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 STATISTICS 3.10 Internally assessed
4 credits

 Use statistical methods to make
a formal inference

 Introduction
If a census is carried out (where every member of a 
population is surveyed), then the values of various 
population parameters can be calculated, such as 
the population mean, or the population median. 
However, a census is usually not an option, for reasons 
of time, money and availability, so the values of these 
population parameters are unknown.

Instead a sample is taken and the corresponding 
sample statistics are calculated, such as the 
sample mean or the sample median. These sample 
statistics are considered to be point estimates of the 
corresponding population parameters. For example, 
the sample mean x is used as a point estimate of the 
population mean μ .

However, each time a sample is taken from a 
population, the values of the sample statistics will 
vary. This sampling variability means that each 
new sample will result in different point estimates 
of population parameters. There is no way of telling 
if one point estimate is more or less accurate than 
another. For this reason, it is more useful to give a 
range of values, called a confi dence interval, within 
which the population parameter is believed to lie.

In this standard you will be given a set of multivariate 
data for which you will need to pose a comparison 
question. In order to answer your question you 
will need to take a sample and use it to calculate 
appropriate statistics and confi dence intervals in order 
to make an inference about the whole population.

Note: Technology will be used in this standard, so you 
will need access to a computer in order to complete 
the exercises. The censusatschool analysis package 
iNZightVIT is required.

The statistical enquiry cycle (PPDAC)
When completing your investigation you should be 
familiar with the statistical enquiry cycle (PPDAC):
• Problem: Use a sample to make an inference about 

a population. Develop a purpose for an investigation 
which is informed by contextual knowledge.

• Plan: Pose an investigative question.
• Data: A sample will be provided, from which 

appropriate graphs and statistics will be obtained.
• Analysis: Comment on the sample distributions 

and create confi dence intervals for the population 
parameter of interest.

• Conclusion: Use the confi dence intervals to make 
a formal inference about the population parameter.

Problem
When presented with a set of multivariate data, the fi rst 
step is to thoroughly familiarise yourself with the context 
– you may need to do some extra research to help you 
understand the variables involved. This research will 
also help identify a purpose for the investigation.

You will then pose a suitable comparison question, 
comparing a single variable over two (or more) 
different categories (groups) in a population. The 
question needs to:
• be well-defi ned and specifi c, using unambiguous 

language
• involve a measurable attribute (the variable)
• defi ne the population of interest
• state the statistic to be investigated (difference in 

medians (or means)).

A statistical question expects variability (a range of 
different values) in the quantity being measured in the 
question. The question is about whether members of 
one group are more likely to be higher/heavier/greater 
than those in another group.

Copy correctly
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Copying or scanning from ESA workbooks 
is subject to the NZ Copyright Act which 
limits copying to 3% of this workbook.
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Example
Some suitable questions are:
1. What is the difference between the median 

income (in dollars per year) for women and 
the median income (in dollars per year) for 
men, for all working-age residents of New 
Zealand?

2. How does the mean number of hours spent 
in paid employment by Year 12 students 
compare with the mean number of hours 
spent working in paid employment by Year 
13 students, for students at New Zealand 
colleges?

3. What is the difference between the median 
reaction time (in seconds) of New Zealand 
drivers using cell phones while driving and 
the median reaction time (in seconds) of 
New Zealand drivers not using cell phones 
while driving?

The following questions are NOT suitable:
4. What is the difference between the median 

time to walk home from school and the 
median time to walk to school for Year 9 
students at Mountainview High?

 This question is not suitable as it is comparing two variables (‘time to walk home’ and ‘time to walk to 
school’) over a single category (Year 9 students).

5. Does the median height of a Year 13 boy tend to be greater than the median height of a Year 13 girl, 
for all Year 13 students from the censusatschool database?

 This question is not suitable as it uses the words ‘tend to be’ with the population median. The population 
median is a single fi xed value, using the word ‘tend’ suggests that it changes. Also, the direction of the 
comparison (greater than) should not be included in the question. In addition, by using the words ‘a boy’ 
and ‘a girl’ the question suggests it is looking at individuals rather than the group as a whole.

6. What is the difference between the median weight of school bags carried by Year 13 boys and the 
median weight of school bags carried by girls, for students in the censusatschool database?

 Both population groups have not been identifi ed – for boys it was Year 13 boys, but the girls 
population has not been clearly identifi ed.

7. What is the difference between the weight (in grams) of the little brown kiwis sampled and the spotted 
kiwis sampled, for kiwis in New Zealand?

 There is no parameter of interest (e.g. median). The use of ‘sampled’ indicates that the question is not 
referring to the population.
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 Exercise A: Posing a question
1. Determine which of the following questions would 

be suitable comparison questions. If the question 
is unsuitable, explain why.
a. Are Year 13 boys taller than Year 13 girls?

b.  What is the difference between the median 
petrol consumption (in L/100 km) of SUVs in 
New Zealand and median petrol consumption 
(in L/100 km) of sedans in New Zealand?

c.  How does the median height of Year 13 boys 
compare with the median height of Year 13 girls?

d.  Does the median salt content (in g) of Big Bob 
pies tend to be higher than the median sugar 
content (in g) of Big Bob pies?

e.  I wonder how the median alcohol content 
(in mL) of 1-litre bottles of wine compares 
with the median alcohol content (in mL) of 
1-litre bottles of RTDs sold in New Zealand.

2. The following is an extract from a table giving 
the fat, salt and carbohydrate (carb) contents in 
each of three different types of sausage sold in 
New Zealand supermarkets. Each sausage has the 
same total weight.

Pork 
sausages 

Beef 
sausages 

Chicken 
sausages 

Fat 
(g)

Salt 
(g)

Carb 
(g)

Fat 
(g)

Salt 
(g)

Carb 
(g)

Fat 
(g)

Salt 
(g)

Carb 
(g)

15 0.7 18 18 1.4 23 12 1.2 14

19 1.2 17 25 1.7 26 8 1.6 17

23 1.5 21 22 1.6 26 11 1.5 15

Ans. p. 57
 For this set of data, write three suitable statistical 

questions that could be used for an investigation 
into a particular aspect of this situation, defi ning 
all terms carefully and specifi cally.

3. The number of seconds that characters (both 
animated and real) spend smoking is recorded for 
PG/G-rated movies made by Disney and by other 
studios. The data set is available at RESOURCES , 
CHMOVIE (Source: Winner, University of Florida).
a.  Write an appropriate question to compare 

smoking times in all PG/G-rated movies.

b.  Carry out research and use this to write a 
paragraph suggesting why this investigation 
would be of interest.
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4. The following is an extract from a table from the Heart Disease Directory (from patients admitted to one of 
four clinics):

 Variables: age; gender; resting blood pressure in mm Hg (trestbps); rest-electrocardiogram result (restecg); 
presence of exercise-induced angina (exang); diagnosis of heart disease – no: for less than 50% diameter 
narrowing, yes: for more than 50% diameter narrowing of a major vessel (num); the serum cholesterol level 
in mg/dl (chol)

age gender trestbps restecg exang num chol

63 male 145 abnormal no no 233

67 male 160 abnormal yes yes 286

67 male 120 abnormal yes yes 229

37 male 130 normal no no 250

41 female 130 abnormal no no 204

56 male 120 normal no no 236

62 female 140 abnormal no yes 268

57 female 120 normal yes no 354

63 male 130 abnormal no yes 254

 Data sources:
  1.  Hungarian Institute of Cardiology. Budapest: Andras Janosi, M.D.
  2.  University Hospital, Zurich, Switzerland: William Steinbrunn, M.D.
  3.  University Hospital, Basel, Switzerland: Matthias Pfi sterer, M.D.
  4.  V.A. Medical Center, Long Beach and Cleveland Clinic Foundation: Robert Detrano, M.D., PhD

a. Select one appropriate variable from the 
above table.

b. Use research to determine the meaning of this 
variable.

c. Why would it be of interest to investigate this 
variable?

d. Pose a suitable comparative question for this 
variable.

e. From research, determine what result you 
would expect for an investigation of this 
variable. 
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Plan
With the development of computer-based analysis, it 
is possible to analyse large quantities of data, which 
in the past would have been unwieldy. Often, with 
historical data, the original population is no longer 
available for study and sample data must be used to 
make inferences about the population.

For the purposes of the assessment of this unit, a 
suitably sized (generally at least 30 values) sample of 
data will be provided (if sample sizes are too small, 
then results are unreliable for making inferences about 
the populations from which they were selected). The 
data will be recorded in an Excel fi le (csv) for importing 
into iNZight for analysis. When analysing data it is 
useful to consider how the sample was originally 
selected as this will help you make decisions about 
how representative the sample is likely to be of the 
whole population.

Sampling methods
Random sampling techniques are used in order to 
select a representative sample (a subset of the 
population with features as similar as possible to those 
of the population).

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.

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

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 would be selected 
using the methods already described.
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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 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 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.

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).

Example
800 competition entries are sent into 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.
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Solution

Number entries from 1 to 800.

Select 100 random numbers from 1 to 800, 
by pressing 800 Ran# + 1 = 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, data usually needs to be cleaned to 
remove any members with inappropriate or missing 
details.

For the purposes of this standard, it is assumed that 
the data provided has already been cleaned and any 
unusual values can be discussed as possible outliers.

 Exercise B: Sampling methods
For exercises on Sampling Methods go to RESOURCES

Ans. p. 57

Displaying data from a sample
Dot plots and box-and-whisker graphs are useful 
visual tools for investigating a data set, or for 
comparing two data sets.

Dot plots
Dot plots are useful for recording data values as they 
are collected. Since values are represented by stacked 
dots on the graph, the shape of the distribution of the 
sample can be seen clearly. Look out for the following 
features.
• Clusters: sets of sample scores that group 

densely over an interval of values that the variable 
can take. These contrast with neighbouring 
sample scores which are spread more thinly, or 
may be absent. Clusters may form a ‘mound’ in a 
dot plot.

• Gaps: values of the variable not represented in the 
sample (an absence of dots over an interval in the 
dot plot). If the sample size is large these can be a 
signifi cant feature (e.g. the population may have 
two strata with different characteristics); for small 
samples, gaps (and clusters) may not be signifi cant, 
but a result of the variation of sampling.

• Outliers: a sample may have some extreme 
values, or values well away from other data values 

in the sample. These values raise the question: are 
they simply errors, or do they represent unusual 
but valid values? Further investigation may be 
required to identify the nature of the outliers, and 
to see if they should be ‘cleaned’ from the sample.

• Symmetry: a distribution is symmetrical 
when data values below the centre (median) 
are distributed in a similar way to values 
above the centre. A sample with a symmetrical 
distribution may indicate that the population 
has a symmetrical distribution. However, if a 
random sample is taken from a population with a 
symmetrical distribution, the sample may not have 
an approximately symmetrical distribution due to 
sampling variability.

• Skew: a lack of symmetry in the distribution. 
In this case the data values on one side of the 
centre are more spread out than the data values 
on the other side of the centre. If smaller values 
are more spread out then the distribution is 
skewed left (or negatively skewed); if larger 
values are more spread out then the distribution is 
skewed  right (or positively skewed).
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Example
Jim leaves his home at 8.30 am each day to 
drive to a shopping mall, where he starts work 
at 9 am. The dot plot shows the times taken 
for Jim to drive to work from his home on 30 
consecutive work days.

10 15 20 25 30 minutes

Jim’s travel times to work

The data is negatively skewed with a mound 
of high values (around 22–24 minutes) and 
with fewer low values, which are spread out 
over a wider range (12–20 minutes). There is 
one particularly fast trip of 12 minutes (which 
must have taken place at a time of low traffi c or 
a particularly lucky run with the traffi c lights). 
Even the longest travel time will still result in 
Jim arriving at work on time.

Jim thinks that it would be interesting to 
compare these times with driving home times. 
Another aspect would be to compare times 
resulting from taking a different route to work, 
or a different mode of transport.

Note: The mean of this sample is 21.8 minutes, 
which lies below the median 23 minutes, further 
evidence that the data is negatively skewed.

Box-and-whisker plots
Five key summary statistics are used in the drawing 
of this very useful graph:
• Minimum value
• Lower quartile (LQ)
• Median
• Upper quartile (UQ)
• Maximum value

A scale is drawn alongside to show data values.

Box-and-whisker graphs summarise the distribution 
of a sample. The central box displays the important 
middle 50% of the data, which are consider to be the 
most ‘typical’ values (the interquartile range is equal 
to the length of the box). The more variability there is 

in sample values, the longer the box. The median is 
marked with a vertical line within the box.
• If the median line is centrally placed in the plot, 

then the data set is symmetric.
• If the median line is left of centre, then the middle 

50% of the data is positively skewed (the mean 
is above the median and the upper values are 
more spread out).

• If the median line is right of centre, then the 
middle 50% of the data is negatively skewed 
(the mean is below the median and the lower 
values are more spread out).

Comparing sample distributions
When comparing two samples, it is important to 
draw the plots on the same scale so that correct 
visual comparisons of the sample distributions are 
easy to make. You should identify at least three 
comparative features (shape, overlap, shift, spread, 
middle 50%, and any other unusual or interesting 
features). Remember to make all comments specifi c to 
the context, referring to the actual variables and their 
units, rather than making general comments.

The following is a summary of the comments you can 
make:

Overall picture
What is your overall impression of the similarities 
and differences between the distributions of the two 
groups? 

Medians
Compare the medians for each group – and state the 
shift between them (the difference in their values). 
Remember to name the variable, and give numerical 
values using correct units.

Shape
Your comments on the shape of the sample 
distributions should include a discussion of the inferred 
population distributions. Which features of the 
sample distributions are likely to be shared by the 
population distributions?

If a sample distribution is not symmetrical, then 
compare the skew for each group. Look for a tail in 
the distribution:
• tail on the left for negative skew (skewed to 

the left), where the mean is less than the median 
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(the mean is ‘pulled down’ below the median by 
values signifi cantly smaller than the rest of the 
data)

• tail on the right for positive skew (skewed to 
the right), where the mean is greater than the 
median (the mean is ‘pulled up’ above the median 
by values signifi cantly larger than the rest of the 
data).

Skew may also be apparent in the middle 50% of the 
data (by looking at the position of the median within 
the boxes), so that values on one side of the median 
are more spread out than values on the other side of 
the median.

Example
In the box-and-whisker plots shown below, 
distribution a. is negatively skewed, or skewed 
to the left (imagine how the dot plot would 
look under the box – the tail would appear on 
the left-hand side). Distribution b. is positively 
skewed (skewed to the right) .

a. b.

The middle 50% of distribution a. is also 
negatively skewed (more spread out below the 
median than above), and the middle 50% of 
distribution b. is positively skewed (more spread 
out above the median than below).

Modality
Compare the modes of the distributions – look 
for unimodal distributions (with a single peak) or 
bimodal distributions (with two peaks).

Spread
Compare the interquartile range (IQR) for each 
group (IQR = upper quartile – lower quartile). The 
greater the interquartile range, the less consistent the 
data and the greater the variability seen between the 
middle 50% of individuals.

It is also possible to comment on the standard 
deviation – which is a measure of spread associated 
with the mean (just as the IQR is linked to the median). 

The larger the standard deviation, the greater the 
overall spread of values about the mean.

Shift/Overlap
Consider the relative position of each box-and-whisker 
graph – is one to the right of the other? Consider 
any overlap between the two boxes, which could be 
expressed in terms of percentages (e.g. in this sample 
at least 50% of males have heights greater than 75% 
of the females).

Unusual features
Discuss any outliers or unusual values – you will 
be able to identify these values in the original data 
set and may therefore be able to discuss contextual 
reasons that explain why they are unusual. 

Example
Samples of leaves are taken from two 1-year-old 
shrubs of the same species, one shrub having 
been grown in shady, dry conditions (Location 
A), and the other shrub having been grown in a 
sunny, well-watered position (Location B).

A sample of 40 leaves is taken from each bush 
and the leaf width measured at its widest point. 
The summary statistics are as shown.

Leaf width A B

Minimum 1.4 1.8

LQ 1.8 2.1

Median 2.1 2.7

UQ 2.6 3.2

Maximum 3.0 3.6

The box-and-whisker plots are as shown.

0 1 2 3 4 cm

Leaf width – dry and wet locations

A (dry)

B (wet)

The distribution of the sample from Location A is 
positively skewed since the median line is to the 
left of the centre of the plot. Location B has a 
more symmetric distribution (its median is more 
centrally placed in the plot).
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Both the range (1.6 cm) and the interquartile 
range of A (0.8 cm) are less than the range 
(1.8 cm) and interquartile range of B (1.1 cm), 
showing that there is less variability in the 
widths of leaves from location A. The boxes 
overlap each other but the median of B (2.7 cm) 
lies outside the box of A, so that at least half of 
the leaves from Location B have widths greater 
than the upper quartile (2.6 cm) of widths of 
leaves from Location A.

The shift in the medians of 0.6 cm is nearly 
half of the overall visual spread of 1.4 cm 
(LQ of A to UQ of B) so the distance between 
the median leaf widths of the two samples 
is relatively signifi cant. This is probably to be 
expected since a lack of water usually means 
that a shrub doesn’t grow as well, and would 
be expected to have smaller leaves as a result.

Other displays, such as histograms, may also be 
used. These displays may reveal other features of the 
distribution of the sample, which may not be obvious 
from previous plots.

Statistical graphs of samples can also be used to 
justify inferences made about the distribution of a 
population.

For example, the graph of a sample may show an 
approximately uniform distribution of data values.

If the sample is suffi ciently large, and is chosen in such 
a way that it can be assumed to be representative of 
the population, then the inference can be made that 
the distribution of the population is also uniform. 

The similarity between sample distribution and 
population distribution improves as the sample size 
increases.

Run iNZightVIT to create dot plots and box-and-
whisker plots.

Import the data, drag the name of the variable of 
interest into Variable 1 to produce the required graphs.

Select Get Summary to obtain statistics.

Selecting a qualitative variable (such as gender) as 
variable 2 will produce side-by-side box-and-whisker 
plots.

 Exercise C: Data displays
1. The percentage marks obtained in a Mathematics 

test by 30 students are recorded on the following 
box-and-whisker plot.

0 25 50 75 100
%

a. What was the highest score on the test?

b.  What percentage of the class scored above 
68%?

c. What was the median score on the test?

d.  What percentage of the class scored between 
72% and 80%?

e.  Do you think that this test was too hard for 
the students? Explain.

Ans. p. 57

2. The same test was attempted by two different 
classes at the same school, producing the 
following box-and-whisker plot :

0 25 50 75 100
%

Class A

Class B

 Write a paragraph comparing how these two 
classes did on this test.
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 ANSWERS

Achievement Standard 91582 (Statistics 3.10): 
Use statistical methods to make a formal inference
  Exercise A: Posing a question (page 3)
1. a. Has not used correct language, question is too general.

b. This question is suitable (however, ‘sedans’ needs to be defi ned).

c. Population is not defi ned.

d. Not comparing the same variable over two categories. Also, 
using the word ‘tend’ with ‘mean’ implies the population mean is 
changing when in fact it is a constant.

e. This question is suitable.

2. Questions will vary; examples are given.

 What is the difference between the mean fat content (in g) of New 
Zealand supermarket beef sausages and the mean fat content (in g) of 
New Zealand supermarket chicken sausages?

 I wonder if the median salt content (in g) of New Zealand supermarket 
pork sausages is higher than the median salt content (in g) of New Zealand 
supermarket chicken sausages?

3. a.  What is the difference between the median time showing 
smoking (in seconds) in Disney movies and the median time 
showing smoking (in seconds) for other studio movies, for all 
PG/G-rated movies made?

b. Answers will vary – an example follows.

 In 2012, the US Surgeon General concluded that there is a causal 
relationship between depictions of smoking in movies and the 
initiation of smoking among young people. Smoking in movies 
affects how youth and adults view the social acceptability of 
smoking and perceptions of the functions of smoking, as well as 
its consequences. (Source: US Department of Health and Human 
Services.) ‘For most people, the Disney name conjures images of 
princesses, friendly talking mice and idyllic family vacations – and 
for good reason. Disney management teams have spent seven 
decades of TLC and billions of dollars to create and maintain 
their world-famous family-friendly image.’  (Source: The Dove 
Foundation.) Parents therefore often assume that if they take 
their children to a Disney movie it will be appropriate and not 
have a negative infl uence on them.

4.  Answers will vary; an example is given.

a. Serum cholesterol level 

b. Serum cholesterol is a fat-like substance that circulates in the 
blood. Serum cholesterol is made up of HDL cholesterol, LDL 
cholesterol and triglycerides. High levels of serum cholesterol are 
linked to heart disease. 

c. High levels of serum cholesterol have been linked to heart 
disease; however, recent research has suggested that the two 
things are not necessarily linked. It would be interesting to 
investigate whether those patients admitted for heart disease 
did, in fact, have high levels of serum cholesterol. 

d. What is the difference between the median serum cholesterol 
level (in mg/dl) of those with more than 50% narrowing of a 
major blood vessel and the medium serum cholesterol level of 
those with less than 50% narrowing of a major blood vessel, for 
patients from the Heart Disease Directory?

e. Research suggests that high cholesterol levels in the bloodstream 
can damage the lining of blood vessels. As a result, other cells 
move into the walls of the blood vessels, leading to further 
accumulation of cholesterol and narrowing of the blood vessels. 
It would therefore be expected that the median serum cholesterol 
level of those with more than 50% narrowing would be greater 
than the median serum cholesterol level of those with less than 
50% narrowing.

  Exercise B: Sampling methods (page 7)
See RESOURCES  for answers.

  Exercise C: Data displays (page 10)
1. a. 100%   b. 75%

c. 72%   d. 25%

e. This test was probably too easy as more than 75% of the class 
scored more than 68%, with 25% of the class scoring over 80%.

2. Answers will vary, an example is given.

 Class B seems to have performed better than class A as the median 
for Class B was higher (at 78% compared with 45%). At least 75% of 
Class B performed at a higher level than 75% of Class A. While the 
marks in class B were less consistent, shown by the larger interquartile 
range and the lowest mark in Class B (10%) was 20% lower than the 
lowest mark in Class A, overall Class B performed better.

3. Answers will vary; examples are given.

 The median annual salary for scientists (approximately $65 000) is 
higher than the median annual salary for fi remen and musicians (both 
approximately $35 000).

 The annual salaries for musicians was the least consistent – indicated 
by the large interquartile range (the middle 50% earned between 
$25 000 and $78 000), while the annual salaries for fi remen was the 
most consistent (smallest range and interquartile range).

 Scientists overall earn higher annual salaries than fi remen and 
musicians back in the populations as the median salary for scientists 
lies outside the boxes of fi remen’s and musicians’ salaries. The lower 
quartile salary for scientists (at $62 000) is higher than the maximum 
salary for fi remen ($59 000).

 We cannot determine whether fi remen or musicians earn higher annual 
salaries back in the populations as the boxes overlap and the medians 
are very similar. The box for fi remen’s salaries lies completely within 
the box for musicians’ salaries.

4. a. 75%

b. 25% of adults spent more than 60 minutes exercising, while 50% 
spent more than an hour watching TV, hence an adult from this 
group is more likely to spend more than 1 hour watching TV.

c. i.  True. The interquartile range is smaller for exercising than 
for TV time.
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 ii.  True. There is at least one adult who spent 0 hours 
watching TV.

 iii.  We cannot determine how many adults did no exercise or 
watched no TV, we only know that there was at least one 
for each of those categories.

  iv.  True. 25% of the adults are represented by the quarter from 
the median to the upper quartile.

  v. False. 25% of the adults spent 0–20 minutes exercising.

  vi.  This cannot be determined as the exercise box is 
completely contained within the TV box, with the median 
for TV watching times only slightly higher than the median 
for exercising times. However, since the maximum for TV 
watching (250 minutes) is signifi cantly higher than the 
maximum for exercising (120 hours), we can conclude that, 
of the people in this sample group, some spend more time 
watching TV than exercising.

5. a. 

0 105 15 20 25 30 35
Degrees C

Auckland

Cromwell

Monthly temperatures

 b. Answers will vary, an example is given.

   The median temperature in Auckland (20.05 °C) is higher 
than the median temperature for Cromwell (17.55 °C). The 
temperatures in Auckland are more consistent over the year as 
indicated by the smaller interquartile range (5.15 °C for Auckland 
compared with 16.55 °C for Cromwell) i.e. Cromwell experiences 
greater extremes of temperature between the seasons. As the 
box for the Auckland temperatures is completely contained within 
the box for the Cromwell temperatures, we cannot conclude that 
one place is warmer than the other overall.

6. a. Answers will vary; an example is given.

   Is the median fat content (in g) of pork sausages manufactured by Sensational Sausages higher than the median fat content (in g) of beef sausages 
manufactured by Sensational Sausages?

b. Fat content in sausage samples
Beef

Pork

 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

Fat content (g)
c. Answers will vary; examples are given. For pork sausages, most values are clustered around the mode of 19 g, whereas for beef there appears to be 

a spread of values mainly between 17 g and 23 g of fat. The highest fat content for beef sausages is higher than the highest fat content for pork 
sausages.

d. Pork sausages: mean fat = 19.35 g; beef sausages, mean fat = 20.75 g

e. Beef sausages have higher mean fat content than pork sausages by 1.4 g

f. 

0 105 15 20 25 30
Grams of fat

Beef

Pork

Sensational pork and beef sausage fat content

g . Answers will vary; examples are given. The median fat content for beef sausages (20.5 g) is slightly higher than the median for pork sausages 
(19 g). The upper quartile for the fat content of pork sausages (22.5 g) is very slightly lower than the upper quartile for the fat content for beef 
sausages (23 g). The interquartile ranges of fat content are very similar for both types of sausages (5.5 g for pork and 5 g for beef) suggesting the 
consistency of each set of data is similar. The difference between the two medians is less than one third of the overall visible spread, and the box 
for the fat content of beef sausages almost completely overlaps the box for the fat content of pork sausages.

h. We cannot say that the fat content of all Sensational beef sausages tends to be greater than the fat content for all Sensational pork sausages as the 
evidence from the sample makes it too close to call. In fact, the fat content of both sausages is potentially quite similar.
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