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A description of the sample size Evaluation

An overall evaluation of the effectiveness of the statistically based report

 

 

Note: Further copies of this table are available on pages 44–47.

 Defi nitions and terminology
Before you can analyse a report properly you need to 
revise the following terms.

1. Population of interest
 This is the total group about which you are 

trying to make an inference (using a sample of 
collected data). For example, if you are interested 
in the average daily time Year 13 Statistics 
and Modelling students in New Zealand spend 
completing homework, then the population 
of interest would be all Year 13 Statistics and 
Modelling students in New Zealand. If you are 
interested in the average number of texts per 
day that Wellington secondary school students 
send, then the population of interest would be all 
Wellington secondary school students.

2. Variables of interest
 Variables are characteristics or properties of 

the people or objects, etc. being researched. 
For example, if a researcher was investigating 
the relationship between the length and weight 
of babies born in Christchurch in 2011, then 
the variables of interest would be ‘the length 
of a baby born in Christchurch in 2011’, and 
‘the weight of that baby’. If a researcher was 
investigating how Level 1 NCEA students in 

Dunedin performed in their exams, then the 
variable of interest would be the ‘grade point 
average (GPA) score of the Level 1 NCEA student 
in Dunedin’.

3.  Numerical data (also known as quantitative 
data)

 Numerical data is information presented as 
numbers which can be ordered by size – for 
example, a GPA score is written as a number, and 
GPA scores can be put in order of size, so GPA 
scores are numerical data.

4.  Categorical data (also known as qualitative 
data)

 Categorical data is information that is given as 
a word, letter or even a whole number – for 
example if the researcher is looking at the colour 
of hair, categories may be: blonde, brunette, 
ginger, black, etc. Categories could also be 
labelled A, B, C, … or 1, 2, 3, …, etc. (here 
numbers are used as labels, so they are not 
considered to be numerical data).

5. Survey (poll)
 A survey is a statistical study carried out in order 

to collect information about subjects such as 
health, shopping habits, opinions or income.
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6. Bias
 Each member (or subset) of a population should 

have the same likelihood of being selected as 
part of a sample. If a sampling method produces 
samples which are systematically unrepresentative 
of the population, then the samples it produces 
are said to be biased. A technique such as simple 
random sampling (e.g. numbers ‘from a hat’) may 
produce a sample which is not representative of its 
population, but this sample is not considered to be 
a ‘biased sample’ as simple random sampling does 
not consistently produce unrepresentative samples.

7. Lurking variables
 In some cases two variables may appear to have 

a direct relationship to each other, when in fact 
both variables are being affected by another 
(lurking) variable. Without the lurking variable, the 
two variables may not be related to each other 
at all – or may only be related to a lesser extent. 
For example, it may be shown that there is a 
strong correlation between the size of an adult’s 
right foot and the number of accidents they have. 
However the lurking variable may be the gender 
of the person – males have bigger feet and it may 
be that males tend to have more accidents.

8. Confounding variables
 These variables can cause a researcher to analyse 

data incorrectly, resulting in a false connection 
being identifi ed between two variables. For 
example, I may claim that when I read a lot I get 
a lot of headaches. However if, when I read, I 
also eat a lot of chocolate and lose sleep, it would 
be hard to know if my headaches are caused by 
reading a lot, by eating a lot of chocolate or by 
losing sleep. The confounding factors of ‘sleep 
loss’ and ‘chocolate eating’ would need to be 
eliminated before the claim could be validated.

9. Causation
 If, when other factors are held constant, a change 

in one variable causes a change in another 
variable, then there is a causal relationship 
between the two variables. An example of 
causation occurs when washing is hung out to 
dry: the higher the temperature, the more quickly 
the washing dries. An increase in temperature 

causes a decrease in the time taken for the 
washing to dry.

10. Correlation
 Two numerical variables have

•  positive correlation if the values of one 
variable tend to increase as the values of the 
other variable increase

•  negative correlation if the values of one 
variable tend to decrease as the values of the 
other variable increase.

 It is important to understand that correlation 
does not mean causation – there may be ‘lurking 
variables’ or ‘confounding variables’ which 
explain the relationship. For example, there may 
be a strong relationship between the foot size 
of a primary school student and their curriculum 
level in mathematics, in that the bigger their foot 
size the higher the curriculum level. This does 
not mean that growing a bigger foot will make 
you improve in mathematics (e.g. the lurking 
variable ‘age of student’ affects both variables), so 
although there is correlation, there is no causation.

11. Explanatory and response variables
 An explanatory (independent) variable 

‘explains’ or gives a reason for a change in 
the response (dependent) variable. In an 
experiment, values of the explanatory variable can 
be chosen or altered by the experimenter.
•  The explanatory, or independent variable is 

plotted on the x-axis.
•  The response or dependent variable is plotted 

on the y-axis.

In an investigation into the relationship between 
the size of a settlement and the amount of waste it 
produces annually, ‘population’ is the explanatory 
variable, and ‘annual amount of waste’ is the response 
variable: as the population increases, the annual 
amount of waste tends to increase too, so the annual 
amount of waste depends on the number of people 
(and not the other way round!).

The relationship is positive: as the population increases, 
the annual amount of waste tends to increase too. (In a 
negative relationship, the response variable decreases 
as the independent variable increases.)
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Experimental design principles
When an experiment is carried out it is important 
to keep conditions as constant as possible in order to 
minimise unnecessary variability.
• Control groups: when investigating the effects 

of a certain treatment, the group receiving 
the treatment needs to be compared fairly with 
a control group, whose members receive no 
treatment. Alternatively, when testing a new 
treatment, the control group could receive an 
already existing or well-established treatment.

• Randomisation: members of a study should 
be assigned randomly to treatment and control 
groups so that, apart from receiving or not 
receiving the treatment, the groups are as similar 
as possible. The larger the sizes of the groups, 
the better randomisation works in the balancing 
of characteristics, and the lower the variability in 
results.

• Replication: it is good experimental practice 
to carry out repeated measurements of the 
response (or dependent) variable for 
each selected value of the explanatory (or 
independent) variable as this provides insight 
into the variability of the response variable.

A good report will provide information about the 
design of the study.

Other types of study
Observational study
In an observational study the researchers ‘observe’ 
the participants without asking them to do anything. 
In an observational study, the researcher is not able to 
control some important aspects of the study.

An example is observing participants in a talent quest 
to see if there is any relationship between the speed 
of the songs they sing and the applause they get. 
Here you could attend a talent concert, measure the 
tempo and rate the degree of applause on a scale. 
You could then determine whether or not there was a 
relationship between the speed of the songs and the 
amount of applause they get from the audience.

Observational studies have limitations in that bias 
often exists; also confounding variables are often 
present – so it is important to design the study as 

carefully as possible and to measure known causes of 
bias and confounding.

The strength of observational studies lies in their 
ability to represent actual events more accurately 
than would be the case in an experimental situation. 
For example, if a study was carried out to compare 
the amount of exercise junior and senior students 
have each day, the results would be more accurate if 
students were simply being observed (and they were 
unaware that they were part of a study). If they did 
know the amount of exercise was being investigated, 
they might either increase or decrease their actual (or 
reported) daily hours of exercise, depending on the 
impression they wished to create to the researchers.

Unlike in experiments, in which values of the response 
variable are compared between randomly allocated 
(balanced) treatment groups, the researcher is not able 
to control the values of the explanatory variable (e.g. 
whether a student is a junior or senior), so the groups 
are likely to not be ‘balanced’. So a claim of causality 
is usually not appropriate in observational studies 
(the differences in the response variable between 
the two groups could be due to differences between 
the groups that are not related to the explanatory 
variable).

Retrospective study
A retrospective study is an investigation into events 
that have already taken place. This often relies on 
participants recalling events after they have occurred. 
This could involve asking questions such as: How much 
sleep did you have on average last week? or How long 
does it take you to get to school in the morning?

Retrospective studies can often have accuracy issues 
as it can be diffi cult for people to remember precisely 
what happened in the past, so the data recorded may 
not be accurate.

Prospective study
A prospective study watches for outcomes, such 
as the development of a disease, during the period 
of the study, and relates this to other factors such 
as suspected risk factors or protection factors. A 
prospective study usually involves observing a group 
of participants over a long period of time. Generally 
these studies have fewer potential sources of bias and 
confounding than retrospective studies have.

L3 Reports LWB 3point12.indd   7L3 Reports LWB 3point12.indd   7 11/23/15   2:57 PM11/23/15   2:57 PM



8 Achievement Standard 91584 (Mathematics and Statistics 3.12)
AS

 9
15

84

© ESA Publications (NZ) Ltd  –  ISBN 978-0-908315-96-3  –   Copying or scanning from ESA workbooks is limited to 3% under the NZ Copyright Act.

Misleading graphs
A common way to mislead readers is to produce graphs 
that are not drawn to scale, and so do not represent 
the data in a fair way or allow for fair comparisons to 
be made. Some common techniques follow.

Proportions incorrect

In this graph the intention (supposedly) is to show 
that in both 1991 and 2001, the cost of tickets for 
basketball games was more than double the cost of 
tickets for baseball games (consider the height of the 
balls against the vertical scale). However, for each year, 
the area of the basketball is much more than double 
the area of the baseball, which leads the viewer to 
think that the cost of basketball tickets is much more 
than double the cost of baseball tickets.

Vertical axis does not start at zero
In the fi rst graph below, the vertical axis starts at 28.
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The percentage preferences are the same in these 
two graphs, but the fi rst graph has been incorrectly 
drawn. In the fi rst graph, the bar for Wendy’s looks 
proportionally much smaller (compared with the other 
bars) because the vertical axis does not start at zero.

3D Pie graphs

Wendy’s

MacDonald’s

Subway

The drawing of a 3-D pie graph is not circular, so 
the proportions of the sectors have been distorted. 
As a consequence, the viewer is deceived into 
believing that the proportion of students who prefer 
MacDonald’s is comparatively much bigger than the 
proportion preferring Wendy’s or Subway. The actual 
percentages for this survey are fairly similar: Wendy’s 
(31%), Subway (34%), MacDonald’s (35%)

Sampling methods
Random samples may be selected from a population 
using a variety of techniques.

Simple random sampling
This is the ideal method of sampling but can be 
time-consuming and uneconomical to achieve. Simple 
random sampling requires a complete numbered list 
of all population members (which may be impossible). 
A sample is then selected by generating random 
numbers and selecting the corresponding member 
with that random number, ignoring any repetitions 
of numbers. In this method every member of the 
population has an equal chance of being chosen. The 
sample may prove to be scattered, making access 
diffi cult/costly.

Systematic sampling
A numbered list of the members of the population is 
again required, and a random starting point chosen, 
such as the 58th member. Subsequent members of the 
sample are then chosen using a pattern such as ‘every 
20th person from this starting point’, so that members 
with numbers 58, 78, 98, … are chosen for the 
sample. This is a quicker method than simple random 
sampling, but has the disadvantage that the sample 
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of members selected may coincide with patterns in the 
data, so the sample is not random.

Stratifi ed sampling
This involves identifying strata (or groups) of 
importance within a population, and ensuring that 
these groups are proportionately represented in the 
sample. For example, if a population consists of 2% 
Pasifi ka, 5% Asian, 11% Maori, 76% European and 
6% other nationalities, then the sample will be made 
up of the same percentages of these ethnicities. The 
strata need to be defi ned carefully for this method of 
sampling, and it requires greater effort than simple 
random sampling.

Cluster sampling
This method is often used in market research as 
the costs of surveying are reduced if the sample is 
selected from a compact area. Here the population is 
divided into ‘natural’ groups (clusters), each of which 
is representative of the population, and a sample 
of the groups is chosen. Data is then collected from 
the people or objects within a cluster, using simple 
random sampling or some other appropriate technique 
(if the cluster is large then further cluster sampling can 
be used within the selected group). Cluster sampling 
can be used when a complete list of the population is 
unavailable, but this method does tend to have a high 
sampling error.

Convenience sampling (self-selected)
This involves asking for volunteers or using subjects 
that just happen to be available. This method of 
sampling is inexpensive and convenient, but the 
method is biased since it usually produces samples 
that are highly unrepresentative of the population.

Computer-assisted telephone interviewing 
(CATI)
This is one of the easiest ways to conduct a survey. A 
computer dials randomly selected telephone numbers 
of landlines and a computerised questionnaire is 
administered to respondents over the telephone. To 
ensure a random member of the household takes the 
survey, a request is made for a random person in the 
household, e.g. the one who had the most recent 
birthday.

When landlines were in nearly every home, this 
method was widely accepted as being unbiased, but 
now that the number of households with landlines 
is reducing (partly because of increased use of 
cellphones) this method is no longer regarded as 
giving consistently representative samples.

There is also the issue that the person with the most 
recent birthday in the household may not be at home 
– ideally, the interviewer should arrange to interview 
that person at another time. If the person remains 
unavailable for the survey then that person becomes a 
non-respondent.

Since there is no information on how that non-
respondent would have answered the questions, this 
must be taken into consideration when looking at the 
outcomes of that survey (response rates can be quite 
low for this type of survey).
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 Exercise B:  Reporting on 
surveys

1. What confounding or lurking variables could be 
involved in the following claims?
a.  My students are always less attentive on 

Friday afternoons.

b.  Red wine drinkers are less likely to have heart 
attacks.

c.  People driving expensive cars have fewer 
accidents.

d. Getting up early gives me sore eyes.

2. Comment on what is wrong with the following 
statements.
a.  A study of shop sales shows that when Anna 

works in the shop sales go up, so one way to 
increase sales is to increase Anna’s hours in 
the shop.

b.  Learning the piano makes you better at maths 
– our latest study shows that students who 
play the piano do better at maths.

Ans. p. 51

c.  82% of people with headaches reported 
an improvement when they took the new 
medication, so it should sell well.

d.  All of my netball team thinks the training 
times are too early, so netball training times 
should start later.

3. Explain why the following graphs and claims are 
misleading.
a. Rubbish doubling every 20 years

b. Pizzamax pizzas better by far.
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 Sampling and non-sampling errors
When sampling, two main types of error may occur.

Non-sampling errors
Non-sampling errors, resulting from how 
information is collected from a sample, can be a 
signifi cant source of error. Examples are:
• non-participation – people who are selected to 

take part in the survey do not wish to
• false answers – this may be because a respondent 

does not want to give a socially unacceptable 
answer to an interviewer or in front of people they 
know

• unavailability – people who are selected to take 
part in the survey cannot be contacted

• lack of opinion – people answer ‘don’t know’.

Non-sampling errors are impossible to correct once 
the survey has been completed, and it is not possible 
to work out how badly these errors have affected the 
results. Non-sampling errors can be much larger than 
sampling errors, and in extreme cases could make a 
whole study invalid.

Sampling errors (or sampling variability)
Sampling errors are a natural part of the sampling 
process. A sample is only a portion of the population 
of interest, so sample statistics will vary from sample 
to sample (results vary more when sample sizes are 
small). This variability cannot be avoided completely, 
but the variability between results can be reduced by 
increasing the sample size (if the whole population is 
selected there will be no variability at all!).

Margin of error
When making an inference about a population, a 
sample statistic (such as the sample mean, x , or a 
sample proportion, p) is used to estimate the value 
of a population parameter (a population measure 
such as the mean μ or a proportion π).

The margin of error is a measure of how large 
the sampling error is likely to be when making an 
inference. The margin of error is a quantity that is 
added to and subtracted from a sample statistic 
in order to give an interval of values (confi dence 
interval) within which the population parameter is 
likely to lie (so the margin of error is half the width of 
the confi dence interval).

Example
In a political poll it is reported that 32% of the 
voters say they will vote Labour, with a margin 
of error of 4.5%. This means that the true 
population percentage (π) of intending Labour 
voters could be anywhere between 27.5% 
(32% – 4.5%) and 36.5% (32% + 4.5%).

Unless stated otherwise, margins of error are usually 
worked out for a 95% confi dence interval. This means 
that a correct statement is expected 95% of the time 
(95% of the confi dence intervals constructed in this 
way will contain the actual value of the population 
parameter) and an incorrect statement is expected 5% 
of the time (the confi dence interval does not contain 
the true population parameter).

The inclusion of a percentage margin of error 
when quoting sample statistics is a reminder that 
results are from a single sample (out of the many 
samples possible), and that actual population 
percentages are not known so you are only making 
an informed estimate of what is really happening 
back in the population. It is an acknowledgement 
that sampling variability is unavoidable, and that if a 
different sample were taken it would almost certainly 
give rise to slightly different results.

A ‘rule of thumb’ for calculating the margin of error 
for a proportion between 0.3 and 0.7 is:

margin of error = 
n
1

where n is the sample size and 
0.3 < p < 0.7 (or 30% < p < 70%)

For proportion values p outside this range use the 
following formula:

margin of error = 1.96 × p(1 – p)
n

where p is below 0.3 or above 0.7

Multiply by 100 to get the percentage margin of error.

Note: For 99% confi dence intervals, in the formula 
replace 1.96 with 2.576.

Generally, the media will state only one margin of
error for all percentages quoted and they nearly

always use the calculation: margin of error = 
n
1

(which only applies for 30% < p < 70%).

L3 Reports LWB 3point12.indd   11L3 Reports LWB 3point12.indd   11 11/23/15   2:57 PM11/23/15   2:57 PM



12 Achievement Standard 91584 (Mathematics and Statistics 3.12)
AS

 9
15

84

© ESA Publications (NZ) Ltd  –  ISBN 978-0-908315-96-3  –   Copying or scanning from ESA workbooks is limited to 3% under the NZ Copyright Act.

This calculation would be suitable for the estimation of 
Labour voters (p = 32%) but would not be suitable for 
minor parties where the percentage of voters would 
be much smaller.

For example, if New Zealand First were estimated to 
get 4% of the votes, with a sample size of 500, the 
actual margin of error would be 

1.7% (1.96 × 0.04 × 0.96
500

) which is considerably 

less than the 4.5% quoted in the example above.

Note: Remember that the margin of error is only 
measuring the sampling error. The effects of the non-
sampling errors cannot be measured.

Comparing poll results
Political polls are carried out in order to fi nd out which 
party is in the lead. Suppose 32% of voters in a sample 
say they will vote Labour and 40% say they will vote 
National, with a margin of error of 4.5%. Can it be 
said that National is leading? Is it correct to say that 
National is leading by 8%?

The sample difference of 8% between voting 
percentages for National and Labour is an estimate 
of the actual difference between National and Labour 
voting percentages, and the sample difference will 
contain a sampling error. The margin of error for 
the difference between two proportions is 
required (it is incorrect to use the 4.5% quoted, as this 
is the margin of error for each individual proportion, 
not the margin of error for the difference between the 
two proportions).

The following ‘rules of thumb’ apply when using a 
media-reported margin of error to fi nd the margin of 
error for the difference between two proportions or 
percentages:

For the difference between two proportions (or 
percentages) from the same sample:

Margin of error ≈ 2 × reported margin of error

For the difference between two proportions (or 
percentages) from independent samples

Margin of error ≈ 1.5 × reported margin of error

In the voting example above, both percentages quoted 
come from the same sample, so the margin of error 

for the difference in percentages between the two 
parties will be 2 × 4.5% = 9% (2 × reported margin 
of error). 

So the difference between the actual percentage 
support for National and Labour is very likely to lie in 
the confi dence interval 8% ± 9%; i.e. in the interval 
(–1%,17%). Since zero lies in this interval, this means 
that it cannot be said that National is leading, as it 
is possible that the percentage support levels are the 
same for both parties.

Note: If 4.5% had been used as the margin of error, 
then the confi dence interval for the difference between 
the two percentages would have been 8% ± 4.5%, 
i.e. (3.5%, 12.5%). This would lead to the conclusion 
that support for National is between 3.5% and 12.5% 
higher than support for Labour. As zero is not in the 
interval, the incorrect claim would have been made 
that National is very likely to be leading in the polls.

When dealing with percentages from two independent 
polls, there may be differences in sample sizes, 
resulting in different reported margins of error for 
the two polls. In this case you will need to take the 
average of the two margins of error.

Example
Two surveys were carried out in the two 
secondary schools in a town, to determine 
whether students were in favour of later starting 
and fi nishing times for each school day.

In Westside secondary school, 350 students 
were sampled and 32% were in favour of later 
starting hours.

In Eastside secondary school 290 students 
were sampled and 41% were in favour of later 
starting hours.

Based on the survey percentages, can a claim 
be made that a higher percentage of Eastside 
secondary school students agree with later 
starting hours than the percentage of Westside 
secondary school students?

Construct a confi dence interval and interpret 
this interval as part of your answer.
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Solution

The margin of error for the Westside secondary 
school survey is

 1
350

 = 0.05345

The margin of error for the Eastside secondary 
school survey is

 1
290

 = 0.05872

So the average margin of error is
0.05345 + 0.05872

2  = 0.056 or 5.6%

These surveys are comparing two independent 
samples, so the margin of error for the 
difference in the percentages is

1.5 × 5.6% = 8.4%

The difference between the two survey 
percentages is

41 – 32 = 9%

So a 95% confi dence interval for the difference 
between the two population percentages is

9% ± 8.4% or (0.6%, 13.4%)

We can be reasonably sure that the percentage 
of students at Westside secondary school 
who want a change to the school starting and 
fi nishing times is somewhere between 0.6% and 
13.4% higher than the percentage of students 
at Eastside secondary school.

This interval supports the claim that a higher 
percentage of Eastside secondary school 
students agree with later starting hours than 
Westside secondary school students, because 
the confi dence interval is entirely positive.

Note: Alternatively, the claim can be made 
since the difference between the two survey 
percentages (9%) is greater than the margin of 
error (8.4%).

 Exercise C:  Comparing poll 
results

1. A 2012 US political poll found that Mitt Romney 
(Republican) was 7% behind Barack Obama 
(Democrat). The survey was taken of 737 
registered voters and had a margin of error of 5%. 
In the survey, Romney polled 42% of the vote, and 
Obama polled 49%.

 Use the results of this survey to answer the 
following questions.
a.  What range of voting percentages would be 

expected for:
  i. Romney?

  ii. Obama?

Ans. p. 52
b.  For the percentages polled by Romney and 

Obama in this sample:
  i. what is the minimum possible difference?

  ii. what is the maximum possible difference?

c.  Calculate the margin of error for Romney’s 
polling percentage in the sample:

  i. using a 95% margin of error 

   (1.96 × 
p(1 – p)

n )
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  ii. using a 99% margin of error 

   (2.576 × 
p(1 – p)

n )

  iii.  Which formula for calculating the margin 
of error has been used in this poll?

  iv.  What would be the advantage of using 
this formula (rather than the other one)?

d.  If the same poll had a third party candidate 
polling 8%:

  i.  why would 5% not be a suitable margin 
of error for this candidate?

  ii.  what should the margin of error be for 
this candidate?

e. i.  What should the margin of error be 
for the difference between voting 
percentages for Romney and Obama?

  ii.  Can it defi nitely be said that Obama is 
leading the polls? Explain your answer. 
Construct a confi dence interval and 
interpret it as part of your answer.

2. Read the following article from the New Zealand 
Times.

National holds a huge lead in polls
In two polls published this week, the National Party 

holds a large lead over the Labour Party.

In the Predictor poll released on Wednesday the 

National Party has 46% support while the Labour 

and Green parties have 34% and 9%, respectively.

New Zealand First has 4.2% support and the Maori 

Party is on 2.3%.

ACT, the Mana Party and United Future all have less 

than 1% support.

The poll has a margin of error of plus or minus 3.1%.

The Independent poll shows similar results. This poll 

shows Labour at 36.1%, and National with 43.2%.

Of the smaller parties only the Greens are above 5%, 

with 12.1% support.

The Independent survey of 750 voters has a margin 

of error of plus or minus 3.6%.

L3 Reports LWB 3point12.indd   14L3 Reports LWB 3point12.indd   14 11/23/15   2:57 PM11/23/15   2:57 PM



© ESA Publications (NZ) Ltd  –  ISBN 978-0-908315-96-3  –  Copying or scanning from ESA workbooks is limited to 3% under the NZ Copyright Act.

A
N

SW
ERS

 Exercise A: Reading a report (page 1)

1. Title: Scots slimming down a wee bit

Source of statistically based report: The Scotswatch

Summary of statistically based report:

The report states that the number of Scots of ‘normal’ weight has increased slightly in the past year but it also makes the point that the majority of 
Scottish people are still overweight or obese (>60%). The study stated that the change could have been caused by 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 
report also mentioned that a fl ow-on effect of a downward trend in obesity rates could be a decrease in the healthcare costs associated with obesity, 
which were estimated at $NZ3.39 billion in 2009. 

Purpose of statistically based report:

To show that there is a slight decrease in the number of overweight and obese people in Scotland, to offer a possible reason for this and to indicate 
the effect this trend could have on healthcare costs.

A description of measures and variables representations:

Height and weight to determine BMI

Evaluation:

BMI as a measure of obesity or being overweight is acceptable.

A description of sampling method(s):

Random telephone sample of people aged ≥ 18 yrs

Evaluation:

May not account for those people without landlines.

A description of survey method(s):

Telephone interview with self-reported height and weight data

Evaluation:

Measurements may not be accurate if self-reported. 

A description of the sampling and possible non-sampling errors:

Sampling errors may be that not everyone in the population was given an 
equal chance of being chosen as the survey sampled from people with a 
landline.

Non-sampling errors may be: people not wishing to participate, people 
not telling the truth, people not being able to be contacted, measurement 
errors

Evaluation:

A randomly chosen telephone sample (particularly if computer 
generated) is an accepted form of sampling even though it will not be 
without bias. The non-sampling errors will provide the biggest issues 
here, particularly the self-reported height and weight. Were the people 
contacted asked to participate, then measured later or were they asked 
on the fi rst phone call to provide data?

A description of the sample size:

1 583 people aged 18 and older

Evaluation:

A sample that large would be more than adequate.

An overall evaluation of the effectiveness of the statistically-based report:

The heading of ‘Scots slimming down a wee bit’ cannot be justifi ed. The margin of error has been given as ±2.5%. In 2011, 36.8% of Scots were 
of normal weight and in 2012, 37.9% of Scots were of normal weight. The percentage of normal weight Scots in 2011 would probably have been 
contained in the interval (34.3%, 39.3%) and in 2012 the percentage would have been contained in the interval (35.4%, 40.4%). Whether there 
has actually been a decrease is too close to call as the intervals overlap. Similarly for the overweight and obese percentages. There is also a real 
issue with self-reported measurements as people may not be able to measure themselves accurately; it is highly like there will be a variance in 
measurement equipment; also some people may be disinclined to report accurately if they are embarrassed by their weight.

2. Answers will vary.

 Exercise B: Reporting on surveys (page 10)
1. a.  Lurking variables could be: the time of the afternoon of the lesson (students may behave worse at the end of the afternoon when they are tired); 

or the subject being taught (some subjects may be perceived to be more boring than others); or the level of interest the students have generally in 
school; or whether the composition of the class is different on a Friday afternoon, etc.

b. A lurking variable could be the socio-economic status of the person (a person who drinks red wine may be more likely to earn more and look after 
their health better); also wine may be consumed with meals, and is less likely to be part of a binge drinking culture, etc.

c. Expensive cars are usually owned by older people, and older people have fewer accidents.

d. Confounding variables could be that the person wears lenses which irritate; or that they stay up very late and so have not had enough sleep; or 
that they get up early for outdoor pursuits or some activity which irritates their eyes, etc.

 ANSWERS
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2. a.  There is a correlation, but not necessarily causation. It may be 
that Anna just happens to work at especially busy times of the 
day, and if she worked at less busy times, there would not be an 
increase in custom just because Anna was working.

b. Playing the piano does not cause you to be good at maths, even 
if the two skills are correlated.

c. It is not known how many people were trialled, or whether 
there was a control group. Another existing medication may be 
cheaper/better, but this is not mentioned.

d. Sample size is not big enough, and the sample is not random 
(team members tend not to be independent in their opinions).

3. a.  The graph is misleading as it is not clear what part of the drawing 
of a rubbish bin represents the actual measurement of rubbish. The 
vertical scale has no units so it is unclear what is being measured. 
The 3-D nature of the drawings makes the 3rd bin at least 4 times 
the size of the fi rst bin, whereas the increase in rubbish between 
1960 and 1980 is similar to the increase between 1980 and 2000, 
and these increases are certainly not ‘doubling’.

b. Vertical scale needs units. The truncated vertical scale makes 
proportions incorrect (Joey’s bar appears half the size of the 
Pizzamax bar whereas the real ratio is 29:34 showing Joey’s sales 
are 85% of Pizzamax sales).

 Exercise C: Comparing poll results (page 13)
1. a. i. 37% to 47%

 ii. 44% to 54%

b. i. 0%

 ii. 17%

c. i. ±3.6%

 ii. ±4.7%

 iii. 2.576 × 
p p

n
(1 )

 iv.  We would be more confi dent (99% rather than 95%) that 
the interval (37,47) contains the actual percentage of 
the registered voters who, at the time of the poll, were 
intending to vote for Romney.

d. i. 8% is less than 30% so quoted value doesn’t apply

 ii. ±2.6% (2.576 × 0.08(1 0.08)
737

)

e. i.  Both percentages are derived from the same poll so the 
margin of error for the difference is 2 × 5% = 10%

 ii.  We cannot say defi nitely that Obama is leading the polls as 
the margin of error of 10% is larger than the 7% difference 
between Obama and Romney in the survey. A 95% 
confi dence interval for the difference in the two percentage 
levels of support for Obama and Romney is (7 ± 10)% or 
(–3%,17%). As zero lies in this interval, it is possible that 
the two percentages are the same.

2. a. New Zealand voters

b. The % support for the parties (National, Labour, Green, New 
Zealand First, Maori, ACT, Mana, United Future)

c. Categorical

d. Predictor Independent

National 46% 43.2%

Labour 34% 36.1%

Green 9% 12.1%

NZ First 4.2% <5%

Maori 2.3% <5%

ACT <1% <5%

Mana <1% <5%

United Future <1% <5%

Margin of error ±3.1% ±3.6%

Number surveyed, n unknown 750

e. No, because the Greens’ proportion of the vote in the survey is 
12.1% which is less than 30%. The margin of error should be 
±2.3%

f. i. ±6.2%

 ii.  ±7.2%

g. The headline is misleading because for the Independent poll the 
lead National has over Labour is 7.1%, which is less than the 
margin of error for the difference between the parties in that poll. 
In the Predictor poll the lead is 12% which is not ‘hugely’ greater 
than 6.2%, the margin of error for the difference between the 
parties in that poll.

3. a. ± 7.2%

b. Currently the difference between the ‘Yes (republic)’ and ‘No 
(monarch)’ categories is 20.7% which is greater than the margin 
of error for the difference of 7.2%, and therefore there is a 
signifi cant difference in support for the monarch versus the 
republic. Even if all the ‘don’t know/refused to answer’ 10.3% 
were to be added to the ‘Yes’ category, the ‘Yes’ value would 
still only be 44.8%, giving a difference between the ‘Yes’ and 
‘No’ categories of 10.4% which is still greater than the margin of 
error for the difference between the categories. The ‘don’t know/
refused to answer’ category doesn’t alter the inference that more 
are in support of the monarch than of the republic.

c. By improving the number and nature of the questions, the 
interviewer could probe further the opinions of the ‘don’t know/
refused to answer’ group.

4. a.  1.5 × 3.6 = 5.4% (1.5 × margin of error)

 b.  The difference between 2000 and 2004 in the percentages of 
those who believe the Queen should be the New Zealand Head 
of State is 6.9% which is greater than the margin of error for the 
difference which is ±5.4%. For the percentages who believed 
New Zealand should elect its own Head of State there is a 
difference of 3.6% between 2000 and 2004 which is less than the 
margin of error of ±5.4%. It would therefore seem that in 2004 
there is increased support for the Queen being Head of State.

c. 13%. Depending on their opinions, this could alter the fi ndings 
of the survey signifi cantly; e.g. if 10% preferred an elected head 
and 3% preferred the Queen then both options would have 50%.

d. By following up non-responses more closely to ensure that all 
those chosen to be surveyed were accounted for, the interviewer 
would determine how many non-responses were because of no 
opinion on the subject, and how many were because of failure to 
reply to the survey.

5. The average margin of error is

 

4.3 + 5.1 
2

 = 4.7%

 These surveys are comparing two independent samples, so the margin 
of error for the difference in the percentages is

 1.5 × 4.7% = 7.1%

 The difference between the two survey percentages is

 61 – 55 = 6%

 which is below the margin of error for the difference in percentages.

 A 95% confi dence interval for the difference between the two 
population percentages is

 6% ± 7.1% or (–1.1%, 13.1%)

 As zero lies in the confi dence interval, it is possible that the percentage 
agreeing with the proposed new policy is the same in both suburbs. So 
the claim cannot be made that a higher percentage of Opoho residents 
support the proposed new cat registration policy than the percentage 
of Portobello residents.
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