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Investigating and comparing 
data distributions

CHAPTER 1

LESSONS

1A	 Types of data

1B	 Displaying and describing categorical data

1C	 Displaying and describing numerical data

1D	 Summarising numerical data – median, range and IQR

1E	 Summarising numerical data – mean and standard deviation

1F	 The five-number summary and boxplots

1G	 Investigating data distributions

1H	 Comparing data distributions

KEY KNOWLEDGE

•	 types of data, including categorical (nominal or ordinal)  
or numerical (discrete or continuous, interval, ratio)

•	 display and description of categorical data distributions of 
one or more groups using frequency tables and bar charts, 
and the mode and its interpretation

•	 display and description of numerical data distributions 
using histograms, stem plots and dot plots and choosing 
between plots according to context and purpose

•	 summarising numerical data distributions, including  
use of and calculation of the sample summary statistics, 
median, range, and interquartile range (IQR) or mean and 
standard deviation

•	 the five-number summary and the boxplot as its graphical 
representation and display, including the use of the lower 
fence (​​Q​ 1​​ − 1.5 × IQR​) and upper fence (​​Q​ 3​​ + 1.5 × IQR​) 
to identify possible outliers

•	 consideration of a range of distributions (symmetrical, 
asymmetrical), their summary statistics and the percentage 
of data lying within several standard deviations of the mean

•	 use of back-to-back stem plots or parallel boxplots,  
as appropriate, to compare the distributions of a single 
numerical variable across two or more groups in terms 
of centre (median) and spread (IQR and range), and the 
interpretation of any differences observed in the context  
of the data.

UNIT 1 AOS 1

1This document is intended for ANNA TREEBY at Irymple Secondary College (user ID: 1686522).
Unauthorised circulation in any form is not permitted.



Types of data1A
STUDY DESIGN DOT POINT

	• types of data, including categorical (nominal or ordinal) or numerical (discrete or continuous, 
interval, ratio)

1A 1B 1C 1E1D 1F 1H1G

Worked example 1

Is the variable ​hair colour​ an example of categorical or numerical data?

Explanation

Step 1:	 Determine whether the variable is counted/measured 
or categorised into groups.

	 Hair colour cannot be counted or measured, but 
rather sorted into groups e.g. brown, black, red etc.

Step 2:	 Classify the data as categorical or numerical.

Answer
Categorical

KEY TERMS

	• Categorical data
	• Numerical data
	• Nominal data
	• Ordinal data
	• Discrete data
	• Continuous data
	• Interval data
	• Ratio data

KEY SKILLS

During this lesson, you will be:

	• classifying data as categorical or numerical
	• classifying categorical data as nominal or ordinal
	• classifying numerical data as discrete or continuous
	• classifying numerical data as interval or ratio.

Data is information that has been collected, often for the purposes of analysis or interpretation. 
Data can be classified as either categorical or numerical, and can then be classified even more 
specifically. It is important to understand the distinctions between types of data, as this will 
affect how the data can be used.

Classifying data as categorical or numerical
Categorical data refers to data which is organised into several categories or groups. Examples of 
categorical data include ​city​ and ​favourite colour​.

Numerical data refers to data that can be counted or measured. Examples of numerical data 
include ​length​ and ​number of pets​.

Most, but not all, data involving numbers is numerical. For example, a ​postcode​ such as 3047, 
while consisting of numbers, is not a numerical variable. This is because a postcode is just 
a numerical representation of a location. It would not make sense to perform mathematical 
operations, such as addition or multiplication, on a postcode. Furthermore, it would not make 
sense to take the average of multiple postcodes.

Chapter 1: Investigating and comparing data distributions 	2 This document is intended for ANNA TREEBY at Irymple Secondary College (user ID: 1686522).
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Classifying categorical data as nominal or ordinal
Categorical data can be further separated into two types.

Nominal data refers to data which has no logical order or ranking of categories. Examples of 
nominal data include ​flavour​ (vanilla, chocolate, strawberry etc.) and ​instrument​ (guitar, piano, 
violin etc.).

Ordinal data refers to data which can be logically ordered. Examples of ordinal data include ​
size​ (small, medium or large) and ​placement​ in a race (1st, 2nd, 3rd etc.)

Worked example 2

A poll asked the question ‘Ferraris are the greatest cars. Do you agree?’ with the possible responses 
‘strongly agree’, ‘agree’, ‘neutral’, ‘disagree’, or ‘strongly disagree’.
Are these responses nominal or ordinal?

Explanation

Step 1:	 Identify whether there is a logical order for 
the categories.

	 It makes sense for the categories to start and end with 
either ‘strongly agree’ and ‘strongly disagree’, and for 
‘neutral’ to be in the middle.

	 Therefore, there is a logical order.

Step 2:	 Classify the variable as nominal or ordinal.

Answer
Ordinal

Worked example 3

The ​maximum temperature​ (°C) on each day in July is recorded in 2018. Is ​maximum temperature​ (°C)  
a discrete or continuous variable?

Explanation

Step 1:	 Identify whether the variable is measured or counted.

	 The variable ​maximum temperature​ (°C) is a 
measured quantity; it can be measured to varying 
degrees of accuracy.

Step 2:	 Classify the variable as discrete or continuous.

Answer
Continuous

Classifying numerical data as discrete  
or continuous
Numerical data can be further classified as discrete or continuous.

Discrete data refers to data which can be counted using integers. Examples of discrete data 
include ​number of shirts​ and ​number of people​.

Continuous data refers to data which is measured using a continuous scale. Examples of 
continuous data include ​height​ (cm) and ​speed​ (km/h).
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Worked example 4

Classify the following variables as either interval or ratio.

a.	 ​temperature​ (°F)

Explanation

Step 1:	 Determine whether the scale used has an absolute 
zero value.

	 Since ​temperature​ in Farenheit can have a 
negative value, its scale does not have an absolute 
zero value.

Step 2:	 Classify the data as interval or ratio.

Answer
Interval

b.	 ​length​ (m)

Explanation

Step 1:	 Determine whether the scale used has an absolute 
zero value.

	 Since a negative ​length​ cannot be measured, 
and 0 m indicates the shortest possible ​length​, 
the scale for ​length​ has an absolute 0 value.

Step 2:	 Classify the data as interval or ratio.

Answer
Ratio

Classifying numerical data as interval or ratio
Numerical data can also be classified as either interval or ratio, depending on the scale that the 
data uses.

Interval data uses a scale where the difference between each adjacent possible value is equal. 
For example, the difference between ​temperatures​ of 18 °C and 19 °C is the same as the 
difference between 19 °C and 20 °C, so ​temperature​ (°C) is interval data. It is important to note 
that interval data can contain negative values.

Ratio data uses a scale similar to interval data, with one key difference. The 0 value on a scale 
for ratio data signifies the lowest possible value (‘absolute zero’), or a lack of a measurement. 
No negative values are possible to obtain using a ratio scale. Examples of ratio data include ​
length​ (cm) and ​age​ (years).
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1A Questions
Classifying data as categorical or numerical

1.	 Which of the following is a numerical variable?
A.	 ​country​
B.	 ​happiness levels​ (low, medium, high)
C.	 ​word count​
D.	 ​genre of music​

2.	 Classify the following variables as categorical or numerical.
a. ​name​ b. ​completion time​ (hours) c. ​number of medals​ d. ​breed of horse​

Classifying categorical data as nominal or ordinal

3.	 Students in a class are each asked various questions about their pets. This data is recorded. 
The variables ​type of pet​ (dog, cat, bird, fish, insect) and ​size of pet​ (small, medium, large) are
A.	 nominal and ordinal variables, respectively.
B.	 ordinal and nominal variables, respectively.
C.	 both nominal variables.
D.	 both ordinal variables.

4.	 Classify the following categorical data as either nominal or ordinal.
a.	 Favourite ​flavour​ of ice cream

b.	 The ​frequency​ at which a student walks to school (never, once a month, once a week, daily)

c.	 A player’s ​skill level​ (beginner, intermediate, advanced, expert)

d.	 Favourite ​brand​ of clothing

5.	 Data is collected from a local university inquiring about the ​age​ of their students. The possible 
answers are 14–17, 18–21, 22–25, and 26+. Classify this data as nominal or ordinal.

Classifying numerical data as discrete or continuous

6.	 Each member of the audience at a concert is asked the number of concerts they have attended in  
their lifetime, and their ​age​, in years. This data is recorded. The variables number of concerts and  
​age​ (years) are
A.	 both discrete variables.
B.	 both continuous variables.
C.	 discrete and continuous variables, respectively.
D.	 continuous and discrete variables, respectively.

7.	 Classify the following numerical data as either discrete or continuous.
a.	 The ​number of people​ attending a football match

b.	 The ​distance​ (km) from a planet to the sun

c.	 The ​temperature​ (°C) of a pool

d.	 The ​number of children​ in a classroom
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8.	 The fastest ​time taken​ for Usain Bolt to run 100 metres is 9.58 seconds. Is ​time taken​ a discrete or 
continuous variable?

Classifying numerical data as interval or ratio

9.	 Which of the following is not an example of ratio data?
A.	 ​age​ (years)
B.	 ​elevation​ compared to sea level (m)
C.	 ​width​ of a table (cm)
D.	 ​number of apples​

10.	 The variable ​temperature​ can be interval or ratio depending on what unit it is measured in. In 
degrees Celsius (°C), 0 represents the freezing temperature of water. In Kelvin (K), 0 is known 
as ‘absolute zero’ and is theoretically the coldest possible temperature. Which of the following 
statements is true?
A.	 ​temperature​ (°C) and ​temperature​ (K) are interval and ratio variables respectively.
B.	 ​temperature​ (°C) and ​temperature​ (K) are ratio and interval variables respectively.
C.	 ​temperature​ (°C) and ​temperature​ (K) are both interval variables.
D.	 ​temperature​ (°C) and ​temperature​ (K) are both ratio variables.

Joining it all together

11.	 Classify the following as either ordinal, nominal, discrete or continuous.
a.	 The weight of a bag of apples

b.	 The different brands of apples

c.	 The classification of apples as small, medium or large

d.	 The number of apples in a bag

12.	 Classify the following as either categorical or numerical data.
a.	 The number of breeds of cats in a shelter

b.	 The ranking of difficulty of maths questions from one to five

c.	 A postcode

d.	 A car’s registration number

Exam practice

13.	 The percentage segmented bar chart provided shows the ​age​ 
(under 55 years, 55 years and over) of visitors at a travel convention, 
segmented by ​preferred travel destination​ (domestic, international).
The variables ​age​ (under 55 years, 55 years and over) and  
​preferred travel destination​ (domestic, international) are
A.	 both categorical variables.
B.	 both numerical variables.
C.	 a numerical variable and a categorical variable respectively.
D.	 a categorical variable and a numerical variable respectively.
E.	 a discrete variable and a continuous variable respectively.
VCAA 2021 Exam 1 Data analysis Q1

pe
rc

en
ta

ge

age (years)

100

80

40

60

20

0

domestic

international

under
55 years

55 years
and over

70% of students answered 
this question correctly.
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14.	 The data in the table shown was collected in a study of the 
association between the variables ​frequency of nightmares​ (low, high) and ​snores​ (no, yes).

frequency of 
nightmares

snores
total

no yes

low 80 58 138

high 11 12 23

total 91 70 161

Data: adapted from RA Hicks and J Bautista, ‘Snoring and nightmares’, 
Perceptual and Motor Skills, 1 October 1993, <https://doi.org/10.2466/
pms.1993.77.2.433>

The variables in this study, ​frequency of nightmares​ (low, high) and ​snores​ (no, yes), are
A.	 ordinal and nominal respectively.
B.	 nominal and ordinal respectively.
C.	 both numerical.
D.	 both ordinal.
E.	 both nominal.
VCAA 2020 Exam 1 Data analysis Q10

Questions from multiple lessons

Data analysis Year 10 content

15.	 The following dot plot displays the age, in years, of the 22 players  
in a university football team.
The percentage of players that are 20 years of age is closest to
A.	 9%
B.	 14%
C.	 15%
D.	 18%
E.	 25%
Adapted from VCAA 2018 Exam 1 Data analysis Q1

Data analysis Year 10 content

16.	 The number of minutes spent eating breakfast on a particular day was recorded for a group 
of 20 high school students. The results are shown in the stem plot provided.

Key: 0 | 6 = 6 minutes

0 6 7 7 8 8 9

1 0 0 0 1 3 7 8

2 2 2 4 5 7

3 1 3

The percentage of these people that spent more than 10 minutes eating breakfast is
A.	 30%
B.	 40%
C.	 45%
D.	 55%
E.	 70%
Adapted from VCAA 2018NH Exam 1 Data analysis Q2

57% of students answered 
this question correctly.

19 21 23 25 2618 20 22 2417
age (years)
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Data analysis Year 10 content

17.	 The data in the table displays information for 25 different types of fruit.

fruit seed location size price ($ per kg)

apple internal medium $4.99

apricot internal medium $2.30

avocado internal medium $5.20

banana internal medium $3.49

blackcurrant internal small $7.25

blueberry internal small $6.95

boysenberry internal small $6.99

cherry internal small $8.99

cranberry internal small $6.99

fig internal medium $5.49

grape internal small $5.89

grapefruit internal large $9.49

jackfruit internal large $12.49

kiwifruit internal medium $4.99

kumquat internal small $5.99

lime internal small $1.99

lychee internal small $14.99

mango internal medium $6.99

orange internal medium $2.99

peach internal medium $10.49

pineapple internal large $3.49

pomegranate internal medium $7.99

raspberry internal small $4.99

strawberry external small $2.49

watermelon internal large $1.99 

The four variables in this data set are:
	• ​fruit​ – type of fruit
	• ​seed location​ – where seeds are found (external, internal)
	• ​size​ – size of the fruit (small, medium large)
	• ​price​ – the average prices for these fruits (dollars per kg)

a.	 How many variables in this data set are categorical variables? (1 MARK)

b.	 How many variables in this data set are ordinal variables? (1 MARK)

c.	 Name the large fruits that cost more than $3 per kg. (1 MARK)

Adapted from VCAA 2018 Exam 2 Data analysis Q1a-c
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Displaying and describing 
categorical data1B

STUDY DESIGN DOT POINT

	• display and description of categorical data distributions of one or more groups using frequency 
tables and bar charts, and the mode and its interpretation

1A 1B 1C 1E1D 1F 1H1G

Worked example 1

A class of students were asked about their favourite ice cream flavours. Their answers were:

chocolate strawberry chocolate chocolate vanilla
chocolate strawberry chocolate chocolate strawberry
strawberry vanilla chocolate chocolate chocolate

Display this information in a frequency table.

Explanation

Step 1:	 Set up a frequency table.

	 The categories should be displayed in the first 
column, a tally in the second, and frequency in 
the third.

favourite 
flavour tally frequency

chocolate

strawberry

vanilla

Step 2:	 Count the number of occurrences of each category.

	 Make a mark in the tally column for each student in 
the row associated with their answer.

favourite 
flavour tally frequency

chocolate IIII IIII

strawberry IIII

vanilla II

Continues →

KEY TERMS

	• Frequency table
	• Bar chart
	• Mode

KEY SKILLS

During this lesson, you will be:

	• constructing frequency tables
	• constructing bar charts
	• describing categorical data.

Categorical data can be displayed visually in order to make it easier to understand and interpret.  
Two common visual representations of categorical data are frequency tables and bar charts.

Constructing frequency tables
A frequency table is a table consisting of two columns that shows how often each category 
occurs within a data set. One column lists the different categories in the data set, and the other 
column lists the frequency of the categories. A third ‘tally’ column can also be included to help 
find the frequency.
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Constructing bar charts
A bar chart is a visual representation of categorical data. The categories of the data set are 
shown on the horizontal axis, and the frequency of the categories on the vertical axis.

Each category is represented by a bar with a height that represents the frequency of the category.  
Bars are drawn with gaps between them.

Step 3:	 Record the frequency of each category.

	 Record the totals from the tally column in the 
frequency column.

Answer

favourite 
flavour tally frequency

chocolate IIII IIII 9

strawberry IIII 4

vanilla II 2

Worked example 2

Dr. Barras always works a whole number of hours. Over a month, the number of hours he worked  
each day was recorded. This information is summarised in the following frequency table.

numbers of 
hours worked frequency

0–4 4

5–8 15

9–12 8

13–16 2

From the frequency table, construct a bar chart.

Explanation

Step 1:	 Construct the axes with the ‘frequency’ on the vertical 
axis and ‘​hours worked​’ on the horizontal axis.

	 The vertical axis should at least extend to the 
maximum frequency value.

	 The horizontal axis should include labels for each of 
the categories.

5

0

10

15

fr
eq

ue
nc

y

0−4 5−8 9−12 13−16

number of hours worked

Step 2:	 Draw vertical columns for each category.

	 The height of each individual bar should match the 
value in the frequency table.

	 Remember that each column should be 
separated by a gap.

Continues →
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Describing categorical data
Categorical data can be described using the mode. The mode (or modal category) is the most 
frequently occurring category within the data set. There can be multiple modal categories if 
two or more categories equally occur the most. To determine the modal category in a bar chart, 
identify the bar with the greatest vertical height.

Worked example 3

Students in a class were surveyed and asked about their favourite type of chocolate.
The results are shown in the following bar chart.
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type of chocolate

What is the most popular type of chocolate?

Explanation

The most ‘popular type’ of chocolate is the modal category.

The modal category is the bar with the greatest 
vertical height.

Answer
Milk chocolate

Answer
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1B Questions
Note: There are no direct exam questions relevant to this lesson.

Constructing frequency tables

1.	 A group of people were asked to name their ​favourite sport​. The following data 
was collected.
How many people chose netball as their favourite sport?
A.	 3
B.	 6
C.	 11
D.	 20

2.	 A group of people were asked about their favourite ​pizza topping​. The results of their 
responses are shown in the following frequency table.
a.	 How many people were surveyed?

b.	 What percentage of people like vegetarian pizza the most? Round to the 
nearest percent.

3.	 The ​eye colour​ of each person in an office was collected. The results are 
as follows:

blue blue brown brown brown
green hazel brown blue brown
green brown green blue hazel
brown brown blue hazel brown

Fill in the frequency table.

4.	 A group of 12 people were asked about their ​favourite genre​ of music. The results are shown in the 
following table.

person favourite genre

Demar pop

Udonis classical

Stephanie rock

Tyson classical

Yuri pop

Tess pop

Harris rock

Emily pop

Georgia pop

Omar rock

Alex pop

Thomson rock

Construct a frequency table that displays the information in the table.

favourite sport frequency

football 11

netball 6

basketball 3

pizza topping frequency

margherita 9

hawaiian 4

meat lovers 2

vegetarian 4

eye colour tally frequency
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Constructing bar charts

5.	 A group of 30 people were asked to choose their ​preferred travel destination​. 
The results are shown in the following bar chart.
How many people chose South America as their preferred travel destination?
A.	 6
B.	 9
C.	 14
D.	 15

6.	 The ​favourite holiday destination​ of 15 people is shown in the 
following frequency table.
Construct a bar chart to display this information.

7.	 A cafe recorded how many of each ​type of beverage​ was sold in one morning. 
A total of 200 beverages were sold. The data is shown in this frequency table.
a.	 What is the missing frequency value?

b.	 Create a bar chart to display the information in the table. Include the missing 
value found in part a.

Describing categorical data

8.	 A class of students were asked what ​type of transport​ they use to get to school. 
The results are displayed in the bar chart as shown.
Which type of transportation is the most popular?
A.	 Bus
B.	 Walk
C.	 Train
D.	 Car

9.	 A group of 1100 people were asked which ​city​ they were born in. The results are 
shown in the following frequency table.
a.	 What is the missing frequency value?

b.	 Which city had the greatest number of people born there?

10.	 Thirty students were asked about their ​favourite subject​. The results are shown 
in the following bar chart.
Which subject is the mode?
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Joining it all together

11.	 A group of 20 people were asked about their favourite ​type of tea​. The results were:

black peppermint chamomile black black
peppermint chamomile black peppermint black
peppermint chamomile black peppermint black
chamomile black peppermint black peppermint

a.	 Create a frequency table that displays this information.

b.	 Use the frequency table to create a bar chart.

12.	 A class of 25 students was surveyed about their ​hair colour​ and a bar chart was constructed.
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hair colour

The bar chart is incomplete. In the class, there are five times more students who have brown 
than red hair.
a.	 Complete the bar chart.

b.	 Use the bar chart to create a frequency table.

c.	 What is the most common hair colour?

13.	 A concert hall was filled with 25 000 people for a concert by the Melbourne Symphony Orchestra. 
The people who attended the concert were asked to fill out a survey as to their ​favourite instrument 
family​. In the survey 17.5% responded brass, 24.8% responded woodwind, 6.3% responded 
percussion, and the rest responded strings.
a.	 Strings is the favourite instrument family for what percentage of people?

b.	 Use the data to construct a frequency table.

c.	 From the frequency table, construct a bar chart.

d.	 What is the most popular instrument family?
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Questions from multiple lessons

Data analysis

14.	 Scientists are studying the relationship between the variables ​clothing size​ (extra small, small, 
medium, large, extra large) and ​height​ (in cm).
These variables are
A.	 ordinal and numerical respectively.
B.	 ordinal and nominal respectively.
C.	 nominal and numerical respectively.
D.	 numerical and nominal respectively.
E.	 both numerical.
Adapted from VCAA 2019NH Exam 1 Data analysis Q8

Recursion and financial modelling Year 10 content

15.	 A beanie store is currently having a Boxing Day sale. The price of a beanie is usually $9.80. If there is 
a 20% discount on all beanies, how much is the price of a beanie reduced by?

A. $1.96 B. $2.00 C. $2.04 D. $7.80 E. $7.84
Adapted from VCAA 2015 Exam 1 Business-related mathematics Q1

Data analysis Year 10 content

16.	 The ​number of eggs​ counted in a group of 20 turtle eggs clusters has been recorded in the 
following table.

number 
of eggs 37 63 59 69 51 59 54 58 63 36 63 37 69 61 68 62 37 67 53 59

a.	 Calculate the range. (1 MARK)

b.	 Calculate the percentage of clusters that contain more than 65 eggs. (1 MARK)

Adapted from VCAA 2017 Exam 2 Data analysis Q1a
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Displaying and describing 
numerical data1C

STUDY DESIGN DOT POINT

	• display and description of numerical data distributions using histograms, stem plots and dot 
plots and choosing between plots according to context and purpose

1A 1B 1C 1H1D 1E 1F 1G

Organising numerical data and displaying it visually can make it easier to interpret. Dot plots,  
stem plots, and histograms are three types of visual displays used to represent numerical data.  
They can be used to identify the frequency or percentage of values occurring within certain 
ranges of values. 

Displaying numerical data using dot plots
A dot plot is a visual representation of numerical data that uses stacked dots to convey the 
frequency of data values. The number of dots above a value on the axis represents the frequency 
of the value. The mode of the data set (also known as the modal value) is the value with the 
most dots.

Dot plots are best for displaying discrete numerical data or categorical data. As each dot represents  
a single data entry, dot plots can only display small/medium sized data sets with a small range 
of values.

1 2 3 4 50
values

The value ‘3’ appears 8 times.

KEY TERMS

	• Dot plot
	• Stem plot
	• Grouped 

frequency table
	• Histogram
	• Modal interval

KEY SKILLS

During this lesson, you will be:

	• displaying numerical data using dot plots
	• displaying numerical data using stem plots
	• displaying numerical data using histograms.

Worked example 1

The following data represents the ​number of pets​ owned by residents of George St in Fitzroy.
0 1 0 2 2 4 1 0 0 1 2 0 1
1 5 0 2 4 1 0 0 0 2 1 0 1

Continues →
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a.	 Construct a frequency table using this data.

Explanation

Step 1:	 Construct a table with ​number of pets​ in the left 
column and frequency in the right column.

	

Step 2:	 Count the number of occurrences of each data value 
and fill in the frequency column. 

Answer

b.	 Construct a dot plot using this data.

Explanation

Step 1:	 Draw a number line that covers all relevant 
data values.

	 The data set ranges from 0 to 5.

1 2 3 4 50
number of pets

Step 2:	 Draw dots above each value in accordance with the 
frequency of the value.

	 The frequency of 0 pets is 10, so there will be 10 dots 
above ‘0’ on the dot plot.

	 1 pet will have 8 dots, 2 will have 5 dots, and so on.

Step 3:	 Label the plot ‘​number of pets​’.

Answer

1 2 3 4 50
number of pets

number of pets frequency

0

1

2

3

4

5

number of pets frequency

0 10

1 8

2 5

3 0

4 2

5 1

Continues →
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Displaying numerical data using stem plots
A stem plot (or stem-and-leaf plot) is a visual representation of numerical data where each 
data entry is split into a ‘stem’, composed of the leading digit(s), and a ‘leaf’, the final digit.  
Each stem plot has a key that explains how to translate the stem and leaf entries into a number.

A stem plot is constructed by drawing a vertical line. The stems are ordered vertically to the left 
of the line. The leaves are to the right of the line, aligned horizontally with their corresponding 
stem, and are ordered numerically (with the smallest number nearest the stem).

7
8
9

10
11
12
13

8
2  6  9
2  5  8  8

5  7 
3  7  8  8  9
0  4  8  9

Empty stems cannot be skipped.

The stem is ordered numerically,
with the smallest number at the top.

Key: 7 | 8 = 78

A line separates the stems from the leaves.

Leaves are ordered 
numerically, with the 
smallest number
nearest the stem.

Stem plots should not be used if the range of data is large or if the data values are large, as it 
becomes difficult to display the data concisely. On the other hand, if the data has too few values, 
a stem plot might be unnecessary.

c.	 What is the modal number of pets?

Explanation

Identify which value has the most dots. 

‘0’ has the most dots.

Answer
0 pets

d.	 How many residents have one pet?

Explanation

Identify the number of dots above ‘1’. 

There are 8 dots above ‘1’.

Answer
8 residents

Worked example 2

A local swimming squad recorded their personal best 50-metre freestyle times. The following data set 
contains the personal best time (in seconds) of all the individual members.
43 38 52 41 47 32 39 45 40 28 49 30 43
Construct a stem plot using the data collected.

Explanation

Step 1:	 Consider an appropriate scale.

	 The data ranges from 28 to 52.

	 An appropriate scale will have the ‘tens’ values as the 
stem and the ‘ones’ values as the leaves. Continues →
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Displaying numerical data using histograms
A grouped frequency table is a table that organises numerical data into groups, or intervals, 
and shows the frequency of each interval.

When the data is continuous, the lower bound of each interval is inclusive, whilst the upper 
bound is not. 

For example, the following grouped frequency table was constructed using data on the  
length of fish caught in Mallacoota.

length of fish (cm) frequency

0–<10 1

10–<20 3

20–<30 9

30–<40 13

40–<50 4

According to the grouped frequency table, there were 13 fish caught that were at least 30 cm 
but less than 40 cm long, and 4 fish caught that were at least 40 cm long

A histogram is a visual representation of a grouped frequency table that uses the height of 
columns to represent frequency. The modal interval is the interval with the tallest column.

50
0

14

fr
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nc

y

length of fish (cm)

4

10 20 30 40

2

0

6

8

10

12

The values on the horizontal axis represent the lower bound of each interval. There is no gap 
between the columns.

Histograms are best at displaying data sets with a large number of numerical values. A calculator 
can be helpful in creating a histogram directly from the data.

Step 2:	 Create the stem by listing all the different ‘tens’ digits.

	

	 Note: Each stem within the range of the data needs to 
be included, even if there are no data values within it.

Step 3:	 List the ‘ones’ digits of each data value next to its 
corresponding stem, ordered smallest to largest.

	

Step 4:	 Add a key.

Answer
Key: 2 | 8 = 28 seconds

2 8

3 0 2 8 9

4 0 1 3 3 5 7 9

5 2

2

3

4

5

2 8

3 0 3 8 9

4 0 1 3 3 5 7 9

5 2
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Worked example 3

A class sat a 30-mark maths quiz. The following data set contains the scores, out of 30, of students in the class.
12 18 11 25 10 5 28 27 8 14 3 19 20
11 1 19 28 22 29 15 4 14 18 16 20 21

a.	 Construct a grouped frequency table to display data. 

Explanation

Step 1:	 Determine how the data should be grouped.

	 The data ranges from 1 to 28. Splitting the data 
into intervals of 5 marks is suitable.

Step 2:	 Construct a frequency table with the groups of values 
in the left column.

	

	 Note: As the data is discrete, the upper bound of each 
interval is inclusive.

Step 3:	 Count the number of data values that fall within each 
group and fill in the frequency column.

Answer

b.	 Construct a histogram to display the data.

Explanation – Method 1: By hand

Step 1:	 Construct the axes.

	 Mark the lower bound of each interval on the 
horizontal axis (0, 5, 10, etc.).

	 Label the horizontal axis ‘scores’ and the vertical 
axis ‘frequency’.

30
0

6
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scores

2

5 10 15 20

1

0

3
4
5

25

Step 2:	 Draw a vertical column for each interval with a height 
equal to its frequency.

Continues →

scores frequency

0–4

5–9

10–14

15–19

20–24

25–29

scores frequency

0–4 3

5–9 2

10–14 6

15–19 6

20–24 4

25–29 5
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Answer

30
0

6
fr

eq
ue

nc
y

scores

2

5 10 15 20

1

0

3
4
5

25

Explanation – Method 2: TI-Nspire

Step 1:	 From the home screen, select ‘1: New’ →  
‘4: Add Lists & Spreadsheet’.

Step 2:	 Name column A ‘scores’ and enter the data values 
into column A, starting from row 1.

Step 3:	 Press  + , and select  
‘5: Add Data & Statistics’.

	 Move the cursor to the horizontal axis and click  
‘Click to add variable’. Select ‘scores’.

Step 4:	 Press , select ‘1: Plot Type’ → ‘3: Histogram’.

Step 5:	 To adjust the column width and the starting point, 
press  and then select ‘2: Plot Properties’ → ‘2: 
Histogram Properties’ → ‘2: Bin Settings’ →  
‘1: Equal Bin Width’.

	 Set the column width by changing ‘Width’ to ‘5’.

	 Set the starting point by changing ‘Alignment’ to ‘0’.

	 Note: To change the view of the histogram press 
 and use options within ‘5: Window/Zoom’. 

Answer

Continues →
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Explanation – Method 3: Casio ClassPad

Step 1:	 From the main menu, tap .

Step 2:	 Press  and select abc .

	 Rename list1 to ‘scores’ and enter the data values 
starting from row 1.

Step 3:	 Configure the settings of the graph by tapping .

	 Create a histogram by changing ‘Type’ to ‘Histogram’.

	 Specify the data set by changing ‘XList’ to ‘main\scores’.

	 Tap setabc  to confirm.

Step 4:	 Tap  in the icon bar to plot the histogram.

	 Set the starting point by changing ‘HStart’ to 0.

	 Set the column width by changing ‘HStep’ to 5.

	 Note: To change the view of the histogram press .

Answer

c.	 How many students scored less than 50% on the quiz?

Explanation

Step 1:	 Determine the score that is equal to 50% 
on the quiz.

	 There are 30 marks.

	 0.5 × 30 = 15

	 A score of less than 15 corresponds to a score of 
less than 50%.

Step 2:	 Determine the number of scores less than 15.
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1

0
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5

25

	 Sum the heights of the columns. 

	​ 3 + 2 + 6 = 11​

Answer
11 students
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1C Questions
Displaying numerical data using dot plots

1.	 The number of bedrooms in 30 houses are shown in the  
following dot plot.
How many of the houses in the sample have 
four bedrooms?
A.	 7
B.	 8
C.	 9
D.	 10

2.	 Consider the following data set.
5 4 5 4 3 5 2 5 4 3 6 2 4 3 1 1 2 4 2 4 6 4 2 8 5 5
a.	 Construct a dot plot.

b.	 What is the modal value?

c.	 How many data values are equal to or less than 3?

3.	 Every day, Mr Robinson counts how many students in his General Maths  
class look at their phones at some point instead of doing questions. The data he 
collected over 36 days is displayed in the given frequency table. 
a.	 Mr Robinson decides that a visual display would be useful for understanding 

the effect of phones on his students. Create a dot plot based on his data.

b.	 On what percentage of days do none of the students look at their phones? 
Round to one decimal place.

Displaying numerical data using stem plots

4.	 The following stem plot displays the test score, out of 40, obtained by 20 Year 11 students on a maths test.
Key: 2 | 5 = 25

0 9

1 5 8 9

2 5 6 8 8 9

3 0 1 1 1 3 3 5 7 8 8

4 0

What percentage of students failed the test if a mark of 50% was required to pass?

A. 4% B. 5% C. 15% D. 20%

5.	 Consider the following data set.
45 28 73 38 75 27 39 47 76 89 63 75 37
37 19 37 39 49 57 26 75 55 49 20 70 63
a.	 Construct a stem plot using this data.

b.	 How many values are greater than 70?

2 3 4 61
number of bedrooms

5

students on phones frequency

0 7

1 5

2 13

3 6

4 3

5 1

6 0

7 1
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6.	 A farmer recently harvested a new crop of watermelons. Before selling them, the farmer recorded the 
weight of all the watermelons in kilograms.
10.8 12.1 11.1 11.4 11.7 12.5 14.6 14.0 10.9 11.1 14.7 12.9 15.3
15.6 14.4 12.2 12.1 11.9 10.9 10.5 10.1 12.5 11.7 14.1 15.0 11.6

a.	 Construct a stem plot that displays the weight of the watermelons within the new crop.

b.	 What percentage of the watermelon crop weighed more than 13 kg? Round to one decimal place.

Displaying numerical data using histograms

7.	 The following histogram shows the distribution of  
​average life span​ for 189 countries. 
What is the modal interval of the distribution?
A.	 45–<50
B.	 65–<70
C.	 65–<75
D.	 70–<75

8.	 A group of 26 students took part in a survey where they were asked how many hours of exercise they 
complete weekly. The following data set displays the results.
4 8 14 3 7 9 6 19 10 4 6 0 2 7 11 7 8 6 21 15 12 5 3 6 2 5

a.	 Using intervals of 5 hours, construct a grouped frequency table.

b.	 How many students exercise less than 5 hours per week?

c.	 What percentage of students exercise less than 5 hours per week? Round to one decimal place.

d.	 Find the modal interval and state its frequency.

9.	 Consider the following data set. 
11.4 27.1 29.6 20.8 27.0 10.2 22.1 11.4 9.1 16.4 5.7 24.4 10.5
12.2 3.9 17.4 1.1 25.3 34.6 21.5 16.2 13.7 7.4 23.2 29.5 17.4

a.	 Construct a histogram with intervals of 5 units, starting with the interval 0–<5.

b.	 What is the frequency of values within the interval 10–<15?

10.	 The ​circumference​, in centimetres, of trees in a local park are as follows:
15 110 76 22 84 18 94 11 45 72 53 81 118
26 18 104 111 63 38 23 14 65 103 89 31 16

a.	 Construct a histogram with intervals of 20 cm, starting from 0 cm.

b.	 The local council are planning to build a treehouse in one of the larger trees. The council estimates 
that a circumference of more than one metre is necessary for the tree to be suitable for a treehouse.  
How many trees are suitable?

c.	 The trees within the park take exactly one year to reach a circumference of 20 cm. What percentage 
of the trees have been within the park for at least a year? Round to one decimal place.
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11.	 A group of 100 athletes from different disciplines had their resting  
heart rate measured. The following frequency table details the results.
a.	 Construct a histogram using the table.

b.	 Which interval(s) contain more than 25% of the athletes?

c.	 A resting heart rate of less than 90 BPM is considered healthy.  
How many athletes are considered unhealthy?

Joining it all together

12.	 Which visual display would be best suited for displaying the following data set?
3 1 1 4 3 2 4 6 4 2 6 5 5 5 4 5 2 4 5 2 5 4 3 8 2 4

A. Dot plot B. Histogram C. Stem plot D. Grouped  
frequency table

13.	 Consider the following set of discrete data. 
13 38 32 27 24 22 20 14 11 26 36 31 28
11 15 23 17 34 39 39 37 14 16 20 21 28

a.	 Construct a grouped frequency table with appropriate intervals.

b.	 Construct a histogram based on the grouped frequency table.

c.	 Construct a stem plot.

14.	 Harry surveyed his whole neighbourhood and collected data on how many children are in 
each family.
a.	 Explain why a stem plot is not a suitable display of Harry’s data.

b.	 Which display, out of a dot plot or histogram, would be most suitable for this kind of data? 
Explain why.

Exam practice

15.	 The following stem plot displays the wingspan, in millimetres, of 19 moths that were captured.
Key: 1 | 2 = 12 wingspan (mm)

1 8

2 2 2 4 4 4

2 5 5 9

3 0 0 1 2 3 4

3 6 8

4 0 3

Write down the modal ​wingspan​, in millimetres, of the moths captured. (1 MARK)

Adapted from VCAA 2017 Exam 2 Data analysis Q2b

16.	 The following table shows the ​day number​ and the ​minimum temperature​, in degrees Celsius, 
for 15 consecutive days in May 2017.

day number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

minimum 
temperature 
(°C)

12.7 11.8 10.7 9.0 6.0 7.0 4.1 4.8 9.2 6.7 7.5 8.0 8.6 9.8 7.7

Data: Australian Government, Bureau of Meteorology,<www.bom.gov.au/>

heart rate (BPM) frequency

30–<50 32

50–<70 43

70–<90 15

90–<110 8

110–<130 2

87% of students  
answered this type of 
question correctly.
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The incomplete ordered stem plot has been constructed using the data values for days 1 to 10.

Key: 4 | 1 = 4.1 n = 15

minimum temperature (°C)

4 1 8

5

6 0 7

7 0

8

9 0 2

10 7

11 8

12 7

Complete the stem plot by adding the data values for days 11 to 15. (1 MARK)

VCAA 2019 Exam 2 Data analysis Q1b

17.	 The following dot plot shows the average number of goals scored per season by each player within a 
soccer club.

1 2 3 4 190
average goals scored

5 6 7 8 9 10 11 12 13 14 15 16 17 18

Use the grid to construct a histogram that displays the distribution of the average number of goals scored 
per season at the soccer club. Use interval widths of two with the first interval starting at 0. (2 MARKS)
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Adapted from VCAA 2016 Exam 2 Data analysis Q1d

83% of students answered 
this question correctly.

The average mark on this 
type of question was 1.1.
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Questions from multiple lessons

Data analysis Year 10 content

18.	 Niall and Louis are holidaying in Victoria and decide to visit the zoo.
The following boxplot displays the weight, in grams, of 83 meerkats at Werribee Zoo.

weight (g)
670 680 700 710 720 730 760660 740 750690

The percentage of these 83 meerkats with a weight greater than 690 g is closest to

A. 15% B. 25% C. 50% D. 75% E. 85%
Adapted from VCAA 2017 Exam 1 Data analysis Q1

Data analysis

19.	 The following histogram displays the height, in centimetres, of 60 competitors in an E-Sports 
tournament.
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2

164
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The height for this sample of competitors is most frequently
A.	 greater than or equal to 168 cm and less than 170 cm.
B.	 greater than or equal to 170 cm and less than 172 cm.
C.	 greater than or equal to 172 cm and less than 174 cm.
D.	 greater than or equal to 174 cm and less than 176 cm.
E.	 greater than or equal to 176 cm and less than 178 cm.
Adapted from VCAA 2018NH Exam 1 Data analysis Q3
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Data analysis Year 10 content

20.	 The number of movies watched on Netflix within a month, for 13 people, is shown in the 
following data set.
9 8 4 3 16 5 4 7 3 2 0 4 10

a.	 Construct a five-number summary for the data set. (1 MARK)

b.	 Determine if there are any outliers in the data. If there are outliers, what are they? (1 MARK)

c.	 Use the five-number summary to construct a boxplot. (1 MARK)
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Summarising numerical data – 
median, range and IQR1D

STUDY DESIGN DOT POINT

	• summarising numerical data distributions, including use of and calculation of the sample 
summary statistics, median, range, and interquartile range (IQR) or mean and standard deviation

1A 1B 1C 1H1D 1E 1F 1G

The median, range, quartiles and interquartile range are useful measures of the centre and  
spread of numerical data. They help to understand and classify distributions, recognise patterns  
and identify useful data. They also help in analysing different subsections of data.

Determining the median
The centre refers to the middle of a data set, and can be measured in several ways. This lesson 
will focus on the median as a measure of the centre. The median is the middle value of an ordered 
data set. 

In a data set with n values, the median is located in the ​​​(​ 
n + 1 _ 2  ​)​​​ 

th
​​ position. 

If there is an even number of data values, the median is the average of the two middle values.

For example, if there are 20 values in the data set, ​​(​ 
n + 1 _ 2  ​)​ = 10.5​. On either side of 10.5 are 

the 10th and 11th values. The median is the average of these two values.

When finding the median from tables and charts, it can be determined either by inspection or 
by first listing the data in ascending order.

See worked example 1

See worked example 2

KEY TERMS

	• Centre
	• Median
	• Spread
	• Range
	• Interquartile range
	• Quartiles

KEY SKILLS

During this lesson, you will be:

	• determining the median 
	• calculating the range
	• calculating the interquartile range.

Worked example 1

For the following data set, determine the median.
43 252 465 859 245 492 453 48 239 4

Explanation

Step 1:	 Rearrange the data set in ascending order.

	 4 43 48 239 245 252 453 465 492 859

Step 2:	 Count the number of values in the data set.

	 n = 10

Step 3:	 Determine the position of the median.

	 The median is located in the ​​​(​ 
n + 1 _ 2  ​)​​​ 

th
​​ position.

	​​  10 + 1 _ 2  ​ = 5.5​

	 Since there are an even number of values, the median 
is the average of the 5th and 6th values.

Continues →
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Step 4:	 Calculate the median.

	 The 5th and 6th values are shown.

	 4 43 48 239 245 252 453 465 492 859

	​ ​ 245 + 252 ___________ 2  ​​ ​= 248.5​

	

Answer
248.5

Worked example 2

Determine the median of the following data displays.

a.	

Explanation

Step 1:	 List the data in ascending order.

	 0 0 0 1 1 1 1 2 2 3 3 3 3 4

Step 2:	 Count the number of values in the data set.

	 n = 14

Step 3:	 Determine the position of the median.

	 The median is located in the ​​​(​ 
n + 1 _ 2  ​)​​​ 

th
​​ position.

	​ ​ 14 + 1 _ 2  ​ = 7.5​

	 Since there are an even number of values, the median 
is the average of the 7th and 8th values.

Step 4:	 Calculate the median.

	 The 7th and 8th values are shown.

	 0 0 0 1 1 1 1 2 2 3 3 3 3 4

	​ ​ 1 + 2 _ 2  ​​ ​= 1.5​
Answer
1.5 pets

b.	

Explanation

Step 1:	 List the data in ascending order.

	 0 2 2 2 3 3 4 4 4 4 5 6 7 7 7 7 8 9 9

Step 2:	 Count the number of values in the data set.

	 n = 19

Step 3:	 Determine the position of the median.

	 The median is located in the ​​​(​ 
n + 1 _ 2  ​)​​​ 

th
​​ position.

	​ ​ 19 + 1 _ 2  ​ = 10​

number of pets frequency

0 3

1 4

2 2

3 4

4 1

Continues →
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Step 4:	 Determine the median.

	 The 10th value is shown.

	 0 2 2 2 3 3 4 4 4 4 5 6 7 7 7 7 8 9 9

Answer
4 marks

c.	

Explanation

Step 1:	 List the data in ascending order.

	 12 14 14 16 22 23 24 27 28 30 33 39

Step 2:	 Count the number of values in the data set. 

	 n = 12

Step 3:	 Determine the position of the median.

	 The median is located in the ​​​(​ 
n + 1 _ 2  ​)​​​ 

th
​​ position.

	​ ​ 12 + 1 _ 2  ​ = 6.5​

	 Since there are an even number of values, the median 
is the average of the 6th and 7th values.

Step 4:	 Calculate the median.

	 The 6th and 7th values are shown.

	 12 14 14 16 22 23 24 27 28 30 33 39

	​ ​ 23 + 24 ___________ 2  ​​ ​= 23.5​

Answer
$23.50

Key: 1 | 5 = $15

1 2 4 4 6

2 2 3 4 7 8

3 0 3 9

Calculating the range
The spread refers to how similar or varied a data set is. One useful measure of spread is 
the range. The range of a numerical data set is the difference between the largest number 
(maximum) and the smallest number (minimum).

​range = maximum − minimum​

Finding the range is the simplest way of measuring the spread of a data set.

Worked example 3

For the following data set, calculate the range.
4 55 6 77 87 34 56 23 11 23 4 6 94 23 123 −3 −6 −2

Explanation

Step 1:	 Identify the minimum.

	 The smallest number in the data set is −6.

Step 2:	 Identify the maximum.

	 The largest number in the data set is 123.

Step 3:	 Calculate the range.

	​ ​range = 123 − ​(​​−6​)​​​​

		​  = 129​

Answer
129
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Calculating the interquartile range
The interquartile range (IQR) is a measure of the spread of the middle 50% of a data set. Since it 
does not include the upper 25% and lower 25% of values, it is not affected by outliers.

Before the interquartile range can be calculated, the quartiles must be found. Quartiles are the 
values that divide an ordered data set into quarters. 

There are three quartiles denoted the first quartile (​​Q​ 1​​​), the second quartile (​​Q​ 2​​​) and the third 
quartile (​​Q​ 3​​​). 

	• ​​Q​ 1​​​, the first quartile, is the median of the lower half of the data set. The median, Q2,  
is excluded if there is an odd number of values. 

	• ​​Q​ 2​​​, the second quartile, is the median of the data set.
	• ​​Q​ 3​​​, the third quartile, is the median of the upper half of the data set. The median, Q2,  

is excluded if there is an odd number of values. 

With these values the interquartile range can now be calculated.

​IQR = ​Q​ 3​​ − ​Q​ 1​​​

interquartile range
(Q3–Q1)

25% mark
first quartile (Q1)

50% mark
second quartile (Q2)

75% mark
third quartile (Q3)

25% of values 25% of values 25% of values 25% of values

Worked example 4

Consider the following data set.
3 50 34 2 34 21 4 5 7 4 3 12 4 8 10

a.	 Determine the quartiles (​​Q​ 1​​​, ​​Q​ 2​​​, ​​Q​ 3​​​).

Explanation

Step 1:	 List the data in ascending order.

	 2 3 3 4 4 4 5 7 8 10 12 21 34 34 50

Step 2:	 Determine the median (​​Q​ 2​​​) of the data set.

	​ n = 15​

	​​  n + 1 _ 2  ​ = 8​

	 The median is located in the 8th position.

	​ ​Q​ 2​​ = 7​

Step 3:	 Split the data set into halves.

	 Since there are an odd number of values, the median  
will be excluded.

lower half
2 3 3 4 4 4 5 7 8 10 12 21 34 34 50

upper half
median

Step 4:	 Determine ​​Q​ 1​​​.

	​ ​Q​ 1​​​ is the median of the lower half of the data set.

	 n = 7

	​​  n + 1 _ 2  ​ = 4​

	​ ​Q​ 1​​​ is located in the 4th position of the lower half.

	​ ​Q​ 1​​ = 4​

Step 5:	 Determine Q3.

	 Q3 is the median of the upper half of the data set.

	 Q3 is located in the 4th position of the upper half.

	 Q3 = 21

Answer
​​Q​ 1​​ = 4, ​Q​ 2​​ = 7, ​Q​ 3​​ = 21​

Continues →
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b.	 Calculate the interquartile range.

Explanation

From part a, ​​Q​ 1​​ = 4​ and ​​Q​ 3​​ = 21​.

​IQR = ​Q​ 3​​ − ​Q​ 1​​​

	​ = 21 − 4​

	​ = 17​

Answer
17

1D Questions
Determining the median 

1.	 Which of the following dot plots has a median of 7?

A.

6 7 8 95

B.

6 7 8 95

C.

6 7 8 95

D.

6 7 8 95

2.	 Determine the median of the following data. 
2 41 7 38 −26 25 32 79 −6

3.	 Josh went to the beach and measured the heights of each of the sandcastles. The height,  
in centimetres, of the sandcastles are shown. 
30 17 26 15 88 45 37 44 21 52
Determine the median height of the sandcastles.

4.	 Anastasia counted the number of windows on some of the properties in her neighbourhood.  
She displayed this data using a dot plot. Determine the median number of windows.

2 3 4 61 5

number of windows
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5.	 Maddy constructed a stem plot showing the amount of money each of her friends had in their  
piggy bank. Determine the median of the stem plot.

Key: 12 | 3 = $123

11 2 4 9

12 2 5 6 9

13 1 5

14 2 5 7 7

Calculating the range

6.	 What is the range of the following data set? 
34 77 93 25 20 46 111 102 62

A. 28 B. 62 C. 91 D. 111

7.	 Consider the following data set.
224 894 275 560 165 196 575 839 992

a.	 What are the minimum and maximum values?

b.	 What is the range?

8.	 Ms Nalder made a dot plot displaying the number of siblings each of her  
students has. Calculate the range. 

Calculating the interquartile range

9.	 Each of the following data sets contain 11 values. 
Which data set has a Q3 value of 9?
A.	 4 3 4 2 7 4 3 9 12 11 11
B.	 1 9 12 20 9 10 6 11 7 9 9
C.	 14 6 1 10 3 4 3 8 12 1 2
D.	 2 1 1 7 8 4 3 9 12 11 2

10.	 Consider the following data set.
224 894 275 165 196 575 839 992

a.	 Find ​​Q​ 1​​​, ​​Q​ 2​​​ and ​​Q​ 3​​​.

b.	 Calculate the interquartile range.

11.	 What is the interquartile range of the following data set?
12 17 22 25 43 16 29 20 46

2 3 5 61 4
number of siblings
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12.	 Calculate the interquartile range of the following stem plot.

Key: 1 | 3 = 13 minutes

1 2 4 5 7 7 7 8 9 9

2 3 4 8

3 0

4 1 1 4

5 1 9

13.	 Amy asked each of her friends how many holidays they went on last year,  
and summarised the data in the following frequency table.
Calculate the interquartile range.

Joining it all together

14.	 Consider the following data set.
22 31 19 46 38 26 15 29 32

a.	 Determine the median.

b.	 Calculate the range.

c.	 Find the quartiles.

15.	 The number of students at 13 different schools is shown.
293 932 536 304 265 482 773 285 582 287 349 223 888

a.	 What are the minimum and maximum numbers of students?

b.	 Determine the median number of students.

c.	 Calculate the interquartile range.

16.	 Jacob played 16 games of basketball and kept track of the number of field goals he scored each game 
using a frequency table.

field goals frequency

0 1

1 4

2 6

3 2

4 3

a.	 Calculate the range.

b.	 Find Q3 of the data.

c.	 Calculate the interquartile range.

number of holidays frequency

0 2

1 7

2 4

3 3

4 1
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Exam practice

17.	 In a study of the association between forearm length and neck size, 250 monkeys were grouped by 
neck size (below average, average and above average) and had their forearm length recorded.
The distribution of forearm length for each group are summarised in the following table with the 
group size.

forearm length (cm)

neck size group size min. ​​Q​ 1​​​ median ​​Q​ 3​​​ max.

below average 50 18.1 20.6 21.6 23.2 26.8

average 124 19.8 23.4 24.6 26.0 33.9

above average 76 23.1 26.3 28.1 29.9 39.1

What is the interquartile range (IQR) of ​forearm length​ for the monkeys with an average  
​neck size​? (1 MARK)

Adapted from VCAA 2020 Exam 2 Data analysis Q3b

18.	 The number of eggs counted in a sample of 12 clusters of moth eggs is recorded in the following table.

number of eggs 172 192 159 125 197 135 140 140 138 166 136 131

From the information given, determine the range. (1 MARK)

VCAA 2017 Exam 2 Data analysis Q1ai

19.	 The congestion level in a city can be recorded as the percentage increase in travel time due to traffic 
congestion in peak periods (compared to non-peak periods).
This is called the percentage congestion level.
The percentage congestion levels for the morning and evening peak periods for 19 large cities are 
plotted on the scatterplot.
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n 
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%
)

morning congestion level (%)

60

40 45 50 55

55

35

65

70

60 65

50

45

40

Determine the median percentage congestion level for the morning peak period and the evening peak 
period. Write the answers in the appropriate boxes provided. (2 MARKS)

Median percentage congestion level for morning peak period:  %

Median percentage congestion level for evening peak period:  %

VCAA 2018 Exam 2 Data analysis Q2a

89% of students 
answered this type of 
question correctly.

87% of students answered 
this question correctly.

The average mark on this 
question was 1.1.
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Questions from multiple lessons

Graphs and relations Year 10 content

20.	 Four swimmers competed in a 4×100 m medley relay in the following order. 

order name

first William

second Josh

third Torri

fourth Gretchen

The following line segment graph displays the progression of the race. 
Torri’s segment is missing.

250
0

400

di
st

an
ce

 (m
)

time (s)

100

50 100 150 2000

200

300

(54, 100)

(113, 200)

(171, 300)

(224, 400)

Speed is calculated as distance over time, which is represented by the slope of the line. The speed 
that Torri swam at is closest to
A.	 1.5 m/s
B.	 1.5 km/h
C.	 1.7 m/s
D.	 1.7 km/h
E.	 1.8 m/s
Adapted from VCAA 2018 Exam 1 Graphs and relations Q4

Recursion and financial modelling Year 10 content

21.	 Due to a faulty zipper, the price of a pair of jeans has been reduced by 60%. If the original price of the 
jeans was $45, how much has the price been reduced by?
A.	 $18
B.	 $19
C.	 $22
D.	 $23
E.	 $27
Adapted from VCAA 2015 Exam 1 Business-related mathematics Q1
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Data analysis Year 10 content

22.	  

a.	 Use the data in the table to complete the following two-way frequency table. (2 MARKS)

size

small medium large

caffeine 
level

low

medium

high

total

b.	 What percentage of large coffees had a high ​caffeine level​? Round to the nearest percent. (1 MARK)

Adapted from VCAA 2018 Exam 2 Data analysis Q1d,e

type of coffee size caffeine level price

cappuccino medium medium $3.50

mocha large low $4.50

white mocha large low $4.99

dark mocha large low $4.99

espresso small high $4.99

latte medium medium $4.50

cold brew medium medium $5.50

cold brew latte medium medium $5.50

iced americano large high $6.50

iced cappuccino medium medium $4.50

iced mocha large low $5.50

iced white mocha large low $5.99

iced dark mocha large low $5.99

iced espresso small high $5.99

iced latte medium medium $5.50
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Summarising numerical data – 
mean and standard deviation1E

STUDY DESIGN DOT POINT

	• summarising numerical data distributions, including use of and calculation of the sample 
summary statistics, median, range, and interquartile range (IQR) or mean and standard deviation

1A 1B 1C 1H1D 1E 1F 1G

Descriptive statistics can aid in the understanding and analysis of a data set. The mean and 
standard deviation are two types of descriptive statistics that provide inference into the 
central tendency and dispersion of data.

Calculating the mean of a data set
The mean is a measure of centre that averages out all values of a data set into a single,  
central value. It is calculated by adding all data values in a sample and then dividing the  
sum by the number of values.

Often the data collected is a sample from a larger population. As such, when calculating the mean  
of a data set in this course, this is actually a reference to the mean of a sample (or sample mean), 
which is denoted ​​

_
 𝑥 ​​.

The mean is calculated using the formula

​mean = ​ 
the sum of all elements in the data set

   ____________    the total number of elements in the data set ​​

The formula can also be written as:

​​
_
 𝑥 ​ = ​ Σ𝑥 _ n  ​​, where 

	• ​Σ𝑥​ is the sum of all values
	• ​n​ is the number of values in the data set.

KEY TERMS

	• Mean
	• Standard deviation

KEY SKILLS

During this lesson, you will be:

	• calculating the mean of a data set
	• calculating the mean and standard deviation using technology
	• using the mean and standard deviation to compare numerical distributions.

Worked example 1

Calculate the mean of the data set displayed in the following dot plot.

2 3 4 101 5 6 7 8 9

Explanation

Step 1:	 Extract the data set from the dot plot.

	 1 2 2 3 3 4 4 4 4 5 5 6 7 8 8 10
Continues →
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Step 2:	 Calculate ​Σ𝑥​ and determine ​n​.

	​ Σ𝑥 = ​�1 + 2 + 2 + 3 + 3 + 4 + 4 + 4 + 4 + 5 +	
5 + 6 + 7 + 8 + 8 + 10

		​  = 76​

	 There are 16 elements in the data set.

	​ n = 16​

Step 3:	 Calculate the mean.

	​​
_
 𝑥 ​ = ​ 76 _ 16 ​​

		​  = 4.75​

Answer
4.75

Calculating the mean and standard deviation 
using technology
Once the mean has been calculated, the standard deviation can be used to give an indication of 
the spread of a data set. The standard deviation is a measure of spread that is based on the  
average deviation (or difference) of each data point compared to the mean. The standard deviation  
of a data sample is denoted ​​s​ 𝑥​​​, and has a value that is always greater than or equal to 0.

The standard deviation can be manually calculated using the formula

​​s​ 𝑥​​ = ​√ 
___________

 ​ ​Σ​(𝑥 − ​
_
 𝑥 ​)​​​ 2​ ___________ n − 1  ​ ​​, where

	• ​​Σ​(𝑥 − ​
_
 𝑥 ​)​​​ 2​​ is the sum of the squared differences between each data value and the mean

	• ​n​ is the number of values in the data set.

Worked example 2

Calculate the mean and standard deviation of the following data set, rounded to two decimal places.
5 6 12 27 3

Explanation – Method 1: TI-Nspire

Step 1:	 From the home screen, select ‘1: New’ → ‘4: Add Lists 
& Spreadsheet’.

Step 2:	 Name column A ‘data’ and enter the data starting 
from row 1. 

Step 3:	 Press  + , and select ‘1: Add Calculator’. 

Step 4:	 Press  → ‘6: Statistics’ → ‘1: Stat Calculations’ 
→ ‘1: One-Variable Statistics’. 

	 Set ‘Num of Lists:’ to ‘1’ and select ‘OK’.

	 Set ‘X1 List:’ to ‘data’ and select ‘OK’.

Step 5:	 Identify the mean ​​(​
_
 𝑥 ​)​​ and standard deviation ​​(​s​ 𝑥​​)​​.

Continues →
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Explanation – Method 2: Casio ClassPad

Step 1:	 From the menu, tap .

Step 2:	 Type the data in column ‘list1’.

Step 3:	 Tap ‘Calc’ → ‘One-Variable’. 

	 Set ‘XList:’ to ‘list1’ and ‘Freq:’ to ‘1’. Tap ‘OK’.

Step 4:	 Identify the mean ​​(​
_
 𝑥 ​)​​ and standard deviation ​​(​s​ 𝑥​​)​​.

Answer – Method 1 and 2
Mean: 10.60
Standard deviation: 9.76

Using the mean and standard deviation to 
compare numerical distributions
The mean and standard deviation can be used to perform analysis across different data sets  
to compare the centre and spread of distributions.

A larger mean suggests that the centre of the distribution is a higher value. A smaller mean 
suggests that the centre of the distribution is a lower value. 

A larger standard deviation indicates that the values are more spread out and further from  
the mean. A smaller standard deviation indicates that the values are closer to the mean,  
and less spread out.

Worked example 3

The test score, in percentages, for students in two Year 11 General Maths classes was recorded. The mean and 
standard deviation were calculated and summarised in the following table. 

mean standard deviation

class A 82 3.2

class B 89 6.7

Continues →
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a.	 Compare the mean test score for class A and class B.

Explanation

State the class with the higher mean test score, providing 
the mean figures for the two classes being compared.

Answer
Class B had a higher mean test score than class A. The mean for class B was 89%, while the mean for  
class A was 82%.

b.	 Compare the standard deviation in test score for class A and class B.

Explanation

State the class with the smaller standard deviation in test 
score, providing the standard deviation figures for the two 
classes being compared.

Answer
Class A had a smaller standard deviation in test score than class B. The standard deviation for class A  
was 3.2%, while the standard deviation for class B was 6.7%.

1E Questions
Calculating the mean of a data set

1.	 Abby recently received her exam result for each subject in semester 1. The results are shown in the 
following table.

Mathematics English Geography History Chemistry

exam result (%) 66 95 40 79 10

What is her mean exam result for the semester 1 exam period?

A. 10% B. 58% C. 65% D. 95%

2.	 Calculate the mean of the data set displayed in the following dot plot. 

1 2 3 80 4 5 6 7

3.	 It was determined that, in a class of 25 students, the mean score on a chemistry test was 67%.  
A new student joined the class one week later and sat the same test. He achieved a score of 95%. 
a.	 Would this new score increase or decrease the mean value?

b.	 Calculate the new mean score, rounded to one decimal place.
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Calculating the mean and standard deviation using technology 

4.	 Consider the following data set.
10.8 12.7 22.4 18.1 32.5 12.6
The standard deviation is closest to

A. −8.2 B. −7.5 C. 7.5 D. 8.2

5.	 The amount of money spent by Mary on online shopping, over one week, is recorded in the 
following table.

Mon Tue Wed Thu Fri Sat Sun

money spent ($) 20 23 12 5 10 12 30

a.	 Calculate the standard deviation of this data set, correct to two decimal places.

b.	 On the following Monday, it was Mary's birthday. Mary decided to celebrate by spending $100 
on a gift for herself. What is the standard deviation of money spent on her 8-day shopping spree, 
rounded to two decimal places?

c.	 Has the standard deviation increased or decreased? Explain why.

6.	 Nicky is working at Coles. She records the weight, in kilograms, of each customer’s groceries over the 
course of 10 minutes. 
4.5 6.9 2.4 8.1 2.5 2.6
Nicky then realises that she had recorded one of the values incorrectly. The ‘8.1’ should have been 
recorded as ‘10.3’ instead. 
a.	 What is the implication of this change on the standard deviation?

b.	 Use a calculator to determine the new standard deviation, rounded to two decimal places.

Using the mean and standard deviation to compare numerical distributions

7.	 Two dot plots are shown. Without doing any calculations, state which dot plot has a larger  
standard deviation. 

A.

2 3 41

B.

2 3 4 91 5 6 7 8

8.	 The height (cm) of each player in the senior basketball team and  
senior netball team was recorded. The following table shows the 
mean and the standard deviation for each of the two teams. 
a.	 Compare the mean height of the two teams.

b.	 Compare the standard deviation in height of the two teams.

Joining it all together

9.	 In the Amazing Chef cooking competition, competitors receive a rating, out of 10, on a selection of dishes. 
a.	 The results for one chef, Kaiden, are shown in the following table. Find the mean and standard 

deviation of his results, rounded to one decimal place.

jam donuts spaghetti caesar salad cheesecake pizza rice

rating 1.4 9.9 4.5 7.8 3.4 10.0

mean standard deviation

basketball team 178.4 3.2

netball team 167.7 8.1
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b.	 Another contestant, Emily, has her results shown in the following table. She is yet to be judged 
for her last dish. What rating must she receive, rounded to one decimal place, to achieve a mean 
rating of 6.5?

jam donuts spaghetti caesar salad cheesecake pizza rice

rating 5.4 7.8 6.2 5.4 4.9

c.	 Suppose Emily received a rating of 9.8 on her final dish. Describe how this would affect the mean 
and standard deviation of her results.

10.	 Leon recorded the number of points he scored in his first five basketball games of the season. 

game 1 2 3 4 5

points scored 25 26 20 19 28

a.	 Calculate the mean and standard deviation of points scored in Leon’s first five games, rounded to 
two decimal places where necessary. 

b.	 Leon wants to average 25 points scored over his first seven games. Given that he scored 27 points 
in game six, how many points does Leon need to score in game seven?

c.	 Assuming Leon achieved his goal and averaged exactly 25 points scored over his first seven games, 
calculate the standard deviation in points scored, rounded to two decimal places.

d.	 Compare the standard deviation in points scored from part a and part c.

Exam practice

11.	 The following table shows the time taken, in seconds, for a sample of 10 athletes to complete a  
50 m freestyle swim. 

time taken (seconds) 23.5 27.1 22.5 23.4 30.0 29.3 26.5 22.8 29.3 22.1

The mean, ​​
_
 𝑥 ​​, and the standard deviation, ​​s​ 𝑥​​​, for this sample of athletes are closest to

A.	 ​​
_
 𝑥 ​ = 25.65​, ​​s​ 𝑥​​ = 3.14​

B.	 ​​
_
 𝑥 ​ = 3.14​, ​​s​ 𝑥​​ = 25.65​

C.	 ​​
_
 𝑥 ​ = 25.65​, ​​s​ 𝑥​​ = 2.98​

D.	 ​​
_
 𝑥 ​ = 25.65​, ​​s​ 𝑥​​ = 3.41​

E.	 ​​
_
 𝑥 ​ = 2.98​, ​​s​ 𝑥​​ = 25.65​

Adapted from VCAA 2017 Exam 1 Data analysis Q3

12.	 The ​height​, in cm, and ​leg length​, in cm, of a sample of 11 men aged 23 to 25 years are shown in the table.

height (cm) 170.0 180.4 192.5 158.6 168.3 175.2 163.9 177.1 192.2 188.3 183.4

leg length (cm) 76.3 80.1 79.3 82.5 87.4 88.5 90.1 86.3 85.2 77.2 76.9

For these 11 men, determine the mean of their ​height​, in cm, correct to two  
decimal places. (1 MARK)

Adapted from VCAA 2020 Exam 2 Data analysis Q4aii

88% of students 
answered this type of 
question correctly.

77% of students  
answered this type of 
question correctly.
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13.	 In the sport of heptathlon, athletes compete in seven events. 
These events are the 100 m hurdles, high jump, shot-put, javelin, 200 m run, 800 m run and long jump.
Fifteen female athletes competed to qualify for the heptathlon at the Olympic Games. 
Their results for two of the heptathlon events – long jump and 100 m run – are shown in Table 1.
Table 1

athlete number long jump (metres) 100 m run (seconds)

1 7.99 13.21

2 7.00 15.31

3 6.03 16.28

4 5.53 13.54

5 6.82 12.76

6 7.88 11.56

7 6.92 14.22

8 6.91 12.83

9 7.86 14.37

10 8.05 15.05

11 6.83 16.02

12 5.87 14.40

13 5.95 16.23

14 6.91 12.93

15 6.94 13.63

Complete Table 2 by calculating the standard deviation in the distance jumped in the long jump, in 
metres, by the 15 athletes. (1 MARK)

Table 2

statistic long jump (metres) 100 m run (seconds)

mean 6.90 14.16

standard deviation 1.41

Adapted from VCAA 2021 Exam 2 Data analysis Q1b

Questions from multiple lessons

Data analysis

14.	 The following two-way frequency table displays the ​preferred beverage​ (coffee, tea, juice) and ​age​ 
(under 40 years, 40 years or over) of 83 people.

age

under 40 years 40 years or over

preferred 
beverage

coffee 18 21

tea 9 16

juice 14 5

total 41 42

The percentage of people under 40 years old who chose tea as their preferred beverage is closest to

A. 11% B. 21% C. 22% D. 32% E. 78%
Adapted from VCAA 2016 Exam 1 Data analysis Q1

87% of students  
answered this type of 
question correctly.

1E
 Q

U
ES

TI
O

N
S

	  1E Summarising numerical data – mean and standard deviationChapter 1: Investigating and comparing data distributions 	 45This document is intended for ANNA TREEBY at Irymple Secondary College (user ID: 1686522).
Unauthorised circulation in any form is not permitted.



Data analysis

15.	 A manager is investigating the relationship between the time it takes for employees to complete tasks 
and the quality of work.
The variables ​time taken​ and ​quality​ (below satisfactory, satisfactory, good, excellent) are
A.	 both numerical.
B.	 both categorical.
C.	 a discrete variable and a nominal variable respectively.
D.	 a continuous variable and an ordinal variable respectively.
E.	 a continuous variable and a nominal variable respectively.
Adapted from VCAA 2016 Exam 1 Data analysis Q2 

Data analysis 

16.	 Horacio has just opened his start-up business selling custom pet figurines. 
The following dot plot shows the number of figurines sold each day over a period of 31 days.

2 4 6 140 8 10 12

number of figurines sold

a.	 Identify the number of days on which Horacio made no sales. (1 MARK)

b.	 Calculate the percentage of days in which more than 10 figurines were sold. Give the answer 
correct to one decimal place. (1 MARK)

c.	 Determine the median value. (1 MARK)

Adapted from VCAA 2016 Exam 2 Data analysis Q1c-d
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The five-number summary 
and boxplots1F

STUDY DESIGN DOT POINT

	• the five-number summary and the boxplot as its graphical representation and display, including 
the use of the lower fence (​​Q​ 1​​ − 1.5 × IQR​) and upper fence (​​Q​ 3​​ + 1.5 × IQR​) to identify 
possible outliers

1A 1B 1C 1D 1E 1F 1G 1H

KEY TERMS

	• Five-number summary
	• Minimum
	• Maximum
	• Outliers
	• Upper fence
	• Lower fence
	• Boxplot

KEY SKILLS

During this lesson, you will be:

	• calculating the five-number summary
	• identifying outliers using fences
	• constructing and interpreting boxplots.

The five-number summary summarises key features of a distribution of numerical data. 
A boxplot is a visual representation of the distribution and is constructed using the 
five-number summary. It shows the distribution of the values in a data set within certain 
intervals. Constructing boxplots from numerical data sets allows conclusions to be drawn 
about the distribution.

Calculating the five-number summary
When there is a set of numerical data that is arranged in ascending order, a five-number 
summary can be created. A five-number summary summarises the distribution of a data set, 
as well as providing key information about the spread and centre.

The five figures included in the summary are: minimum, lower quartile (​​​Q​ 1​​​​), median (​​Q​ 2​​​),  
upper quartile (​​Q​ 3​​​), and maximum.

The minimum is the smallest value in the data set, while the maximum value is the largest 
value in the data set.

For example, the five-number summary for the data set 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 is:

1 2 3 4 5 6 7 8 9 10

Q3Q1 maximumminimum median

Minimum: 1

First quartile (​​Q​ 1​​​): 3

Median (​​Q​ 2​​​): 5.5

Third quartile (​​Q​ 3​​​): 8

Maximum: 10
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Worked example 1

Create a five-number summary for the following data set.
18 16 21 4 24 17 34 19 15 10 14

Explanation – Method 1: By hand

Step 1:	 Rewrite the data in ascending order.

	 4 10 14 15 16 17 18 19 21 24 34

Step 2:	 Identify the minimum and the maximum values.

	 4 10 14 15 16 17 18 19 21 24 34

	​ minimum = 4​

	​ maximum = 34​

Step 3:	 Determine the median (​​Q​ 2​​​).

	 Using the formula ​​ n + 1 _ 2  ​​, where ​n​ is the number of 
elements in the data set, determine the position of the 
median value.

	​ ​ 11 + 1 _ 2  ​ = 6​

	 4 10 14 15 16 17 18 19 21 24 34

	 The median is the sixth element of the data set, 
which is 17.

Step 4:	 Determine the upper and lower quartiles (​​Q​ 1​​​ and ​​Q​ 3​​​).

	​ ​Q​ 1​​​ is the median of the lower half of the data set.

	 Lower half: 4 10 14 15 16

	​ ​Q​ 1​​ = 14​

	​ ​Q​ 3​​​ is the median of the upper half of the data set.

	 Upper half: 18 19 21 24 34

	​ ​Q​ 3​​ = 21​

Explanation – Method 2: TI-Nspire

Step 1:	 From the home screen, select ‘1: New’ → ‘4: Add Lists 
& Spreadsheet’.

	 Name column A as ‘list’ and enter the data values , 
starting from row 1.

Step 2:	 Press . Select ‘4: Statistics’ → ‘1: Stat 
Calculations’ → ‘1: One-Variable Statistics’.

	 Select ‘OK’ to confirm one-variable statistics for one 
data set only.

Step 3:	 Specify the data set by entering ‘list’ in ‘X1 List:’.

	 Select ‘OK’ to exit this window and generate 
the statistics.

	 Scroll down to find the five-number summary statistics.

Explanation – Method 3: Casio ClassPad

Step 1:	 From the main menu, tap .

	 Name list1 as ‘list’ and enter the data values, starting 
from row 1.

Step 2:	 Tap ‘Calc’ → ‘One-Variable’.

	 Specify the data set by changing ‘XList:’ to ‘main/list’.

	 Tap ‘OK’ to confirm.

Step 3:	 Scroll down to find the five-number summary statistics.

Answer – Method 1, 2 and 3
4, 14, 17, 21, 34
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Identifying outliers using fences
Outliers are values in a data set that are outside of the general spread of data, and can be found 
by calculating the upper and lower fences.

The lower fence defines the boundary of an outlier in the lower half of the data.

The upper fence defines the boundary of an outlier in the upper half of the data.

​​​lower fence = Q​ 1​​ − ​(​​1.5 × IQR​)​​​​

​​​upper fence = Q​ 3​​ + ​(​​1.5 × IQR​)​​​​

If a value in the data set is below the lower fence or above the 
upper fence, it is considered to be an outlier. It is important to 
note that outliers can still be labelled as the minimum or 
maximum value, and are included in the five-number summary.

Note: Lower and upper fences are not included in the five-number  
summary, so it is not necessary to mark them when creating a 
boxplot unless the question specifies.

lower fence upper fence

−2 −1 0 1 2 3 4 5 6 7 8

outlier

IQR

Worked example 2

The ​number of runs​ scored by 13 players in a cricket match was recorded.
75 82 87 76 81 83 82 25 83 79 105 85 78

a.	 Calculate the lower and upper fences of the data set.

Explanation

Step 1:	 Arrange the data in ascending order.

	 25 75 76 78 79 81 82 82 83 83 
85 87 105

Step 2:	 Construct the five-number summary.

	 Minimum: 25

	 First quartile (​​Q​ 1​​​): 77

	 Median (​​Q​ 2​​​): 82

	 Third quartile (​​Q​ 3​​​): 84

	 Maximum: 105

Step 3:	 Calculate the ​IQR​.

	​ IQR = ​Q​ 3​​ − ​Q​ 1​​​

		​  = 84 − 77​

		​  = 7​

Step 4:	 Find the lower and upper fence.

	​ ​lower fence = ​Q​ 1​​ − ​(​​1.5 × IQR​)​​​​

		​  ​= 77 − ​(​​1.5 × 7​)​​​​

		​  = 66.5​

	​ ​​upper fence = Q​ 3​​ + ​(​​1.5 × IQR​)​​​​

		​  ​= 84 + ​(​​1.5 × 7​)​​​​

		​  = 94.5​

Answer
​lower fence = 66.5​
​upper fence = 94.5​

b.	 Identify any outliers.

Explanation

25 75 76 78 79 81 82 82 83 83 85 87 105

Lower fence: 66.5	 Upper fence: 94.5

​25 < 66.5​

25 is under the lower fence of 66.5.

​105 > 95.5​

105 is above the upper fence of 94.5.
Answer
25 and 105
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Constructing and interpreting boxplots
A boxplot is a graphical representation of a set of numerical data. It shows the five-number 
summary and any outliers.

A boxplot consists of a box and whiskers positioned above a scale. If there are no outliers,  
the leftmost and rightmost ends of the whiskers represent the minimum and maximum values. 
However, if there are outliers, they are shown as separate dots on the same scale, and the whisker 
ends represent the most extreme values that aren’t outliers.

The central box represents the middle 50% of values, where the left and right borders of the box 
represent ​​Q​ 1​​​ and ​​Q​ 3​​​ respectively. The vertical line dividing the box represents the median.

Note: This line doesn’t always divide the box into two equal halves.

The left whisker extends from the minimum non-outlier value to ​​Q​ 1​​​, while the right whisker 
extends from ​​Q​ 3​​​ to the maximum non-outlier value.

whisker whiskerbox

The boxplot is divided into four quarters where the data found between two consecutive 
boundaries represents 25% of the total data set.

25% of the data is shown between the following intervals:

	• Minimum to ​​Q​ 1​​​
	• ​​Q​ 1​​​ to median (​​Q​ 2​​​)
	• Median to ​​Q​ 3​​​
	• ​​Q​ 3​​​ to maximum.

See worked example 3

See worked example 4

25% 25% 25% 25%

medianQ1 Q3minimum maximum

Worked example 3

Construct a boxplot using the following data.
1 5 5 6 7 7 7 8 8 9

Explanation – Method 1: By hand

Step 1:	 Construct the five-number summary.

	 1, 5, 7, 8, 9

Step 2:	 Check for any outliers.

	 Calculate the IQR.

	​ IQR = ​Q​ 3​​ − ​Q​ 1​​​

		​  = 8 − 5​

		​  = 3​

	 Calculate the lower fence.

	​ ​lower fence = ​Q​ 1​​ − ​(​​1.5 × IQR​)​​​​

		​  ​= 5 − ​(​​1.5 × 3​)​​​​

		​  = 0.5​

	 Calculate the upper fence.

	​ ​​upper fence = Q​ 3​​ + ​(​​1.5 × IQR​)​​​​

		​  ​= 8 + ​(​​1.5 × 3​)​​​​

		​  = 12.5​

	 All data values lie between the lower and upper fence. 
So, there are no outliers.

Step 3:	 Construct an axis with an appropriate scale.

	 The scale should have a range that 
accommodates all data.

	 Intervals of the scale should be constant.

	 Since the data ranges from 1–9, an appropriate scale 
would run from 0–9.

0 1 2 3 4 5 6 7 8 9

Step 4:	 Draw the border of the box.

	 The left border is ​​Q​ 1​​​, 5, and the right border is ​​Q​ 3​​​, 8.

0 1 2 3 4 5 6 7 8 9

Step 5:	 Mark the median.

	 The vertical line in the box represents the median, 7.

0 1 2 3 4 5 6 7 8 9

Continues →
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Step 6:	 Draw the whiskers.

	 As there is no value below the lower fence, the left 
whisker extends from ​​Q​ 1​​​ to the minimum value, 1.

	 As there is no value above the upper fence, the right 
whisker extends from ​​Q​ 3​​​ to the maximum value, 9.

Answer

0 1 2 3 4 5 6 7 8 9

Explanation – Method 2: TI-Nspire

Step 1:	 From the home screen, select ‘1: New’ → ‘4: Add Lists 
& Spreadsheet’.

Step 2:	 Name column A ‘list’ and enter the data values into 
column A, starting from row 1.

Step 3:	 Press  +  and select ‘5: Add Data 
& Statistics’.

	 Move the cursor to the horizontal axis and select 
‘Click to add variable’.

	 Select ‘list’.

Step 4:	 Press . Select ‘1: Plot Type’ → ‘2: Box Plot’.

	 Note: To change the view of the histogram press 
 and use options within ‘5: Window/Zoom’.

Answer

Explanation – Method 3: Casio ClassPad

Step 1:	 From the main menu, tap .

Step 2:	 Name list1 ‘list’ and input the data values starting 
from row 1.

Step 3:	 Configure the settings of the graph by tapping .

	 Create a histogram by changing ‘Type:’ to ‘MedBox’.

	 Specify the data set by changing ‘XList:’ to ‘main\list’.

	 Tick the ‘Show Outliers’ box.

	 Tap ‘Set’ to confirm.

Step 4:	 Tap  in the icon bar to plot the boxplot.
Continues →
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Worked example 4

The ​test scores​ of a Year 12 Biology class are represented by the following boxplot.

45 46 47 48 49 5453525150
test scores

a.	 Determine the five-number summary, and identify any outliers.

Explanation

Step 1:	 Identify the minimum and maximum values.

	 The leftmost end of the whisker extends to 45. 
As there are no values found below 45, this 
represents the minimum.

	 The rightmost end of the whisker extends to 51. 
However, since there is a value found above 51, 
the outlier represents the maximum.

	​ minimum = 45​

	​ maximum = 54​

Step 2:	 Identify ​​Q​ 1​​​ and ​​Q​ 3​​​.

	 The left and right borders of the box represent ​​Q​ 1​​​ and ​​
Q​ 3​​​ respectively.

	​ ​Q​ 1​​ = 46​

	​ ​Q​ 3​​ = 49​

Step 3:	 Identify the median.

	 The vertical line in the box represents the median.

	​ median = 48​

Answer
45, 46, 48, 49, 54
There is an outlier at 54.

b.	 Between which two values does the middle 50% of the data lie?

Explanation

The middle 50% of the data lies between ​​Q​ 1​​​ and ​​Q​ 3​​​.

​​Q​ 1​​ = 46​

​​Q​ 3​​ = 49​

Answer
46 and 49

c.	 What percentage of scores were over 49?

Explanation

​​Q​ 3​​ = 49​
25% of the data is greater than ​​Q​ 3​​​.

Continues →

Answer
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1F Questions
Calculating the five-number summary

1.	 What’s the median value of the following data set?
1 2 8 21 23 37 81

A. 14.5 B. 21 C. 22 D. 24.7

2.	 In an athletics carnival, the ​times​ (seconds) of the 100 m sprint for the 15–16 year old boys 
were recorded.
11.33 16.21 10.99 15.89 12.30 15.71 19.20 12.11 12.60 13.01 11.32 14.00
Find ​​Q​ 3​​​.

3.	 Employees in an office were asked how much they work a week. The ​number of hours​ they each 
logged in one week was recorded.
25.32 23.32 34.56 45.54 12.43 40.01 38.35 34.11 21.34 37.76 38.04 31.89
Construct a five-number summary of the data, rounded to two decimal places.

4.	 Construct a five-number summary for the following stem plot.

Key: 3 | 9 = 39

0 4

1 0 3 5 8

2 2 6 9

3 6 6

4 3

5 7

5.	 The ​shoe size​ of members in a teenage basketball team was recorded.
a.	 What is the median value of this data set?

b.	 What are the values of ​​Q​ 1​​​ and ​​Q​ 3​​​?

c.	 Is the value of ​​Q​ 1​​​ similar to the median? If so, why would this be the case?

d.	 Construct a five-number summary.

Identifying outliers using fences

6.	 A group of 100 Year 12 students were asked the ​number of hours​ on average they spend looking at a 
screen per day. The five-number summary for the results is: 1, 4, 6, 7, 11.
The lower fence for this data is:

A. −0.5 B. 3 C. 4.5 D. 11.5

shoe size frequency

7 3

8 5

9 3

10 2

Answer
25%
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7.	 Teachers in a high school were asked for their ​age​. The following data shows 15 responses. 
Without calculating the lower and upper fence, determine the potential outlier.
40 41 43 42 39 42 40 38 40 42 19 41 40 39 40

8.	 Calculate the upper and lower fences, and subsequently identify any outliers from the following 
data sets:
a.	 5 5 6 6 6 7 7 8 8 10 14 80

b.	 55 59 41 48 48 49 41 41 41 42 50 70

9.	 Customers purchasing items from a pet shop were asked the ​number of pets​ they own. The following 
data shows the 13 responses.
0 0 1 1 1 1 2 2 3 4 6 15 21
a.	 Find the lower and upper fences.

b.	 Identify the outliers.

c.	 Explain why some of the values are considered outliers.

Constructing and interpreting boxplots

10.	 What is the five-number summary for the following boxplot?
A.	 3, 3, 5, 6, 7
B.	 0, 1, 2, 7, 8
C.	 0, 3, 5, 6, 8
D.	 8, 7, 2, 1, 0

11.	 A class of 23 students were asked what they thought of rap music. They gave it a ​rating​ out of 10, 
and the following results were recorded.
1 4 5 5 6 7 7 7 7 8 8 8 8 9 9 9 9 9 10 10 10 10 10
Construct a boxplot from the data by hand and include any outliers if present.

12.	 The ​temperature​, in °C, in Melbourne over 24 days is displayed using a boxplot.

9 10 11 12 13 2317 18 19 10 21 22161514

temperature (°C)

a.	 The 6 days that recorded the highest ​temperature​ in Melbourne is between which two data 
values on the boxplot?

b.	 What percentage of days were between 14 °C and 17 °C?

Joining it all together

13.	 The ​height​, in centimetres, of a Grade 5 class of 14 girls were recorded. The results are as follows:
130.32 123.56 167.98 123.57 143.16 134.18 119.12
120.46 121.65 110.65 122.87 151.89 112.12 110.56
a.	 Construct a five-number summary for the data, rounded to two decimal places.

b.	 Identify any outliers.

c.	 Show that 110.65 cm is not an outlier.

d.	 Construct a boxplot by hand to represent the data.

0 91 2 3 87654
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e.	 What percentage of girls are between 119.12 cm and 134.18 cm tall?

f.	 How many girls are between 123.22 cm and 167.98 cm tall?

Exam practice

14.	 In a study of the association between ​age​ (years) and ​neck size​, 250 chimpanzees were grouped 
by ​neck size​ (below average, average and above average) and their ​age​.
Five-number summaries describing the distribution of age for each group are displayed in the 
following table along with the group size.
The associated boxplots are also shown.

age (years)

neck size group size min. ​​Q​ 1​​​ median ​​Q​ 3​​​ max.

below average 50 18.1 20.6 21.6 23.2 26.8

average 124 19.8 23.4 24.6 26.0 33.9

above average 76 23.1 26.25 28.1 29.95 39.1

18 24 30 36 42 48

age (years)

ne
ck

 si
ze average

below average

above average

n = 50

n = 76

n = 124

What percentage of these 250 chimpanzees are classified as having a below average 
neck size? (1 MARK)

Adapted from VCAA 2020 Exam 2 Data analysis Q3a

15.	 Two friends, Andy and Bob, are training for a triathlon. The following parallel boxplots show the ​
distance travelled​ (km) of 32 bike rides they each did in the lead up to their triathlon.

6 8 10 12 14 3022 24 26 28201816

distance travelled (km)

Bob

Andy

Use the information in the boxplots to complete the following sentence.
In the lead up to the triathlon, the median value for ​Bob′s distance travelled​ was 

 km less than the median value for ​Andy′s distance travelled​. (1 MARK)

Adapted from VCAA 2019 Exam 2 Data analysis Q2aii

93% of students  
answered this type of 
question correctly.

87% of students  
answered this type of 
question correctly.
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16.	 The boxplot shows the distribution of the ​reaction time​ (milliseconds), of 256 firefighters.

0 50 100 150 200 250

reaction time (milliseconds)

The five-number summary for the ​reaction time​ of these 256 firefighters is closest to
A.	 70, 130, 140, 152, 179
B.	 70, 130, 140, 152, 255
C.	 122, 130, 140, 152, 179
D.	 122, 130, 140, 152, 245
E.	 122, 130, 140, 152, 265
Adapted from VCAA 2017 Exam 1 Data analysis Q2

Questions from multiple lessons

Data analysis Year 10 content

17.	 Lachlan is working on his fitness so he went for nine runs last week. The total distance he ran 
was 42.3 km. What is the mean distance that Lachlan ran?

A. 4.23 km B. 4.67 km C. 4.7 km D. 4.8 km E. 4.92 km
Adapted from VCAA 2019NH Exam 1 Data analysis Q3

Data analysis

18.	 Are the variables ​exam grade​ (high distinction, distinction, pass, fail) and ​time spent studying​ 
(less than 5 hours, 5 to 10 hours, more than 10 hours) nominal, ordinal, discrete or continuous?
A.	 The variables are both nominal.
B.	 The variables are both ordinal.
C.	 The variables are nominal and ordinal respectively.
D.	 The variables are ordinal and discrete respectively.
E.	 The variables are nominal and discrete respectively.
Adapted from VCAA 2016 Exam 1 Data analysis Q2

Data analysis

19.	 Class A and B were surveyed on the ​number of hours​ they spend doing homework each week. 
Their responses are recorded in the following back-to-back stem plot.

number of hours

Key: 1 | 0 = 10 hours
Class A Class B

4 0 4

9 8 8 6 0 5 5 8

4 2 2 1 0 0 1 2 3 3 3 4

9 1 8 8

1 0 0 2 0 1 2 2

2 5

a.	 Which group has a larger range? (1 MARK)

b.	 What is the difference in the median of the two groups? (1 MARK)

58% of students  
answered this type of 
question correctly.
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Investigating data distributions1G
STUDY DESIGN DOT POINT

	• consideration of a range of distributions (symmetrical, asymmetrical), their summary statistics 
and the percentage of data lying within several standard deviations of the mean

1A 1B 1C 1H1D 1E 1F 1G

Data can be analysed and described in different ways to better understand trends or to make 
generalisations. The shape, centre, spread and standard deviation of a data set are all useful 
when investigating data distributions. The normal distribution is also useful in finding the 
amount of data within given intervals.

Describing the shape of data distributions
The shape of a distribution refers to how the data is arranged. Depending on the arrangement, 
data can be described as skewed, symmetric or bimodal. It is important to remember that the 
location of the data on an axis does not affect the shape of the distribution.

Symmetric data can be described as either perfectly or approximately symmetric.

A perfectly symmetric distribution will be the exact same on either side of the centre of data. 
An approximately symmetric distribution will be very similar on either side of the centre,  
but does not have to be perfect.

The following examples demonstrate perfectly symmetric distributions.

3 9

4 2 3 8

5 2 5 6 8 9

6 3 6 9
7 6

The following examples demonstrate approximately symmetric distributions.

4 1 6

5 3 5 6 9

6 2 3 5 8 9

7 2 4 8

8 5 6

KEY TERMS

	• Perfectly symmetric 
	• Approximately 

symmetric 
	• Positive skew
	• Negative skew 
	• Bimodal
	• Normal distribution 
	• 68–95–99.7% rule

KEY SKILLS

During this lesson, you will be:

	• describing the shape of data distributions
	• comparing data distributions 
	• interpreting the normal distribution. 
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The skew of a distribution describes which direction from the peak the data trails off to.  
A positive skew occurs when the ‘tail’ trails off from the peak in a positive direction.  
A negative skew occurs when the ‘tail’ trails off from the peak in a negative direction.

3 5

4 1 3 4 4 6 9

5 0 3 7 8

6 2 5 6

7 1

8 4 8

9 1

2 6

3 8

4

5 7

6 2 3 9

7 0 2 5 8

8 1 3 4 6 8 9

9 1

Negative skewPositive skew

Tail trails o� to
the more positive
end of the axis

Tail trails o� to
the more negative
end of the axis

Tail trails o� to
the more positive
end of the axis

Tail trails o� to
the more negative
end of the axis

Tail trails o� to the more
positive end of the stem

Tail trails o� to the more 
negative end of the stem

0

0

0

0

A distribution is bimodal if it has two distinct peaks within the distribution. 

Note: The peaks do not have to be the same height for the distribution to be considered bimodal. 

Peaks
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Worked example 1

Describe the shape of the following distributions.

a.	

Explanation

Step 1:	 Determine whether the distribution is 
approximately or perfectly symmetric, skewed 
or bimodal.

	 The distribution is skewed, as there is only one 
peak and it is not symmetric.

Step 2:	 Determine whether the distribution is positively or 
negatively skewed.

	 The distribution trails off in a negative direction on 
the horizontal axis.

Tail

Answer
Negatively skewed

b.	

Explanation

Determine whether the distribution is approximately or 
perfectly symmetric, skewed or bimodal.

There are two peaks in the distribution so it is bimodal.

The distribution is neither symmetric nor skewed. 

Answer
Bimodal

0 1 2 3 4 5 6 7 8 9
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Comparing data distributions
Measures of centre and spread can be used when comparing data distributions. 

Recall that the measure of centre refers to the middle point of a distribution, and will often 
be the peak.

The spread describes how similar or varied the data set is. For numerical data displays,  
the spread can sometimes be best represented by the range. 

Recall that the range can be calculated as ​range = maximum value − minimum value​.

Worked example 2

Compare the centre and spread of the following distributions.

0 4020 60 80 100

2 9

3 2 4

3 5 6 8 8

4 0 1 2 2 4

4 5 6 6 7 8 9 9

5 0 1 3 4 4

5 5 8 9

6 0

1 2 Key: 3 | 2 = 32

Explanation

Step 1:	 Compare the centre.

	 Distribution 1 is approximately centred around 
55–60. Distribution 2 is centred around 45–49. 

	 Therefore, distribution 1 tends to have larger values.

Step 2:	 Compare the spread. The range of distribution 1 will 
be approximate.

	​ approximate rang​e​ 1​​ = 100 − 10 = 90​

	​ rang​e​ 2​​ = 60 − 29 = 31​

	 Therefore distribution 1 has a larger spread.

Answer
Distribution 1 has a greater centre and spread than distribution 2.

Interpreting the normal distribution
Some symmetric data sets can be further described as having a normal distribution.  
The normal distribution can be used to identify the percentage of data within a number of 
standard deviations from the centre. In a normal distribution, the mean and the median are 
equal and both represent the centre of data. 

When there is a normally distributed data set, its mean ​​(​
_
 𝑥 ​)​​ and standard deviation ​​(​s​ 𝑥​​)​​ value 

can be used to compare the data to the standard normal distribution curve, which has a mean  
of 0, and standard deviation of 1. This comparison helps to visualise intervals in terms of 
standard deviations. 

The 68–95–99.7% rule determines the percentage of the data that lies within each standard 
deviation either side of the mean.

−3 −2 −1 0 1 2 3

16%

68%

16%

s𝑥𝑥

68% of the data lies within 1 standard deviation either side of the mean.
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−3 −2 −1 0 1 2 3

2.5%

95%

2.5%

s𝑥𝑥

95% of the data lies within 2 standard deviations either side of the mean.

−3 −2 −1 0 1 2 3

0.15%

99.7%

0.15%

s𝑥𝑥

99.7% of the data lies within 3 standard deviations either side of the mean.

The percentage of data lying within one standard deviation to the next is shown in the 
following image.

−3 −2 −1 0 1 2 3

0.15%

34%

0.15%

s𝑥𝑥

34%

13.5%

2.35%

13.5%

2.35%

Worked example 3

22 members of a football team were asked to record their height. Their height was normally distributed with 
a mean of 182 cm and a standard deviation of 4 cm. 

a.	 What percentage of players are between 178 cm and 186 cm tall?

Explanation

Step 1:	 Calculate the number of standard deviations each 
value is from the mean.

	 The mean is 182 cm and standard deviation is 4 cm. 

	​ 182 − ​(4 × 1)​ = 178​, therefore 178 cm is  
1 standard deviation below the mean.

	​ 182 + ​(4 × 1)​ = 186​, therefore 186 cm is  
1 standard deviation above the mean.

Step 2:	 Determine the percentage of data in the 
defined boundary.

	 The interval is within 1 standard deviation either side 
of the mean.

−3 −2 −1 0 1 2 3s𝑥𝑥

16%16%

182178 186

68%68%

Answer
68%

Continues →
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b.	 How many players, to the nearest whole number, are taller than 186 cm?

Explanation

Step 1:	 Determine the number of standard deviations the 
value is from the mean.

	 186 cm is 1 standard deviation above the mean.

Step 2:	 Determine the percentage of data in the 
defined boundary.

	 The interval ‘taller than 186 cm’ translates to a 
boundary of everything greater than 1 standard 
deviation above the mean.

	 This is equivalent to 16% of players.

−3 −2 −1 0 1 2 3s𝑥𝑥

16%16%

182 186

68%68%

Step 3:	 Calculate the number of players.

	 There are 22 players in the data set, so find 16% of 22.

	​​   16 _ 100 ​ × 22 = 3.52​

		​  ≈ 4​

Answer
4 players

1G Questions
Describing the shape of data distributions

1.	 Describe the shape of the following distributions.

a.	  b.	  

A.	 Negatively skewed 
B.	 Perfectly symmetric
C.	 Approximately symmetric
D.	 Positively skewed

A.	 Bimodal 
B.	 Perfectly symmetric
C.	 Approximately symmetric
D.	 Positively skewed
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c.	  d.	  

A.	 Negatively skewed 
B.	 Perfectly symmetric
C.	 Approximately symmetric
D.	 Positively skewed

A.	 Negatively skewed 
B.	 Perfectly symmetric
C.	 Bimodal 
D.	 Positively skewed

2.	 The height of 14 basketball players is represented by the stem plot.

Key: 16 | 2 = 162 cm

16 2

16 8

17 1 3

17 5 7 9

18 2 2 3

18 5 6 6 8 9

19 1 1 3 4

19 5 6 6 7 7 7 8

20 2

Describe the shape of this data.

3.	 Explain how a distribution’s shape can be described as positively skewed, even if all of its data points 
are negative.

Comparing data distributions 

4.	 Identify the distribution with a centre between 10 and 11 and a spread of approximately 11.

A.	  

4 5 6 7 8 9 10 11 12 1513 14

B.	  

2 3 4 5 6 7 8 9 10 11

C.	  D.	  

2 3 4 5 6 7 8 9 10 11 12 13 14

Key: 3 | 1 = 31

0 0 2 5

1 1 2 5 8 9 9

2 0 0 6 8 2

3 2 3 9

4 0

5 1

6 5

Key: 1 | 2 = 12

0 2 4 5 5

1 0 1 1 4 6

1 7 8 8 9 9 9

2 0 0 1
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5.	 Compare the centre of the following pair of histograms.

0 105 15 20

1 2

0 105 15 20

6.	 Compare the spread of the following pair of histograms.

0 105 15 20

1 2

0 105 15 20

7.	 Do the following pairs of distributions differ in centre or spread, both or neither?

a.	  

0 105 15 20

1 2

0 105 15 20

b.	  

0 105 15 20

1 2

0 105 15 20

c.	  1 Key: 17 | 8 = 178 2 Key: 30 | 8 = 308

17 8 30 8

18 3 6 9 31 3 6 9

19 32

20 6 33 6

21 4 4 5 9 34 4 4 5 9

22 1 8 35 1 8

23 1 4 6 7 8 9 36 1 4 6 7 8 9

24 0 6 9 37 0 6 9

25 2 7 38 2 7
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Interpreting the normal distribution

8.	 In a normally distributed set of data, what percentage of data is expected to lie between 1 standard 
deviation either side of the mean?

A. 34% B. 68% C. 84% D. 95%

9.	 A group of 50 university students were surveyed about how long they study for each week.  
The resulting data is normally distributed with a mean of 150 minutes and a standard deviation  
of 25 minutes.

a.	 What percentage of the students are expected to study between 125 and 150 minutes per week?

b.	 Which of the following boundaries is expected to contain 17 students?
A.	 100 to 125 minutes
B.	 125 to 175 minutes 
C.	 150 to 175 minutes 
D.	 175 to 200 minutes 

c.	 How many students are expected to study between 100 and 150 minutes per week? Round to the 
nearest whole number.

d.	 How many more students are expected to study 125 minutes or less compared to students who 
study 200 minutes or more? Round to the nearest whole number.

Joining it all together

10.	 Compare the following pairs of distributions by referencing their shape, centre and spread.

a.	  

0 105 15 20

1 2

0 105 15 20

b.	  2

0 4020 80 10060

1 Key: 1 | 9 = 19

1 9

2 2 3 4 4

2 5 6 6 7 8 8 9

3 0 1 2 2 3 4 4 4

3 5 5 6 6 6 7 7 8 9 9

4 0 0 0 1 1 3 4

4 5 5 6 8 9

5 0 3 3

5 6
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c.	  

0 105 15 20

1 2

0 105 15 20

d.	  2

0 4020 80 10060

11.	 Fill out the following table referencing distributions I–VI. Note that distributions may be used more 
than once.

description distribution

largest spread

largest centre

skewed (positively or negatively)

symmetric (perfectly or approximately)

I.

0 105 2015

II.

III.

0 105 2015

IV.

1 Key: 2 | 4 = 24

2 4

2 5 6 7 9

3 0 0 1 1 2 3 3 3 4 4

3 6 6 6 7 8 8 9 9

4 0 1 1 2 2 3 4

4 6 7 7 8 9 9

5 1 2 2 3 4

5 5 6 8

6 0 4

6 6

Key: 5 | 1 = 51

5 1

6 2 6 9

7 4 5 7 8

8 3 7

9 0

Key: 8 | 3 = 83

8 3

8

9 1

9 6 8

10 0 4

10 6 7 8

11 1 2 2 3 4

11 5 7
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V.

0 105 2015

VI.

100 120110 150130 140

Exam practice

12.	 The time taken to ​travel​ between two towns is approximately normally distributed with a mean of  
16 minutes and a standard deviation of 4 minutes.
The percentage of ​travel​ times that are between 8 minutes and 20 minutes is closest to

A. 2.5% B. 34% C. 68%
D. 81.5% E. 95%
Adapted from VCAA 2019 Exam 1 Data analysis Q6

13.	 In a large sample of second hand cars, the average number of kilometres on the odometer is 
approximately normally distributed with a mean of 210 000 km and a standard deviation  
of 15 000 km.
Using the 68–95–99.7% rule, determine the percentage of cars expected to have an  
odometer reading greater than 195 000 kilometres. (1 MARK)

Adapted from VCAA 2017 Exam 2 Data analysis Q1bi

14.	 A sample of 250 bonobos has been drawn at random from a population of bonobos whose ​neck size​ is 
normally distributed with a mean of 38 cm and a standard deviation of 2.3 cm.
How many of these 250 bonobos are expected to have a ​neck size​ that is more than three  
standard deviations above or below the mean? Round to the nearest whole number.  
(1 MARK)

Adapted from VCAA 2020 Exam 2 Data analysis Q2bi

Questions from multiple lessons

Data analysis

15.	 The weights of 22 cavoodles are shown in the following stem plot.

Key: 10 | 5 = 10.5 kg

 weight

10 5 8 9

11 0 2 2 3

11 6 6 7 9 9

12 0 1 1 1 3 4

12 5 8 8

13 2

The modal weight is
A. 11.0 kg B. 11.6 kg C. 11.9 kg D. 12.1 kg E. 12.8 kg
Adapted from VCAA 2016 Exam 1 Data analysis Q3

79% of students  
answered this type of 
question correctly.

69% of students 
answered this type of 
question correctly.

40% of students 
answered this type of 
question correctly.
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Data analysis

16.	 The ​time​, in minutes, taken for students to get from school to the local fish and chips shop was 
recorded and is displayed in the following boxplot. 

0 105 3515 20 25
time (mins)

30

The five-number summary for the ​time​ taken to get to the fish and chips shop is 
A.	 2, 11, 14.5, 18, 22.5
B.	 2, 12, 14.5, 18, 32.5
C.	 3, 11, 14.5, 18, 22.5
D.	 3, 12, 14.5, 18, 22.5
E.	 3, 12, 15, 18, 22.5
Adapted from VCAA 2017 Exam 1 Data analysis Q2

Data analysis

17.	 Kevin wants to get feedback on the dinner he made for a group of 16 friends. He asked them all to 
specify whether they found the meal rancid, unpalatable, mediocre, appetising or divine. 
Their responses are recorded as shown.
unpalatable mediocre unpalatable divine rancid rancid mediocre appetising
divine mediocre mediocre mediocre divine appetising divine divine
Use the data to:
a.	 Complete the following frequency table. (1 MARK)

rating frequency

appetising

divine 

mediocre 

rancid

unpalatable 

total

b.	 Determine the percentage of Kevin’s friends who rated Kevin’s dinner as ‘mediocre’. (1 MARK)

Adapted from VCAA 2008 Exam 2 Data analysis Q1
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Comparing data distributions1H
STUDY DESIGN DOT POINT

	• use of back-to-back stem plots or parallel boxplots, as appropriate, to compare the distributions 
of a single numerical variable across two or more groups in terms of centre (median) and spread 
(IQR and range), and the interpretation of any differences observed in the context of the data

1A 1B 1C 1E1D 1F 1H1G

KEY TERMS

	• Back-to-back stem plot
	• Parallel boxplots

KEY SKILLS

During this lesson, you will be:

	• comparing distributions using a back-to-back stem plot
	• comparing distributions using parallel boxplots
	• interpreting differences between distributions.

Visual displays such as back-to-back stem plots and parallel boxplots show the distribution 
of a numerical variable for two or more categories. These data displays can be compared in 
terms of centre and spread in order to identify differences between the distributions.

Comparing distributions using a back-to-back 
stem plot
A back-to-back stem plot is a visual representation that displays numerical data for two 
categories. The data for both categories share a stem, with the leaves for one category 
connecting to the left and the leaves for the other category connecting to the right.

8
3  6  9
2  5  8  8

5  7 
3  7  8  8  9
0  4  8  9

Leaves are still ordered
numerically, with the 
smallest number
nearest to the stem

7  6  5  2
9  7  7  6  4  1

9  7  4  3  0
8  5

6
4

3
4
5
6
7
8
9

Key: 3 | 8 = 38

Back-to-back stem plots are used to compare the distributions of two categories. Specifically, 
the centre and spread can be compared.

To compare the centre of each category, the median is used. When comparing median values, 
the words ‘higher’ or ‘lower’ are used.

To compare the spread of each category, the interquartile range (IQR) and range are used. 
However, when the data contains outliers the range will not necessarily give an accurate 
representation of the data, so only the IQR is used. When comparing the IQR and range, 
the words ‘larger’ or ‘smaller’ are used.
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Worked example 1

There are two General Maths classes, A and B. The ​exam mark​ (%) of each student within the two classes 
was recorded.
Class A: 42 80 62 63 55 57 46 41 56 46 61 75 77
Class B: 76 81 59 99 60 80 97 44 99 98 80 95 78

a.	 Construct a back-to-back stem plot to display the ​exam mark​ (%) of each student within each class.

Explanation

Step 1:	 Consider the most appropriate scale.

	 The data for both classes ranges from 41 to 99.

	 An appropriate scale will have the ‘tens’ values as 
the stem and the ‘ones’ values as the leaves.

Step 2:	 Construct a stem by listing all the different 
‘tens’ values.

4

5

6

7

8

9

Step 3:	 List the ‘ones’ values of class A scores to the left 
of the stem.

	 Order the leaves numerically from right to left.

6 6 2 1 4

7 6 5 5

3 2 1 6

7 5 7

0 8

9

Step 4:	 List the ‘ones’ values of class B scores to the right 
of the stem.

	 Order the leaves numerically from left to right.

6 6 2 1 4 4

7 6 5 5 9

3 2 1 6 0

7 5 7 6 8

0 8 0 0 1

9 5 7 8 9 9

Step 5:	 Label each side of the back-to-back stem plot and 
construct a key.

Answer
Key: 2 | 7 = 27%

class A class B

6 6 2 1 4 4

7 6 5 5 9

3 2 1 6 0

7 5 7 6 8

0 8 0 0 1

9 5 7 8 9 9

Continues →
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b.	 Compare the median ​exam mark​ of class A and B.

Explanation

Step 1:	 Determine the median for class A.

	 There are 13 values for class A.

	​​ ​(​​ ​ n + 1 ________ 2  ​​)​​ = ​ 13 + 1 _________ 2  ​ = 7​​

	 The median is the 7th value: 57.

Step 2:	 Determine the median for class B.

	 There are 13 values for class B.

	​​ ​(​​ ​ n + 1 ________ 2  ​​)​​ = ​ 13 + 1 _________ 2  ​ = 7​​

	 The median is the 7th value: 80.

Step 3:	 Compare the median value of the two classes.

Answer
The median for class A is 57% and the median for class B is 80%. Class B has a higher median ​exam mark​ 
than class A.

c.	 Compare the ​exam mark​ interquartile range (IQR) for class A and B.

Explanation

Step 1:	 Determine the first and third quartiles for class A 
and calculate the IQR.

​​Q​ 1​​ = 46​

​​Q​ 3​​ = 69​

​IQR = ​Q​ 3​​ − ​Q​ 1​​​

​= 69 − 46​

​= 23​

Step 2:	 Determine the first and third quartiles for class B and 
calculate the IQR.

​​Q​ 1​​ = 68​

​​Q​ 3​​ = 97.5​

​IQR = ​Q​ 3​​ − ​Q​ 1​​​

​= 97.5 − 68​

​= 29.5​

Step 3:	 Compare the IQR of the two classes.

Answer
The IQR for class A is 23% and the IQR for class B is 29.5%. Class B has a larger exam mark IQR 
than class A.

d.	 Compare the ​exam mark​ range for class A and B.

Explanation

Step 1:	 Calculate the range for class A.

	​ range = maximum − minimum​

	​ = 80 − 41​

	​ = 39​

Step 2:	 Calculate the range for class B.

	​ range = maximum − minimum​

	​ = 99 − 44​

	​ = 55​

Step 3:	 Compare the range of the two classes.

Answer
The range for class A is 39% and the range for class B is 55%. Class B has a larger ​exam mark​ range 
than class A.

Comparing distributions using parallel boxplots
Parallel boxplots are a sequence of boxplots that display numerical data for two or more 
categories. Each of the boxplots share the same axis, allowing the distributions of the categories 
to be compared directly.
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Worked example 2

The ​maximum daily temperature​, in degrees Celsius, for each day in May last year was recorded in Melbourne 
and Sydney.
The five-number summary for each city is:
Melbourne: 14.0, 17.0, 18.0, 19.0, 21.8
Sydney: 16.0, 19.0, 20.0, 22.5, 24.0

a.	 Construct parallel boxplots to display the ​maximum daily temperature​ (°C) of Melbourne and Sydney.

Explanation

Step 1:	 Consider the most appropriate scale.

	 The data for both cities ranges from 14 to 24.

	 An appropriate scale could range from 12 to 26 
with tick marks for each whole number.

Step 2:	 Construct the parallel boxplots.

	 Create one axis and use the five-number summary to 
construct a boxplot for each city, one above the other.

	 Remember to label each boxplot.

Answer

13 14 16 2015 18 22 23 24 2612

Melbourne

Sydney

17 19 21 25
maximum daily temperature (°C)

b.	 Compare the median ​maximum daily temperature​ of Melbourne and Sydney.

Explanation

Step 1:	 Identify the median for both Melbourne 
and Sydney.

13 14 16 2015 18 22 23 24 2612

Melbourne

Sydney

17 19 21 25
maximum daily temperature (°C)

	 The median for Melbourne is 18 °C.

	 The median for Sydney is 20 °C.

Step 2:	 Compare the median value of the two cities.

Continues →

Parallel boxplots can be used to compare data in the same way as back-to-back stem plots.  
The centre can be compared using the medians, and the spread can be compared using the  
IQR and range.

Unlike back-to-back stem plots, there is no restriction on the number of categories that can  
be displayed.

1 2 4 63 5 7 8 9 100

boxplot 2

range 2

outlier

median 1

boxplot 1
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Answer
The median for Melbourne is 18 °C and the median for Sydney is 20 °C. Sydney has a higher median ​
maximum daily temperature​ than Melbourne.

c.	 Compare the interquartile range (IQR) of ​maximum daily temperature​ for Melbourne and Sydney.

Explanation

Step 1:	 Identify ​​Q​ 1​​​ and ​​Q​ 3​​​ from the Melbourne boxplot 
and calculate the IQR.

​​Q​ 1​​ = 17​

​​Q​ 3​​ = 19​

​IQR = ​Q​ 3​​ − ​Q​ 1​​​

​= 19 − 17​

​= 2​

Step 2:	 Identify ​​Q​ 1​​​ and ​​Q​ 3​​​ from the Sydney boxplot and 
calculate the IQR.

​​Q​ 1​​ = 19​

​​Q​ 3​​ = 22.5​

​IQR = ​Q​ 3​​ − ​Q​ 1​​​

​= 22.5 − 19​

​= 3.5​

Step 3:	 Compare the IQR for the two cities.

Answer
The IQR for Melbourne is 2 °C and the IQR for Sydney is 3.5 °C. Sydney has a larger IQR of ​maximum daily 
temperature​ than Melbourne.

d.	 Compare the range of ​maximum daily temperature​ for Melbourne and Sydney.

Explanation

Step 1:	 Calculate the range for Melbourne.

	​ range = maximum − minimum​

​= 21.8 − 14​

​= 7.8​

Step 2:	 Calculate the range for Sydney.

	​ range = maximum − minimum​

	​ = 24 − 16​

	​ = 8​

Step 3:	 Compare the range for the two cities.

Answer
The range for Melbourne is 7.8 °C and the range for Sydney is 8 °C. Sydney has a larger range of ​maximum 
daily temperature​ than Melbourne.

Interpreting differences between distributions
To interpret the data in a back-to-back stem plot or a parallel boxplot, examine the visual 
displays for any differences that can be commented on.

The interpretation of any differences needs to be made in the context of the data. The type of 
data indicates what type of comparison will be made. Data on prices should be compared in 
terms of which category is cheaper or more expensive. Data on heights should be interpreted  
in terms of which category is shorter or taller.

The median can be compared and interpreted to determine which category is higher or lower.  
In addition to this, the IQR and range can be compared to determine which category has a  
larger spread. The data set with a larger spread is considered to be ‘more variable’.
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Worked example 3

Interpret the data.

a.	 Each ​exam mark​ (%) of students within two classes, A and B, is displayed in the following back-to-back 
stem plot.

Key: 2 | 7 = 27%

class A class B

6 6 2 1 4 4

7 6 5 5 9

3 2 1 6 0

7 5 7 6 8

0 8 0 0 1

9 5 7 8 9 9

Explanation

Step 1:	 Interpret any difference between the centres.

	 The median is used to compare the centre.

	 Class B has a higher median than class A.

	 In general, class B has higher exam marks 
than class A.

Step 2:	 Interpret any difference between the spreads.

	 The IQR and range are used to compare the spread.

	 Class B has a larger IQR and range than class A.

	 Class B has a larger spread than class A, so its exam 
marks are more variable.

Answer
In general, class B has higher exam marks than class A. Class B exam marks are more variable 
than class A.

b.	 The ​maximum daily temperature​ (°C) for each day in May last year, in 
Melbourne and Sydney, is displayed in the following parallel boxplots.

Explanation

Step 1:	 Interpret any difference between the centres.

	 The median is used to compare the centre.

	 Sydney had a higher median than Melbourne.

	 In general, Sydney had higher maximum daily 
temperatures than Melbourne.

Step 2:	 Interpret any difference between the spreads.

	 The IQR and range are used to compare the spread.

	 Sydney had a larger IQR and range than Melbourne.

	 Sydney had a larger spread than Melbourne, so its 
maximum daily temperatures were more variable.

Answer
In general Sydney had higher maximum daily temperatures in May last year compared to Melbourne. 
Sydney’s maximum daily temperatures were more variable than Melbourne’s.

13 14 16 2015 18 22 23 24 2612

Melbourne

Sydney

17 19 21 25
maximum daily temperature (°C)
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1H Questions
Comparing distributions using a back-to-back stem plot

1.	 The ​sales​ figures, over one day, for employees at two small companies are recorded in the following 
back-to-back stem plot.

Key: 4 | 5 = $4500

company A company B

5 0 5 7 8

2 1 2 7 8 9

9 1 2 2 5 5 6

9 5 5 3 1

6 6 5 3 1 1 4

5 8

Which of the following statements is true?
A.	 The median ​sales​ figure of company A is 39.
B.	 Company B has a higher median ​sales​ figure than company A.
C.	 Company A has a larger range of ​sales​ figures than company B.
D.	 Company B has a higher maximum ​sales​ figure than company A.

2.	 A number of men and women were asked how many ​litres of milk​ they normally drink in a year. 
The results are shown in the following back-to-back stem plot.

Key: 1 | 5 = 15 litres

women men

9 9 6 4 1 0 1 4

8 7 4 3 2 1 1 6

2 2 2 8

3 9

4 2 2 4 5 6 7

1 5 1 2 5 6

a.	 What is the minimum value for women?

b.	 What is the maximum value for men?

c.	 Which group has the higher median?

d.	 Which group has a smaller range?

e.	 Which group has a larger IQR?
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3.	 Fernando and Lucas are having a competition to see who can score the most points in one season  
of basketball. The back-to-back stem plot displays the ​number of points ​that each player scored in 
each game of the season.

Key: 3 | 2 = 32 points

Fernando Lucas

4 2 0 2 2

9 0 6 8 9

1 2 2

8 8 7 1 6

4 4 2

6 2 8

Compare the values of the following statistics for ​number of points​ for Fernando and Lucas.
a.	 Median

b.	 Range

c.	 IQR

4.	 The following data shows the ​age​ of people from the UK and the USA on a bus tour around Japan.
UK:	 29 28 31 18 27 17 22 24 26 23 28 19 25 22 26
USA:	 18 21 19 18 22 20 24 18 23 34 24 21 25 19 21

a.	 Construct a back-to-back stem plot from the data.

b.	 Compare the centre of the data for the UK and USA.

c.	 Compare the range of the data for the UK and USA.

Comparing distributions using parallel boxplots

5.	 The ​final score​ of two netball teams in every match of a twenty 
game season is recorded in the parallel boxplots.
Which of the following statements is not true?
A.	 The median for the Royal Rebels is 41.
B.	 At least 75% of the Prancing Pirates’ scores lie below the Royal 

Rebels’ median.
C.	 The Royal Rebels scored more than 47 in 25% of their games.
D.	 50% of the Prancing Pirates’ scores were 37 or less.

6.	 The parallel boxplots show the ​gouda cheese price​ ($)  
at two supermarkets, over a period of five years.
a.	 Which supermarket has the higher median  

​gouda cheese price​?

b.	 Which supermarket has the larger spread of  
​gouda cheese price​, as indicated by the IQR?

7.	 Three classes sat the same test on basic multiplication.The ​time taken​,  
in minutes, to sit the test for students in each class is displayed in the 
following parallel boxplots.
a.	 Which class had the highest median ​time taken​?

b.	 Which class had the smallest IQR of ​time taken​?

c.	 Which class had the largest range of ​time taken​?

25 30 4035 5020

Royal Rebels

Prancing Pirates

45
final score

5 10 2015 300

supermarket B

supermarket A

25
gouda cheese price ($)

1 2 43 150

class C

class B

5 6 7 8 9 10 11 12 13 14

class A

time taken (minutes)
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8.	 The number of ​coffees sold​ each day in two cafes, over a period 
of two weeks, is shown.
Compare the values of the following statistics for ​coffees sold​ for 
cafe A and B.
a.	 Median

b.	 Range

c.	 IQR

9.	 A school records how many days students miss school due to illness over the course of a semester. 
The following five-number summaries represent the data for three year levels.
Year 10: 0, 4, 6, 9, 14
Year 11: 1, 4, 5, 6, 9
Year 12: 1, 3, 4, 6, 10
a.	 Construct parallel boxplots using the data provided.

b.	 Compare the centres.

c.	 Compare the spreads.

Interpreting differences between distributions

10.	 The following parallel boxplots display the daily ​running distance​, 
in kilometres, of four friends over a two-week period.
Which of the friends had the most variable running distances over  
the two weeks?
A.	 Phoebe
B.	 Monica
C.	 Joey
D.	 Chandler

11.	 The following parallel boxplots display the ​age​ of residents in a 
retirement village.
Interpret this data by comparing centre and spread.

12.	 The following back-to-back stem plot shows the ​hours studied​ each week by two students during the 
twelve-week semester.

Key: 1 | 4 = 14 hours

student A student B

3 0

9 7 7 5 5 0 6 7

4 2 1 0 0 1 0 0 4 4

1 6 7 8

2 2 4

7 2 8

Interpret this data by comparing centre and spread.

65 70 8075 11060

cafe B

cafe A

85 90 95 100 105
co�ees sold

1 2 43 80

Chandler

Joey

5 6 7

Monica

running distance (km)

Phoebe

75 80 9085 10070

women

men

95
age (years)
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13.	 The following parallel boxplots display the ​price​ ($) of one way economy flight tickets from 
Melbourne to Los Angeles for two different airlines.

800 850 950900 1250 1300750

airline B

airline A

1000 1050 1100 1150 1200
price ($)

a.	 Interpret this data by comparing the centres and spreads.

b.	 Why should the variability be compared by using the IQR?

Joining it all together

14.	 The following back-to-back stem plot displays the ​exam mark​ (%) obtained by students in two 
geography classes.

Key: 3 | 8 = 38%

class A class B

4 5

9 5 3 2 1 5 8

5 4 4 3 1 1 6 1 4 7

7 6 4 1 7 1 1 3 4 7 8

5 1 8 2 2 3 4 7 9

9 9 1

For this data,
a.	 compare the medians.

b.	 compare the ranges.

c.	 compare the interquartile ranges.

d.	 determine which class had the more variable results.

e.	 interpret the difference between the exam mark medians.

15.	 The following data shows the number of ​hours spent studying​ per week for 45 children, across three 
year levels.
Year 10:	 12 6 15 25 2 17 8 21 13 19 26 11 9 3 16
Year 11:	 10 16 22 17 9 18 21 28 32 19 23 13 21 20 15
Year 12:	 25 29 35 21 3 31 28 25 17 28 30 26 34 29 30
a.	 Construct parallel boxplots using the data.

b.	 Using the information from the boxplots, explain why ​year level​ is associated with the number of ​
hours spent studying​ per week. Refer to the centre.

c.	 Using the information from the boxplots, explain why ​year level​ is associated with the variance in 
the number of ​hours spent studying​ per week. Refer to the spread (using IQR).
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Exam practice

16.	 The following parallel boxplots show the ​maximum daily temperature​ and ​minimum daily temperature​, 
in degrees Celsius, for 30 days in November 2017.

8 10 1412 306 16 18 20 22 24 26 28
minimum daily temperature (°C)

8 10 1412 306 16 18 20 22 24 26 28
maximum daily temperature (°C)

Data: Australian Government, Bureau of Meteorology, <www.bom.gov.au/>

Use the information in the boxplots to complete the following sentence.
For November 2017, the median value for ​maximum daily temperature​ was _ °C  
higher than the median value for ​minimum daily temperature​. (1 MARK)

VCAA 2019 Exam 2 Data analysis Q2aii

17.	 The following boxplots show the distribution of the ​height​ of babies born in two different countries, 
country A and country B.

country A

country B

height

Based on the boxplots shown, it can be said that
A.	 50% of the babies born in country A are the same height as the babies born in country B.
B.	 50% of the babies born in country B are taller than all of the babies born in country A.
C.	 50% of the babies born in country B are shorter than all of the babies born in country A.
D.	 75% of the babies born in country A are shorter than all of the babies born in country B.
E.	 75% of the babies born in country B are taller than all of the babies born in country A.
Adapted from VCAA 2021 Exam 1 Data analysis Q4

87% of students answered 
this question correctly.

60% of students 
answered this type of 
question correctly.

1H
 Q

U
ES

TI
O

N
S

	  1H Comparing data distributionsChapter 1: Investigating and comparing data distributions 	 79This document is intended for ANNA TREEBY at Irymple Secondary College (user ID: 1686522).
Unauthorised circulation in any form is not permitted.



Questions from multiple lessons

Data analysis

18.	 The following histogram shows the distribution of the height of 
Australian Olympians at the 2012 Olympics.
Using this histogram, the percentage of these 399 Australian 
Olympians that are 190 cm or taller is closest to
A.	 17%
B.	 19%
C.	 76%
D.	 81%
E.	 83%
Adapted from VCAA 2016 Exam 1 Data analysis Q6

Recursion and financial modelling Year 10 content

19.	 Kourtney goes to her favourite Japanese restaurant, Nobu, and orders a meal for $56. Kourtney then 
tips her waiter $5. The $5 tip as a percentage of the price of the meal is closest to
A.	 0.09%
B.	 0.89%
C.	 1.12%
D.	 8.93%
E.	 11.20%
Adapted from VCAA 2014 Exam 1 Business-related mathematics Q2

Data analysis

20.	 The boxplot displays the number of ​ice cream cones sold​ each hour for a new flavour of ice cream, 
black sesame.

25 30 4035 55 605020 45
ice cream cones sold

a.	 Describe the shape of the distribution of the number of ​ice cream cones sold​ 
(including any outliers). (1 MARK)

b.	 Determine the value of the lower fence. (1 MARK)

Adapted from VCAA 2016 Exam 2 Data analysis Q2b
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