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MATHEMATICS AND STATISTICS 2.9 Internally assessed
4 credits

 Use statistical methods to make an inference

 Introduction
We often want to fi nd out information about a 
population (the whole group of interest, such 
as all Year 12 students enrolled in New Zealand 
secondary schools). A population may take a variety 
of forms, and is not necessarily people; for example a 
population may be all 1.5 kg bags of fl our produced by 
a factory, or all lambs born in the Waikato in 2011, etc.

One way of fi nding out information about a population 
is to carry out a census, which is a survey involving 
all members of the population. However, a census is 
often expensive and diffi cult (or even impossible) to 
carry out.

Instead, a random sample is taken from the 
population and this smaller group is analysed. If the 
sample is well chosen then its features should be 
similar to those of the population. This will allow us to 
draw conclusions (inferences) about the population 
from which the sample was selected.

The statistical enquiry cycle
The statistical enquiry cycle (PPDAC) summarises the 
stages of a statistical investigation.

Conclusion

Problem

Plan

DataAnalysis

In this Achievement Standard, students will use each 
component of the statistical enquiry cycle to make 
inferences about populations, using samples of data 
from real-life situations.

Variables

A variable is a characteristic of interest. Variables may 
be:
• category variables, e.g. the size of a drink 

(small, medium or large); the status of an athlete 
(amateur, professional), or the Year level of a 
student (1–13)

• discrete numerical variables (values are found 
by counting and can be listed), e.g. the number 
of eggs in a nest, or the number of fl ights out of 
Auckland airport in a day

• continuous numerical variables (values 
are found by measuring), e.g. the weight of 
a bag (kg), or the length of a piece of music 
(seconds), or the amount of water in a bottle 
(millilitres)

When measuring the value of a variable, it is important 
to be very clear about how the measurement is to be 
done, so that all members of the sample are measured 
in the same way.

For example, a person’s height may be measured 
without shoes, with their back against a wall, using 
the same measuring scale for all people in the sample.

Measured values always need to be rounded. For 
example, heights may be rounded to the nearest 
centimetre.

In a multivariate data set (table of data) there may 
be several variables of various types for each member 
of the population.
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Example:

The beginning of a multivariate data set of data 
for a sample of Year 9 secondary school students 
is shown, with eight variables defi ned for each 
student.

Gender: Male or female

Bag carry: Shoulder used to carry schoolbag 
(left, right, both, neither)

Height: Height without shoes (to nearest cm)

Right foot: Length of right foot without a shoe 
(to nearest cm)

Wrist: Circumference of wrist (to nearest cm)

Neck: Circumference of neck (to nearest cm)

Index fi nger: Length of index fi nger (to nearest 
mm)

Number of siblings: How many brothers and 
sisters a student has

Student 
number 1 2 3 4

Gender male female male male

Bag carry right both neither right

Height 167 151 148 156

Right foot 27 21 24 22

Wrist 17 16 15 18

Neck 35 31 36 35

Index fi nger 66 61 68 66

Number of 
siblings 1 2 0 3

The category variables are: Gender and Bag carry

The discrete variables are: Number of siblings

The continuous variables are: Height, Right foot, 
Wrist, Neck and Index fi nger

These variables need to be measured in the 
same way for each student (the rounding is 
explained in the description of the variables at the 
beginning of the example).

In this standard, the same variable is compared over 
two different groups.

For example, the heights of male Year 9 students are 
compared with the heights of female Year 9 students; 
or the weights of eggs are compared for two different 
breeds of domestic hen.

The CensusAtSchool database is a collection 
of data (information) about New Zealand school 
students. This information is gathered from students 
(identities not revealed) who answer an online 
questionnaire about various aspects of their lives.

The data base has physical variables (e.g. height, 
foot length, reaction times), information about school 
subjects, sport and other activities, and opinions. 
Random samples of data can be taken automatically 
using the random sampling tool at
www.censusatschool.org.nz

Note: The CensusAtSchool database can be used when 
you want to know something about all students in New 
Zealand. Although it doesn’t have data for all school 
students in New Zealand, it has data from a large 
enough number of students to make it very similar to 
the population of all students in New Zealand.

 The problem
The problem will arise from things you notice around 
you, and wonder about. For example, you may notice 
that during intermediate school, girls seem to have a 
‘growth spurt’ before boys do, so you wonder if Year 8 
girls are generally taller than Year 8 boys.

Alternatively you may be given a multivariate data 
set, and asked to form a problem using the given 
variables.

Comparison questions

A suitable comparison question must be posed for 
your statistical investigation. This question will involve 
a comparison of a single variable over two different 
groups or categories in the population. You will need to 
decide on a suitable measure (parameter) such as a 
mean or median, to use to make this comparison.

Your question needs to be worded carefully so that it 
is clear:
• what groups are being compared
• which population the groups belong to
• which measure will be used to make the 

comparison
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4. A main road has a special 40 km h–1 speed zone 
activated for 15 minutes around home time (3 pm) 
on weekdays near a primary school (the usual 
speed limit is 50 km h–1). A local resident wonders 
whether this has been effective in causing traffi c 
to slow down during these 40 km h–1 speed 
zone times. Write down a suitable comparative 
question which could be used for this problem. 
Defi ne all variables and terms carefully.

5. A researcher wondered whether men use more 
petrol than women.
a.  Explain why this general question is 

unsuitable as a statistical question.

b.  Write down a suitable statistical question 
that could be used for an investigation into a 
particular aspect of this situation, defi ning all 
terms carefully and specifi cally.

 Plan and data
Plan
The next stage involves planning what you will do 
in the investigation. You need to decide what will be 
measured, and how you will measure it. You also need 
to decide how you will record those measurements.

In this standard a set of population data will be 
provided.
• A random sample needs to be chosen from 

the population – the size of the sample and the 
method of selection need to be decided.

• Recording of the results needs to be planned – 
tables or dot plots are useful for this. If you are 
sampling from a multivariate data set, the selected 
data can be highlighted in the list.

Sampling

There are many possible samples which can be 
selected from a population, and each sample will have 
characteristics that are different from those of other 
samples taken from the population.

When using a sample to fi nd out more about a 
population, the sample needs to be representative 
of the population (the sample should have 
characteristics that are similar to those of the 
population).

Sample size and variability

It is important to think about the size of the sample 
you plan to take.
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• Large samples take more time (and money) to 
collect and analyse, but give more ‘settled’ results, 
and will be more similar to the population.

• Small samples involve less work, but results can 
be very different from sample to sample, and 
therefore not of much use for fi nding out more 
about the population.

This variability between samples is a natural result 
of the sampling process. Variability between samples 
decreases as the sample size increases.
• Large samples have less variability between 

samples.
• Small samples have a lot of variability from sample 

to sample.

As a general guideline, sample sizes should be at least 
30 when making inferences about the populations 
from which the samples were selected.

Random sampling techniques

There are several techniques for selecting random 
samples, in which each member of the population 
has an equal chance of being chosen for the sample.

Simple random sampling

Each member of a population is assigned a number 
from 1 through to the total number in the population. 
Random numbers are then used to select the required 
sample. Random numbers can be generated using the 
Ran#Ran#  key on a calculator.

Example

A human resources manager has a numbered 
list of a company’s 500 male employees, along 
with their salaries and other details. As part 
of an investigation, the manager selects a 
representative sample of 30 male employees 
from this list, using the random number 
function on a calculator.

She entered 55 ++Ran#Ran# ==0000 11  and 
took the whole part of each number, ignoring 
repeats.

For example, the fi rst few numbers were 365, 
374, 86, 478, 489, 230, …

The details for each of these employees will now 
form part of her investigation.

Systematic sampling

Members are chosen at regular intervals from a list, 
using a calculated step size, and beginning at a 
randomly chosen starting point within the fi rst ‘step’.

Example

To choose a sample of 30 from a population of 
500 using systematic sampling, fi rst determine 
the step size by dividing the population size by 
the sample size:

Step size = 500 ÷ 30 = 17 (to the nearest 
whole number).

A random starting number between 1 and 17 (the 
step size) is then chosen, using simple random 
sampling techniques (17 Ran# + 1 =) to get the 
starting number, say 10.

Starting at 10 and adding 17 each time, the 
members of the investigation will have numbers:

10, 27, 44, 61, …, 486, 3

Note: The fi nal number is 486 + 17 = 503 (out of 
range), so subtract 500 to get 3. Alternatively, use 
simple random sampling to select a fi nal number.

Stratifi ed sampling

Stratifi ed sampling divides a population into strata 
(non-overlapping subsets) which are of importance 
in the survey. These strata are then represented 
proportionally in the sample.

Example

In a large enterprise, 40% of the workers are 
female and 60% are male.

A sample of size thirty is to be obtained.

If the stratifi ed method is used, based on gender, 
then
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Number of women in sample =  40% of 30
[40% of sample size]

  = 12

 Number of men in sample =  60% of 30
[60% of sample size]

  = 18

The 12 women and 18 men in the sample would 
be selected using the methods already described.

Cluster sampling

It may be possible to split a large population into 
smaller groups called clusters, with each cluster 
having the same characteristics as the entire 
population. One or more of these clusters can be 
chosen at random, then a sample drawn from this 
cluster using previous techniques.

Example

A large high school has fi ve ‘houses’ with a 
similar number of students in each. The principal 
would like to conduct a survey.

Describe how the principal could do this using 
cluster sampling.

Solution

Assuming that students in the school are spread 
evenly (by age, gender and ability) over the 
‘houses’, then each ‘house’ is a small-scale 
representation of the population of students 
in the school. It is therefore appropriate to use 
cluster sampling.

One of the ‘houses’ (a cluster) is chosen at 
random.

From this house, a sample is then taken. The 
method of sampling may depend on the survey.

Advantages and disadvantages of random 
sampling techniques

When describing the random sampling method to be 
used in your investigation, all steps in the technique 
must be fully described, and reasons given for your 
choice of method. 

Each sampling method has strengths and weaknesses 
which need to be considered. These are summarised in 
the following table.

Method Advantages Disadvantages

Simple 
random 
sampling

Uses whole 
population

Easy to apply 
for small 
populations

Unbiased

Time-consuming to 
identify each member

Expensive if population 
is large or spread out

Sample may not 
be representative, 
especially if sample is 
small or has strata

Systematic 
sampling

Quick 
technique

Easy to apply

Sample may not be 
representative if there 
are recurring patterns 
in the population list

Stratifi ed 
sampling

Represents 
‘interest 
groups’ in the 
population 
proportionally

Time-consuming 
method

Can be diffi cult to work 
out important strata

Cluster 
sampling

Quicker and 
cheaper than 
simple random 
sampling

Clusters may be large 
and just as diffi cult to 
access as the original 
population

Clusters may not be 
truly representative of 
population

There are other methods of sampling which are prone 
to bias. These include the following.
• Phone surveys – who has phones and is available 

to answer them?
• Self-selected surveys (e.g. responding to a 

newspaper survey because it’s a topic of special 
interest to a reader).

• ‘Man in the street’ surveys – who gets chosen?
• Incomplete surveys (non-response from randomly 

selected participants introduces bias).



AS 91264

10  Achievement Standard 91264 (Mathematics and Statistics 2.9)

© ESA Publications (NZ) Ltd  –  ISBN 978-0-908315-44-4  –  Copying or scanning from ESA workbooks is limited to 3% under the NZ Copyright Act.

Example

800 competition entries are sent in to a radio 
station in the fi rst week of a competition. A 
sample of size 100 is to be selected from these 
entries, using simple random sampling. Describe 
how this is done and justify the use of this 
method.

Solution

Number entries from 1 to 800.

Select 100 random numbers 
from 1–800, by pressing 
88 ++Ran#Ran# ==0000 11  

and taking the whole-number 
part of the number, ignoring 
any repeats.

Collect together entries 
corresponding to these 
numbers.

The justifi cations for using this method are:

i.  the method is easy to carry out with a fairly 
small sized sample such as 100

ii.  there are no obvious strata in the population 
which would require stratifi ed sampling

iii. it is quick to carry out this method

iv.  a sample of size 100 will allow accurate 
inferences to be made about the population 
– there is little variation in the statistics of 
samples of this size.

Data
Once collected, the data needs to be cleaned to 
remove any inappropriate or missing values (small 
obvious errors, such as an incorrect unit being used, 
may need to be corrected).

A data set may also need to be sorted so that its 
features can be seen more clearly.

 Exercise B:  Sampling methods
1. For each of the following situations, discuss at 

least one advantage and one disadvantage of the 
chosen method.
a.  A new range of bottled water is to be sold in 

supermarkets in Auckland. The manufacturer 
is going to conduct a phone survey to 
determine interest in this product.

 

 

 

 
b.  The local gym, Fitness Increased, wishes to 

survey its members on customer satisfaction, 
using a questionnaire mailed to customers.

 

 

Ans. p. 55
 

 
c.  ‘Tuck Shops Are Us’ provides and serves food 

in a high school. To fi nd ways of improving 
its customer service and food selection, it has 
devised a student questionnaire which will be 
placed in school tuck shops.

 

 

 

 
d.  The odometers on cars imported from 

overseas need to be checked to see if they 
are reading correctly and accurately. A simple 
random sample is taken. The odometer on 
each car in the sample is then checked.
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Mean = 163 + 160 + 167 + … + 165 + 157
25

 [sum of scores divided by number of scores]

 = 164 cm

Putting the data in order, the values are:

150, 153, 156, 157, 158, 160, 160, 161, 162, 
163, 163, 164, 164, 165, 165, 166, 166, 167, 
167, 169, 171, 173, 173, 173, 174

Median = 164 cm   [middle score is the 13th score]

Lower quartile (LQ) = 160 cm

 [middle of fi rst 12 scores is 160 + 160
2

 = 160]

Upper quartile (UQ) = 168 cm

 [middle of last 12 scores is 167 + 169
2

 = 168]

Minimum = 150 cm  [shortest height]

Maximum = 174 cm  [tallest height]

Range = 174 – 150  [maximum – minimum]

 = 24 cm

Interquartile range = 168 – 160 [UQ – LQ]

    = 8 cm

The following are more useful measures of spread as 
all data values are involved in their calculation.
• The variance (the average squared deviation of 

data values from their mean).
• The standard deviation (square root of variance).
The formulae and their use are shown below.

Example
For the data 4, 5, 6, 9, 11 the mean is

x̄ = 4 + 5 + 6 + 9 + 11
5

 = 7 [x  = n
x

]

Data x Squared deviation (x – x̄)2

4 (4 – 7)2 = 9
[for example, for 
x = 11, deviation 
from mean is 
11 – 7 = 4
squared deviation 
is 42 = 16]

5 (5 – 7)2 = 4

6 (6 – 7)2 = 1

9 (9 – 7)2 = 4

11 (11 – 7)2 = 16

∑x =35 ∑(x – x̄)2 =34

The variance s2 = 34
5

 [s2 = 
x x

n

2

]

 = 6.8

The standard deviation s = 6.8  [s = variance ]

 = 2.6 (1 d.p.)
Note: ∑ means ‘add up’.

Sample statistics such as the mean and
standard deviation are usually calculated 
automatically using a scientifi c calculator. 
(Graphics calculators offer an even wider 
range of statistical functions.)

Note that when fi nding the standard deviation σ n 
is generally used (σn – 1 is used when estimating a 
population standard deviation using the sample 
standard deviation).

 Exercise C:  Calculating sample 
statistics

1. For each data set, list the values in order of size 
from smallest to largest then fi nd

 i. the mean
 ii. the minimum value (Min)
 iii. the lower quartile (LQ)
 iv. the median
 v. the upper quartile (UQ)
 vi. the maximum value (Max)

 Insert your answers in the table on page 16.

Ans. p. 56

 a.  A random sample of 12 weights (in kg) of 
24-month-old children.

  11.9, 11.5, 14.7, 13.5, 13.0, 13.4, 12.1, 11.6, 
11.7, 13.0, 10.6, 12.2
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b.  A random sample of 12 distances (in km) 
travelled to a child-care centre.

  2.3, 1.7, 2.6, 1.5, 1.7, 2.3, 1.4, 1.3, 2.1, 1.5, 
2.3, 1.8

c.  A random sample of 12 heights (in cm) of 
24-month-old children.

 82, 87, 88, 91, 89, 81, 84, 89, 90, 86, 91, 88

Mean Min LQ Median UQ Max

a. 
Weights 

(kg)
 

b. 
Distance 

(km)
c. 

Height 
(cm)

2. A random sample of the actual weights (in grams) 
of thirty 500 g bags of rice is shown below.

506 506 507 507 501 501 522 508 506 507

504 504 498 497 503 505 493 510 508 508

506 510 505 511 505 502 508 503 489 505
 Calculate the mean, median, upper and lower 

quartiles for the data.

3. A sample of twenty-seven Year 12 boys was 
taken and their heights measured. The results 
are as shown. Use technology (calculator or 
spreadsheet), or otherwise to calculate the mean, 
median, upper and lower quartiles for the data.

178 172 170

172 180 180

185 178 175

177 173 170

195 174 177

172 159 177

173 187 186

179 174 182

182 161 165
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 At a swim carnival, Maree took a sample of times 
taken by 30 Year 10 competitors to swim a 25 m 
butterfl y race. She created an informal confi dence 
interval for the median time taken by all Year 10 
competitors in the carnival to swim this race:

 21.3 sec < median time (butterfl y) < 25.1 sec
a. What does this interval mean?

 Maree also created an informal confi dence 
interval for the median length of time taken by 30 
Year 10 competitors in the carnival to swim a 25 
m backstroke race. Her interval was:

 17.8 sec < median time (backstroke) < 21.0 sec
b.  Do the times in these two confi dence intervals 

for butterfl y and backstroke times overlap?

c.  Do you think there tends to be a difference 
between the median times taken to swim 
butterfl y and backstroke for all Year 10 
competitors at this carnival?

d.  How confi dent are you about your answer to 
part c.? Explain your answer.

Displaying confi dence intervals on 
box-and-whisker plots
An informal confi dence interval for a population 
median can be drawn onto a box-and-whisker plot, 
using a horizontal line through the centre of the box:
• the interval line runs from the value at the lower 

end of the confi dence interval to the value at the 
upper end of the confi dence interval

• the sample median line bisects the interval line 
(cuts it into two equal pieces).

Example
Using the data in the giant beetle example above, 
the box plot with confi dence interval is shown 
below.

40 50 60 70 76.665.4 80 mm

sample median – 1.5 × IQR
n

Box plot showing informal confidence interval 
for the population median beetle length

sample median + 1.5 × IQR
n

The line runs from 65.4 mm to 76.6 mm and is 
cut in half by the median line at 71 mm.

Comparing population medians using 
confi dence intervals
The sizes of the medians from two different 
populations can now be compared, using interval 
estimates of their values.

Take a sample from each population, draw a box-and-
whisker plot for each sample, then draw an interval 
estimate for each population median on the plot.
• If the confi dence intervals for the population 

medians do not overlap, then it is unlikely that 
the populations have equal medians. There is 
suffi cient evidence to make the claim that values 
of the variable from one population tend to be 
bigger/smaller than values of that variable from 
the other population.

• If there is an overlap of confi dence intervals for 
the population medians, then it cannot be said 
that medians are likely to be different back in the 
populations. There is insuffi cient evidence to make 
the claim that values of the variable from one 
population tend to be bigger/smaller than values 
of that variable from the other population.
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Example

The median lifetime (in hours) of Brand A
100-watt light bulbs is to be compared with the 
median life time (in hours)
of Brand B
100-watt light
bulbs.

Two suitably large random samples A and B 
are taken from the populations of light bulbs of 
brands A and B, and the lifetimes of each light 
bulb in each sample measured.

The following box plots are drawn for the lengths 
of the lifetimes (in hours) of the light bulbs in 
samples A and B. The informal confi dence intervals 
for each population median (brands A and B) are 
displayed (central dark horizontal lines).

600 700 800 900 1000 hours

Lifetimes of 100-watt light bulbsSample A
(Brand A)

Sample B
(Brand B)

It can be seen from the graphs that the informal 
confi dence interval for the population median 
lifetime (in hours) for a Brand A 100-watt bulb 
does not overlap with the informal confi dence 
interval for the population median lifetime (in 
hours) for a Brand B 100-watt bulb. So it is 
a fairly safe bet that the population median 
lifetimes for these two brands of 100-watt light 
bulb are not the same.

So there is suffi cient evidence to make the claim 
that the median lifetime (in hours) of a Brand B 
100-watt bulb is greater than the the median 
lifetime (in hours) of a Brand A 100-watt bulb, 
back in the populations.

 Conclusion
In the conclusion, you will use the analysis of your 
investigation to provide an answer to your question.

Always remember that your sample is only one of 
very many possible samples. In a good conclusion you 
must talk about this sampling variability. If you are 

not very confi dent about your results, say so. Discuss 
whether your fi ndings are what you expected.

Remember that all remarks should be made in the 
context of the investigation, using correct variable 
descriptions and units.

Example

Harry was comparing the same variable over 
two populations A and B. He took large random 
samples from each population and drew box-
and-whisker plots of his samples, using the same 
scale for both plots.

He then calculated interval estimates of the 
population medians (informal confi dence 
intervals) and plotted them, using horizontal lines 
in the boxes (each interval shows the range of 
values that the population median is likely to lie 
within, for that population).

Sample A

Sample B

Harry knew that about 90% of confi dence 
intervals constructed in this way would contain 
the population median. Since the two confi dence 
intervals did not overlap, Harry decided that it 
was unlikely that the two population medians 
were equal (no common values shared by the 
intervals). Harry thought it was a fairly safe bet 
that the median of B was bigger than the median 
of A, so he made the call that B tended to be 
bigger than A back in the populations.

Harry stated that, since his random sample sizes 
were large and the intervals were not close to 
overlapping, he was confi dent that if he repeated 
the investigation with a new sample he would 
get the same result again, and he would reach 
the same conclusion.

The University of Auckland software package iNZight 
can be used to produce box-and-whisker plots with 
informal confi dence intervals for population medians. 

Note: The latest version of iNZight (v2.1) can 
automatically provide the upper and lower limits of 
the confi dence interval (select ‘Get values’).
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 ANSWERS

 Exercise A:  Posing comparison questions (page 3)

1. a. i. Category  ii. Continuous

  iii. Continuous  iv. Discrete numerical

  v. Continuous  vi. Discrete numerical

b. i. A  ii. C, D  iii. B, D, E

 iv. D  v. A  vi. C vii. E, D

2. Answers will vary, examples are given.

a. Is the median sodium content of blue cheeses sold in 
New Zealand supermarkets higher than the median sodium 
content of hard cheeses sold in New Zealand supermarkets?

b. Is the mean total fat content of hard cheeses sold in New 
Zealand supermarkets higher than the mean total fat content of 
soft cheeses sold in New Zealand supermarkets?

c. Is the median energy content of soft cheeses sold in 
New Zealand supermarkets higher than the median energy 
content of blue cheeses sold in New Zealand supermarkets?

3. a. i. and ii.
 Answers may vary.

 Height (m) rounded to 2 d.p. (nearest centimetre); Weight (kg) rounded 
to nearest whole number; Foot length (cm) rounded to nearest whole 
number; Arm span (cm) rounded to nearest whole number; Reaction 
time (sec) to 2 d.p.; Weekly money (dollars) rounded to the nearest 
whole number.

b. Answers will vary, examples are given.

  i.  Height: Measured without shoes against a wall with a 
height scale marked.

  ii.  Weight: Same scales used for all weights, in uniform 
without shoes.

  iii.  Foot length: Length of right foot without a shoe; heel 
against a wall.

  iv.  Arm span: Open arms wide and measure distance from 
tip of right hand middle fi nger to tip of left-hand middle 
fi nger.

  v.  Reaction time: Measured using an electronic test which 
automatically records time (diffi cult to measure accurately 
using stop watches manually).

  vi.  Money: Average income per week from all sources (pocket 
money/jobs, etc.) over the last four weeks.

c. i. Suitable

  ii.  Unsuitable, comparing two variables (arm span and 
height) for the one subject.

  iii. Suitable

  iv. Suitable

  v. Suitable

d. Answers will vary. 

 Is the median reaction time (in sec) of senior female secondary 
students in New Zealand faster than the median reaction time 
(in sec) of junior female secondary students in New Zealand?

 Senior students are defi ned to be Years 12 and 13, and junior 

secondary students are defi ned to be Years 9 to 11. Reaction 
times are recorded in seconds to 2 d.p., in a standardised 
electronically recorded reaction test. (For example, a green 
button is clicked to start the test. When the button turns red it is 
clicked again as quickly as possible.)

4. Do cars driving past the primary school on the main road between 
3 pm and 3:15 pm when the 40 km h–1 speed zone is in place have 
a mean driving speed (in km/h) that is slower than the mean driving 
speed (in km/h) of cars driving past the primary school on the main 
road between 3 pm and 3:15 pm when the 40 km h–1 speed zone is 
not in place?

 The speed is measured in km/h rounded to the nearest whole number, 
and the periods when the special speed zone is not in place could be 
on weekends or in holiday periods.

5. a. Terms used are not well-defi ned; the question is too vague.

b. Answer will vary a great deal, depending on what aspect is to be 
investigated.

 Exercise B: Sampling methods (page 10)

1. a.  Advantage: It is easy for the person to conduct the survey.
Disadvantage: Survey is restricted to those people with 
telephones (landlines listed in directory) who are at home to 
answer them. People with cell phones or no phone cannot be 
contacted.

b. Advantage: All gym members are available to be surveyed.
Disadvantage: Respondents to survey are self-selected (many 
may not want to answer). Only those with strong opinions will 
defi nitely answer.

c. Advantage: All tuck shop customers are available for the survey 
and are easily accessible.
Disadvantage: Not all students will visit the tuck shop (it is 
important to survey students who do not use the tuck shop 
and fi nd out the reasons). Self-selection will also occur amongst 
tuck-shop customers.

d. Advantage: No bias in results. This will give a fair indication of 
true reading accuracy.
Disadvantage: There are many different countries these cars 
come from and maybe this survey will not represent them all 
fairly. Also, it is diffi cult and expensive to get to all ports where 
cars arrive.

e. An advantage is that a lot of data can be collected in a short 
period. A disadvantage is that only people with the time and 
inclination to be involved will be interviewed, making the 
sample a self-selected one, which introduces bias.

f. An advantage is that the school roll is not listed by anything 
other than the fi rst letter of your surname, so that this is a 
quick and easy way to get a list of students in the school. A 
disadvantage is that these students are likely to be scattered 
through the school, making data collection diffi cult. Also, 
students from the same family share the same surname and so 
will all be included in the survey, introducing bias.



IN
D

EX

© ESA Publications (NZ) Ltd  –  ISBN 978-0-908315-44-4  –  Copying or scanning from ESA workbooks is limited to 3% under the NZ Copyright Act.

 INDEX

 analysis 14, 46
average 14

bar graph 23
box-and-whisker plots 22, 37

category variable 1
census 1
CensusAtSchool database 2
central tendency 14
cleaning data 10
cluster sampling 9
clusters 9, 21
comparison question 2
conclusion 46
continuous numerical variable 1

data 2, 10, 46
discrete numerical variable 1
displaying sample 

distributions 21
distribution 21
dot plots 7, 21

estimate (parameter) 33
extreme values 21

gaps 21

histogram 23

inference 1, 33
informal confi dence interval 34, 

37

interquartile range (IQR) 14
interval estimate 34
iNZight 38

lower quartile 14

mean 14
measures of centre 14
measures of spread 14
median 14
mode 14
multivariate data set  1

negatively skewed 21, 22

outliers 21
overlap 33

parameter 2
plan 7, 46
point estimate 33
population 1
population distribution 21
population median 33
positively skewed 21, 22
problem 2, 46

quartiles 14
questionnaire 2

random number 8
random sample 1, 7, 8
random sampling techniques 8, 9
range 14

recording results 7
representative 7

sample distributions 21, 28
sample median 33
sample size 7
sample statistics 14
sampling 7
sampling variability 34, 38
side-by-side dot plots 28
side-by-side box-and-whisker 

plots 29
simple random sampling 8
skew 21
skewed left 21
skewed right 21
spread 14
standard deviation 15
statistical enquiry cycle (PPDAC) 1
strata 8
stratifi ed sampling 8
summary statistics 22
symmetric 22
symmetry 21
systematic sampling 8

tables 7

upper quartile 14

variability 8
variable 1
variance 15


