the probability density function for this 
distribution.

2. At the Comedy Fest, the time in seconds that 
members of the audience spend laughing after a 
joke follows a uniform distribution of between 0 
and 43 seconds.
a.  What does being uniformly distributed tell us 

about probabilities?

Ans. p. 330
b.  Find the probability that the audience laughs 

after a randomly selected joke for 
 i. between 5 and 19 seconds

 ii.  longer than 12 seconds, given that the 
laugh lasts more than 8 seconds.

c.  Give the probability density function for this 
distribution.

3. Draw the graph for the uniform distribution with 
the following probability density function (pdf).

 

1
4
 2.5 ≤ x ≤ 6.5

0 elsewhere
f(x) =

This means that in the above example a = 1.5, 
b = 2.0 and the equations of the lines used to draw 
the graph are:

2, for 1.5 ≤ x ≤ 2.0

0, elsewhere
f(x) =

since 1
b – a

 = 1
2 – 1.5

which is 2
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4. a.  Add the correct scale to the vertical axis 
for the uniform probability density function 
shown in the graph.

2.5 7.5

b.  Defi ne the probability density function for this 
distribution.

5. The amount of time, in minutes, that a person 
must wait for a train is uniformly distributed 
between 0 and 20 minutes, inclusive.
a.  What is the probability that a person waits 

fewer than 12.5 minutes?

b.  Ninety per cent of the time, the time a person 
must wait falls below what value?

6. The time it takes a six-year-old child to eat an ice 
cream is uniformly distributed between 1.5 and 
5 minutes, inclusive.
a.  What is probability that a randomly selected 

six-year-old child eats an ice cream in less 
than three minutes?

b.  Find the probability that a randomly selected 
six-year-old child eats an ice cream in less 
than 3 minutes given that the child has 
already been eating the ice cream for more 
than 2 minutes.

7. A plumbing company fi nds that the amount 
of time a plumber needs to unblock a drain is 
uniformly distributed between 1.5 and 4 hours. 

a.  Find the probability that fi xing a randomly 
selected blocked drain requires more than 
2 hours.

b.  Find the probability that fi xing a randomly 
selected blocked drain takes less than 3 hours.

c.  25% of blocked drains take longer than a 
certain time to unblock. Find the minimum 
time for the longest 25% of repair times.
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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 
profi t 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 effi cient 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 fi nd y
• for the x-intercept, substitute y = 0 and fi nd 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]

 –4y = 12

 y = –3

So the y-intercept is (0,–3)

If y = 0 then

 3x – 4 × 0 = 12

 3x = 12

 x = 4
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So the x-intercept is (4,0)

Plot these two points and draw a straight line 
through them.

4

2

–2

–4

–6

 –4 –2  2 4 6

3x – 4y = 12

x

y

 Exercise A:  Drawing straight-
line graphs

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

x

y

–5 –4 –3 –2 –1  1 2 3 4 5

5

4

3

2

1

0

–1

–2

–3

–4

–5

a. y = 3x – 2

b. y = 4 – 2x

c. y = 12 x + 4

d. y = – 1
4

x

e. y = 3

f. x = –2

Ans. p. 335

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

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
a. 2x + 6y = 12 b. 3x – 2y = 6
c. 3y – 3x = 9 d. 2y – x = 6

Sketching linear inequations

A linear inequation uses inequality symbols 
(<, ≤, >, ≥) instead of the = sign used in a linear 
equation, e.g. y < 2x + 6, or 3x – 4y ≤ 12

The points obeying a linear inequality 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 inequality:
• fi rst 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 line are excluded); if the inequation has ≤ or ≥ 
use a solid line (to indicate that points on the 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 
satisfi es the inequation (makes it true). If it does, 
then shade the side of the line containing the 
test point; if the test point does not satisfy the 
inequation, then shade the other side of the line.

Note: The test point must not lie on the boundary line.
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 ANSWERS

Achievement Standard 91580 (Statistics 3.8): 
Investigate times 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. 1943 and 1957 had unusually large numbers of 
earthquakes, while 1958 had an unusually low number of earthquakes.

2. Up until Nov 2000, 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 1994, which may have been due to higher 
than expected temperatures requiring the use of air conditioning. Usage 
is higher than expected in September 1997 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 170 to 200, dropping down 
to single-digit numbers for the minimum numbers of sunspots. There 
seems to be an unusually low number of sunspots given the time of the 
cycle in months 96, 126, 234 and 362.

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 traffi c-calming measures, 
changes in give-way rules, etc.

5. Student answers will vary.

 Exercise B: Smoothing the data (page 6)

1. a = 18.4, b = 23.8, c = 26.4, d = 27.4, e = 21.4, f = 16.6, g = 18.2

2. a = 7.426, b = 6.94, c = 6.346, d = 5.68, e = 5.27, f = 5.24, 
g = 5.122

3. 

Year
Divorce 

rate
Moving 
mean 3

Moving 
median 3

1982 1.1

1983 0 0.766667 1.1

1984 1.2 0.4 0

1985 0 0.833333 1.2

1986 1.3 0.9 1.3

1987 1.4 1.9 1.4

1988 3 2.033333 1.7

1989 1.7 4.133333 3

1990 7.7 4.566667 4.3

1991 4.3 4.8 4.3

1992 2.4 3.1 2.6

1993 2.6 1.666667 2.4

1994 0 2.9 2.6

1995 6.1 3.033333 3

1996 3 3.033333 3

1997 0 1.9 2.7

1998 2.7 1.766667 2.6

1999 2.6 4.133333 2.7

2000 7.1 4 2.6

2001 2.3 6.133333 7.1

2002 9 6.766667 9

2003 9 7.5 9

2004 4.5 4.5 4.5

2005 0 1.5 0

2006 0 1.533333 0

2007 4.6 2.3 2.3

2008 2.3 2.3 2.3

2009 0 0.766667 0

2010 0

Differences are observed where the mean is more affected by extreme values 
whereas the medians are unaffected by outliers. The median is represented 
by an actual rate from the raw data, rather than an averaged rate.

 Exercise C: Centred moving means (page 9)

1.

Quarter

Raw data 
(litres of wine 

produced)

Moving 
mean of 
order 4

(MM4)
Centred moving 

mean (CMM)

Mar-00 154.3   

Jun-00 147.5 157.5  

Sep-00 161.4 162.65 160.075

Dec-00 166.8 163.925 163.2875

Mar-01 174.9 168.375 166.15

Jun-01 152.6 173.825 171.1

Sep-01 179.2 165.675 169.75
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 INDEX

A
additive model for time series 50
additive seasonal effects 34
analysis (PPDAC) 1, 23, 61, 95, 

106, 119, 121, 148
appropriateness (of model) 81
arrangements 173
assumptions (data) 82, 83
average seasonal effect 12
B
baseline risk 180
Bernouilli trials 199
bias 82, 138
binomial distribution 199, 236
bivariate data 61
bootstrap confi dence interval 121 
bootstrap distribution 106
bootstrap sample 106
bootstrapping 106
bootstrapping rationale 106
boundary line 266
box-and-whisker plots 100
C
categorical (qualitative) data 138
categories 95
causal inference 131
causality 77,  81, 119
causation 138
census 95
centred moving mean 9
cleaning data 99
cluster sampling 98, 140
clusters 98, 100
coeffi cient of determination (R2) 79
combinations of random 

variables 196
comparing sample 

distributions 101

comparing two groups (using 
confi dence intervals) 109

comparison question 95
complement (of an event) 155, 160
complementary events 155, 169
computer-assisted telephone 

interviewing (CATI) 140
conclusion (PPDAC) 1, 43, 61, 95, 

119, 131, 148
conditional probability 169
confi dence interval 95,  106, 119, 

131, 142
confounding variables 138
consistent (simultaneous 

equations) 260
constraints 265, 272
continuity correction 217, 238
continuous distribution 224
continuous random variable 189, 

209
control group 119, 139
convenience sampling 140
correlation 81, 138
correlation coeffi cient (r) 69, 77, 79
creating new variables (time 

series) 50
cumulative binomial 

probabilities 199
D
data displays 100
data (PPDAC) 1, 61, 95, 119, 148
data (sample) 99
decomposed data 27
dependent (response) variable 68, 

119, 139
direction of linear relationship 79
discrete random variable 189

disjoint (mutually exclusive) 
events 166

displays of data 100, 119
dot plot 100
E
elimination method 245
equation of trend line 75
estimating standard deviation 237
evaluating reports 135
event 155
expectation algebra 194
expected gain 191
expected value 189, 191, 199
expected value (binomial 

distribution) 199
expected winnings 192
experimental design 119, 138
experimental estimates 

(probability) 236, 241
experimental probability 155, 236
experimental probability 

distribution 156, 236
experimental units 119
explanatory (independent) 

variable 68, 139
extrapolation 78
F
factorials (n!) 172
fair (game) 192
feasible region 267, 272
fi ve key summary statistics 100
forecast 1, 16, 43
G
gain 191
gaps (data) 100
general form (line) 265
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 FORMULAE AND TABLES

Permutations and combinations
nPr = n!

(n – r)!
 (nr ) = nCr = n!

(n – r)! r!

Mean and variance of a discrete random variable
µ = E(X) σ2 = Var(X)

 = ∑x.P(X = x) σ = SD(X)

   = (x – μ)2.P(X = x)

   = E(X2) – [E(X)]2

Continuous uniform distribution
The probability density function, f(x), for a continuous uniform distribution is defi ned as:

 
1

b – a , for a ≤ x ≤ b
f(x) = 
 0, elsewhere

Triangular distribution
The probability density function, f(x), for a triangular distribution is defi ned as:

 0 x < a 

x

f(x)

a c b

2
b – a

 
2(x – a)

(b – a)(c – a)  a ≤ x ≤ c

f(x) = 
 

2(b – x)
(b – a)(b – c)  c ≤ x ≤ b

 0 x > b

   Area of a triangle = 1
2
 base × height

Expectation algebra
E[aX + b] = aE[X] + b

Var[aX + b] = a2 Var[X]

E[aX + bY ] = aE[X] + bE[Y ]

Var[aX + bY ] = a2 Var[X ] + b2 Var[Y ],
 (if X, Y are independent)

Probability
P(A ∪ B) = P(A) + P(B) – P(A ∩ B)

P(A | B) = P(A  B)
P(B)


