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STATISTICS AND PROBABILITY

TOPIC 14
Statistics

14.1 Overview
Numerous videos and interactivities 

are embedded just where you need 

them, at the point of learning, in your 

learnON title at www.jacplus.com.au. 

They will help you to learn the con-

cepts covered in this topic.

14.1.1 Why learn this?
Data gathered from observation and 

experimentation can be interpreted 

and analysed using statistics. Statistics 

allow us to understand real-world 

issues such as the popularity of politi-

cians, the effectiveness of drugs and 

the reliability of weather predictions.

14.1.2 What do you know?
1. THINK List the types of data you know are collected by the Australian Bureau of Statistics (ABS) 

every 5 years. Use a thinking tool such as a concept map to show your list.

2. PAIR Share what you know with a partner and then with a small group.

3. SHARE As a class, create a thinking tool such as large concept map to show your class’s knowledge of 

the types of data collected by the ABS every 5 years.

Watch this eLesson: The story of mathematics: The world’s mega cities

Searchlight ID: eles-1701
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14.2 Sampling

14.2.1 Introduction
 • Statistics is the collection and analysis of data in order to respond to a question. Data have to be 

 collected, recorded, organised, presented and analysed in a manner appropriate to the question.

 • The process involves many stages as shown in the flow chart below.

TYPE of data

TYPE of survey

UNIVARIATE ANALYSIS

A puzzling question

COLLECT &

ORGANISE DATA

- frequency tables

- stem plots

- dot plots

DISPLAY CATEGORICAL

DATA

- bar charts

- pie charts

- pictograms

- mode

SUMMARY MEASURE

DISPLAY NUMERICAL

DATA

- histograms

- dot plots

- line plots

- box plots

SYMMETRIC DISTRIBUTION

central tendency

MEAN

spread

STANDARD DEVIATION

SKEWED DISTRIBUTIONS

central tendency

MEDIAN

spread

INTERQUARTILE RANGE

SUMMARY

MEASURE

Answer the puzzling question

MAKE CONCLUSION
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14.2.2 Types of data
 • When performing statistical analyses, the type of data being collected is important.

 • The different types of data determine the choice of displays, tables and evaluations that are best used.

 • The types of data can be classified as follows.

Categorical data   Numerical data

Data recorded are non-numerical and use 

labels or categories. For example, hair colour 

or year level.

  Data are recorded in numerical form. For 

example, values can be the number of family 

members or the heights of students in Year 9.

Nominal Ordinal   Discrete Continuous

Categories that are 

named for each of the 

possible responses, 

such as types of pets: 

cat, dog, bird, fish, 

and others.

Categories that are 

named with some 

notion of order, such 

as quality of work: 

excellent, good, 

satisfactory, not 

satisfactory, poor.

  Numerical values that 

can only be expressed 

in integer form or 

whole numbers, such 

as counting the 

number of stamps in a 

stamp collection, or 

counting the number 

of goals kicked each 

game by a full 

forward.

Numerical values that 

can be expressed as 

fractions, decimals, as 

well as rounded off 

integer values, such 

as the measured 

heights of basketball 

players, or the change 

in temperature during 

the day.

Examples of some types of statistical tools that can be used for each type of data include:

frequency tables, bar 

charts, pie charts, 

percentages, and 

mode

frequency tables, bar 

charts, pie charts, 

percentages, and 

mode

  frequency tables, 

histograms, box plots, 

mean, median, and 

range

frequency tables 

(grouped), histograms 

(grouped), box plots, 

mean, median, range

WORKED EXAMPLE 1

Classify each of the following data as categorical data or numerical data.
a Favourite sport watched on TV
b Quantity of books carried in a school bag by 20 Year 9 students
c Cars passing your home each hour of a day
d Eye colour of 100 pre-school children

THINK WRITE

Decide how the data would 

initially be recorded, as either 

numbers or labels.

a Favourite sport watched on TV Possible data could include 

football, netball, soccer or tennis. These are labels, so they 

are categorical data.

  b Quantity of books carried in a school bag by 20 Year 

9  students

The recorded data would be gathered by  counting the 

 number of books in a school bag. This is  numerical data.
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WORKED EXAMPLE 2

Classify each of the following data into the correct groups, stating if it is categorical and nominal 
or ordinal, or numerical and discrete or continuous.
a Incomes of the senior Geelong football players
b Type of transport used to go to work
c Attendance at a zoo each day
d Hair colour of 100 Year 9 students
e Mass of an individual Easter egg being manufactured
f A student’s behavioural report

THINK WRITE

1 For each, determine whether 

the data collected is a 

 numerical value or a  

category.

a Incomes of the senior Geelong football players

As there is a wide range of incomes and not accurately stated, 

they will be grouped in categories such as $50  000–<$100  000, 

$100 000–<$150 000, and so on. As these are labels and have 

order it is more appropriate to classify the data as categorical 

ordinal data.

2 If numerical data, decide if 

it is collected by counting 

(numerical discrete data) or 

collected by measuring 

(numerical continuous data).

b Type of transport used to go to work

A worker’s transport mode could include car, bus or train. As 

these are labels with no logical order it is classified as categori-

cal nominal data.

c Attendance at a zoo each day

You would count the number of zoo patrons and record them as 

whole numbers (integer); therefore, it is classified as numerical 

discrete data.

3 If categorical, decide the 

types of labels possible, and 

if the labels can be ranked in 

a logical order (categorical 

ordinal data) or if they 

 cannot be logically ranked 

 (categorical nominal data).

d Hair colour of 100 Year 9 students.

The students’ hair colour would include blonde, brunette, 

redhead and so on. These are labels with no logical order so it 

is categorical nominal data.

e Mass of an individual Easter egg being manufactured.

You would measure the mass of each egg on a scale. The 

mass of each egg can then be recorded as a whole number 

(i.e. 55 grams), or more accurately as a decimal number 

(i.e. 55.23). Therefore, the data is numerical continuous data.

f A student’s behavioural report

The student’s behaviour could be stated as: excellent, good, 

satisfactory or improvement needed. These are labels that do 

have a logical order; therefore, they are categorical ordinal data.

  c Cars passing your home each hour of a day

The recorded data would be the number of cars. This is 

numerical data.

  d Eye colour of 100 pre-school children

The records kept would be blue, brown, green or hazel. 

These are labels and so it is categorical data.

UNCORRECTE
D P

AGE P
ROOFS



TOPIC 14 Statistics 541

14.2.3 Collecting data

Size of data sets

 • The size of the data collected can be a population or a sample.

 • In statistics population refers to every element or identity that relates to the investigation. A population 

can be as small as 10 or as large as 6 billion. It depends on what the outcome relates to. For instance, 

to find the average age of Year 9 students for your school, the population contains only Year 9 students 
from your school. If the average age of Year 9 students in Australia was needed, then the population 

includes all Year 9 students in Australia.

 • A sample is a representative portion of the population. For example, a sample of 20 Year 9 students 

could be taken to represent all Year 9 students at your school.

 • A single piece of data is often referred to as a score or a value.

Types of data collection

 • There are three basic ways to collect data:

1. Survey — data collected from a portion of the population or sample. This type of data collection 

is most commonly used in market research. It is important that surveys are correctly conducted as 

the conclusions drawn from the data should represent those of the population from which they 

were drawn.

2. Census — data collected from an entire population. The most common is the one conducted by 

the Australian Bureau of Statistics. Every five years the entire nation takes part in a census.

3. Experimental — data collected by measuring or counting or assigning labels.
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Question design

 • It is important to keep in mind that the questions in a survey or census need to be clear and  unambiguous.

 • Questions should be unbiased, not too personal, and able to be answered by most respondents.

 • The design of the questionnaire should enable the collected data to be analysed easily.

Data collection methods

 • It is important to consider the methods used to collect data, as they can bias the results of the analysis, 

leading to incorrect conclusions.

 • The sample for the data set can be collected by either a random or a stratified technique.

– Random selection ensures all elements of a population have an equal chance of being selected.

–  Stratified selection ensures that groups within a population have a similar representation in a  sample.

WORKED EXAMPLE 3

For the following data collection activities, define whether the amount of data collected is a 
sample or population and what type of data collection was used: census, survey or experimental; 
and random, stratified or biased.
a Sixty Year 7 students collected data on the amount they contributed to a charity, then used this 

data to find the average donation from Bolan College’s 1523 students.
b A data set of the force, measured in newtons, needed to break wooden ice block sticks.
c The average age of the members of your own family.

THINK WRITE

Know the key terminology used by 

statisticians. Decide if it is a:

 • sample or population

 • census, survey or experimental

 • random, stratified or biased.

a It is a sample because only 60 of the Bolan College’s 

1523 students were surveyed. The data are biased as 

only Year 7 students were surveyed.

b It is a sample as there is an unknown number of wooden 

ice block sticks. It is impossible to collect data on the 

entire population. The data are experimental as the 

sticks are randomly supplied or collected.

c Survey of all members of a family about the family is 

a population.

WORKED EXAMPLE 4

A health club is planning to conduct a survey to 
research the needs of its members. Fifty members 
of the club will be asked to participate in the 
survey. The club has 120 male adult, 90 male 
adolescent, 60 female adult and 30 female 
 adolescent members. Determine the number of 
members required from each group to perform 
a stratified sample survey that is an accurate 
approximation of the needs of the whole 
 population.
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Random number generators 

 • Random numbers can be obtained from number generators built into most calculators and computers.

 • Computer programs and the scientific calculator function RAND randomly select a number from 0 to 

less than 1. This value multiplied by the size of the sample (plus 1 to avoid choosing the value zero) 

will ensure any sample size selected is unbiased.

Below is an example of randomly selecting a whole number (integer) from 1 to 15.

Button Possible outcome Example 1 Example 2 Example 3

RAND 0.000 to 0.999 0.456 0.056 0.932

×15 (multiply) 0.000 to 14.985 6.84 0.84 13.98

+1 1.000 to 15.985 7.84 1.84 14.98

INT 1  to 15 7 1 14

(ignore decimal part)        

 • Graphics calculators can also be used to generate random numbers.

THINK WRITE

1 Determine what fraction of the 

population is to be used in the 

sample.

Total population is 120 + 90 + 60 + 30 = 300 members.

Fraction of members surveyed = 50

300
= 1

6

2 Use this fraction to calculate the 

number to be surveyed from each 

group within the population.

Number of male adults =  
1

6
× 120

1
= 20

Number of male adolescents =  
1

6
× 90

1
= 15

Number of female adults =  
1

6
× 60

1
= 10

Number of female adolescents =  
1

6
× 30

1
= 5

3 Summarise the sampling strata. 50 members surveyed will be:

20 male adults

15 male adolescents

10 female adults

5 female adolescents.

WORKED EXAMPLE 5 TI | CASIO

Use an appropriate random number generator to select a sample for the following surveys.
a Randomly select 35 days from a year’s worth of maximum temperature.
b Randomly select 15 months from January 2006 to December 2010.

THINK WRITE/DISPLAY

a Using a graphics calculator a Julian date system

  1 Use the Julian date, which associates each day 

with the numbers 1 to 365.
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  2 Use the random number generator function as 

follows: randInt (first number, last number, 

 sample size). Complete the entry line as:  

randInt(1,365,35).

Then press ENTER.

Note: Make the sample size slightly bigger than 

needed in case numbers double-up.

 

 

  3 Scroll to the right to view all 35 random numbers 

that are in the range 1 to 365.

 

  4 Use the Julian calendar to convert the number to a 

calendar date.

  Day 332 is 28 November.

Day 54 is 23 February.

Day 188 is 7 July.

b Using a scientific calculator
Use the random number button to generate a number 

from 0 to less than 1, then multiply the generated 

number by 60. Finally add 1 to the generated number 

(only use the integers, ignore the decimals).

Random number = integer(random number × 60 + 1)

b Label the months numerically as:

  1. January 2006

  2. February 2006

     …

60. December 2010.

  Repeat until 15 months have been selected.   29.632 becomes the 29th month — 

May 2008.

13.775 becomes the 13th month — 

 January 2007.

(Repeat this 15 times ignoring any 

 doubling up of months.)

14.2.4 Generating random numbers using an Excel spreadsheet
 • The command RANDBETWEEN in an Excel spreadsheet generates 

a  random number within the values that you specify.

 • If your spreadsheet does not have this function, press the Office Button 

and choose Excel options. Choose Add-Ins from the menu on the 

right, click on Analysis Toolpak, and press Go at the bottom of the page. 

Tick  Analysis ToolPak, and press OK.

1. In order to enter 20 random numbers, enter the function  

=RANDBETWEEN(1, 20) into cell A1. A random number in 

the range 1 to 20 will appear in cell A1.

2. Use the Fill Down function to fill this formula down to cell A20. 

You should now have 20 random numbers as shown in the 

screen shot on the right.
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Note that each time you perform an action on this spreadsheet, the random numbers will automatically 

change. In order to switch to manual mode:

– choose the Calculator Options menu
– select Manual
– press F9 to obtain a recalculation of your random numbers.

Try out this interactivity: Random number generator

Searchlight ID: int-0089

 RESOURCES — ONLINE ONLY

Exercise 14.2 Sampling

Individual pathways 

 � PRACTISE
Questions:

1–7, 9, 11, 13, 14, 15–17, 20

 � CONSOLIDATE
Questions:

1–3, 5, 7, 8, 10, 12, 14, 15–18, 

20–21

 � MASTER
Questions:

1–4, 6, 8, 10, 12, 14–22

� � � Individual pathway interactivity: int-4540   ONLINE ONLY

To answer questions online and to receive immediate feedback and sample responses for every question, 

go to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Fluency
1.  WE1  Classify each of the following data according to whether they are numerical or categorical data.

a. Favourite TV programs of each student in your year level

b. Shoe size of the top ten international models

c. Hours of computer games played at home each week by each student in your class

d. Birth weight of each baby in a young mothers’ group

e. The favourite colours for cars sold in Canberra in the last month

2.  WE2  Classify each of the following numerical data according to whether they are discrete or  continuous.

a. Length of a stride of each golfer in a local golf club

b. Distance travelled on one full tank from the top ten most popular vehicles

c. Rainfall recorded for each day during spring

d. Shoe size of each student in your class

e. Membership size of the 16 AFL teams

3. Classify each of the following categorical data as nominal or ordinal.

a. Favourite magazine of each student in your year level

b. Sales ranking of the top ten magazines

c. Age group of the readers of the top ten magazines

d. Gender of 100 randomly chosen readers of each of the top ten magazines

e. Type of magazine of the top ten magazines

4.  WE3  Classify each of the following data collections according to whether they are samples or 

 populations.

a. Favourite TV programs of secondary school students by surveying students in Year 8

b. Size of shoes to be stocked in a department store determined by measuring the feet of the top ten 

international models
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c. Number of hours computer games are played by 

your class at home each week by surveying each 

student in your class

d. Survey of first 40 customers at the opening of a 

new store to gauge customer satisfaction

e. The most popular duco colours for cars sold in the 

last month in Victoria, taken from the registration 

board database of all 2310 cars registered last 

month.

5. For those surveys that involve sampling from question 4, classify the sample as random, stratified  

and/or biased.

6.  WE4  Determine the number of people that need to be surveyed from each of the following groups if 

stratified surveying is to be conducted.

a. Survey of 40 members from a club of 1500 members, with 1200 males members and 300 female 

members

b. Survey of 10% of all clients from a database of 10  000 clients where an appropriate representation of 

the 70% female customers and 30% male customers is maintained

c. Survey of 100 students from a school with a population of 900 students. There are 90 Year 12 students, 

135 Year 11 students, 153 Year 10 students, 180 Year 9 students, and 180 Year 8  students, with the 

remainder of the population being Year 7 students.

d. Survey 8 class members such that there is an unbiased gender representation of the 20 girls 

and 12 boys.

Understanding
7.  WE5  Devise a strategy for randomly selecting samples for the following scenarios.

a. Select 4 AFL clubs from the 18 clubs available to represent the league at an international sporting 

convention.

b. Select 5 students from your class.

c. Select 50 students from your school.

d. Select 65 consecutive days from a non-leap year for analysis of the daily maximum temperatures.

8.  MC  A tennis club has 400 members where 280 members are male. If the club wants to conduct a 

sample survey of 80 members, the number of males needed for an unbiased survey is:

A. 32 B. 24 C. 40 D. 56

9.  MC  Which of the following statements is false?

A. A good sample size is 50 or more.

B. Results from samples give an estimate.

C. Results from a population give an estimate.

D. The use of random numbers or a stratified selection process ensures unbiased results.

10.  MC  If a random number generator is used and the first two numbers are 0.796 and 0.059, the first two 

random numbers, respectively, for a selected sample of size 50 are:

A. 2.95 and 39.8 B. 2 and 39 C. 4 and 41 D. 3 and 40

11. Randomly select 5 days of a non-leap year.

12. Use random number generators for the following unbiased selection processes. For each case show:

i. an association table

ii. the random numbers chosen

iii. how to convert the random numbers to a random choice from a population.

a. An unbiased selection of 6 days from the month of March

b. An unbiased selection of 5 students from your mathematics class

c. An unbiased selection of 30 randomly chosen student lockers numbered from 001 to 860
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Reasoning
13. The following are 2011 statistics for motorcycle and car fatalities in the United States.

Motorcycle fatalities: 4612

Car fatalities: 11  981

Registered motorcycles: 8  437  502

Registered cars: 134  534  655

Vehicle miles travelled motorcycles (millions): 18  500

Vehicle miles travelled cars (millions): 1  495  303

Population of USA: 311  591  917

Source: National Highway Traffic Safety Administration, http://www.nhtsa.gov, 2011.

a. According to the data, which is the safer mode of transport, a motorcycle or car? Explain.

b. What ratios or percentages could be extracted from this data to reinforce your conclusion?

c. If you wanted to advocate riding a motorcycle, which information would you include? Which 

information would you omit?

d. Write a sentence that could convince your readers that a motorcycle is a safer mode of transport.

e. Write a sentence that could convince your readers that a car is a safer mode of transport.

14. A stratified random sample was taken from two high schools, a 200-student high school and a larger 

high school. The sample assessed how many students watched more than four hours of television per 

day. If the small school represented 12.5% of the total students surveyed and a total of 208 students 

were randomly surveyed:

a. Show that 26 students were surveyed in the small school.

b. How many students were surveyed in the large school?

c. How many students were in the large school?

d. Show that 1600 students were in both schools.

15. Explain how data are classified into different groups, giving examples for each group.

16. Identify and justify two sets of information a person might want to collect from each of the following 

sources.

a. A maternity hospital b. An airport c. Shoppers at a supermarket

17. Develop a question to ask about the issue ‘A new Australian flag’. Decide whether a census or survey 

of a sample population should be conducted. Give reasons for your decision.

18. A TV station requires viewers to vote online in ranking 4 couples in a home renovating show. Is this a 

random sample? Is it a biased survey? Explain your reasoning.

19. Explain how a random number generator can obtain seven numbers from the number range 0 to 45.

Problem solving
20. Questions are being written for a survey about students’ views on sports. Which of the following 

questions would you use and why?

a. What do you think about sport?

b. List these sports in order from your most favourite to least favourite: football; tennis; netball; golf.

c. How often do you watch sports on television? Once a week; once a day; once a month; 

once a year; never.

d. Why do you like sports?

e. How many live sporting events do you attend each year?

f. Can you play a sport?

g. Which sports do you watch on the television? Football; tennis; netball; golf; all of these; none of these.

21. Businesses collect and analyse all sorts of data.

a. What sort of data do businesses collect?

b. Who collects the data for the businesses?

c. What is the data used for?
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14.3 Collecting data

14.3.1 Recording and organising data
 • Data need to be recorded and organised so that 

graphs and tables can be drawn and analysis 

 conducted. Data are usually presented in a 

 frequency table to begin with.

WORKED EXAMPLE 6

The following is a result of a survey of 30 students showing the number of people in their family 
living at home. Draw a frequency table to summarise the data.
2 4 5 6 4 3 4 3 2 5 6 6 5 4 5 3 3 4 5 8 7 4 3 4 2 5 4 6 4 5

THINK WRITE/DRAW

1 Identify the data as numerical discrete data.  

2 There are only 7 different scores so the data 

can be left ungrouped.

 

3 Use a frequency table of two (or three) 

 columns. The first column is for the possible 

scores (x) and can be labelled as ‘Number of 

members in the family’. The last column is for 

the frequency ( f ) and can be labelled 

 ‘Number of families’. An optional column 

between these two can be used as a tally for 

very large sets of data.

Number of 
 members in 

the family (x) Tally
Number of 
families (f)

2 ||| 3

3 |||| 5

4 |||| |||| 9

5 |||| || 7

6 |||| 4

7 | 1

8 | 1

    Σ
 
f = 30

4 Add up the frequency (Σ f ) to confirm scores from 

30 students have been recorded.

 

22. A company involved in constructing the desalination plant in the Wonthaggi region wishes to gather 

some data on public opinion about the presence of the desalination plant in the area and its possible 

effects on the environment. The company has decided to conduct a survey and has asked you to plan 

and implement the survey and then analyse the data and interpret the results.

a. What questions could you include in the survey?

b. What are you trying to find out by asking these questions?

c. What type(s) of data will you collect?

d. How would you display this data visually?

e. What could the company use this data for?

Reflection
What is the chance any five students chosen in your class are born on the same day of the month? 
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WORKED EXAMPLE 7

A survey was conducted, asking students the type of vehicle driven by their parents. The 
responses were collected and recorded as shown below. Display the data as a frequency table 
and as a dot plot.

Sedan 4WD Sedan Sedan

4WD SUV SUV Station wagon

SUV Convertible Station wagon 4WD

Sedan Sports car Convertible Station wagon

Sedan Station wagon SUV Station wagon

SUV SUV Sedan Sedan

THINK WRITE/DRAW

1 Identify this data as categorical ordinal data.  

2 There are 6 different scores or categorical 

labels.

 

3 Use a frequency table of two (or three) 

columns. The first column is for the 

 possible scores (x) and can be labelled as 

‘Type of vehicle’. The last column is for 

the frequency (  f ) and can be labelled 

‘Number of vehicles’. An optional middle 

column can be used as a tally for very 

large sets of data.

Type of vehicle  
(x) Tally

Number of 
 vehicles (  f )

4WD ||| 3

SUV |||| | 6

Sedan |||| || 7

Station wagon |||| 5

Sports car | 1

Convertible || 2

Σ
 
f = 24

4 Add up the frequency (Σ f ) to confirm 

24 scores have been recorded.

 

5 Place a dot for each vehicle type in the 

appropriate column.

4
W
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S
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14.3.2 Stem plots
 • A stem plot or stem-and-leaf plot is a graph that displays numerical data.

 • All data values are shown in stem plots.

 • Stem plots have two columns: the stem holds the group value and the leaf holds the final digit in the 

data value.

WORKED EXAMPLE 8

The golf scores for 30 golfers were recorded as 
follows. Summarise the data as a frequency table.
73 69 75 79 68 85 78 76 72 73 71 70 81 73 74 
87 78 79 68 75 76 72 63 72 74 71 70 75 66 82

THINK WRITE/DRAW

1 Identify the data as numerical discrete data.  

2 There are scores from 63 to 87, so they can be 

grouped as 2s or 5s.

 

3 For this example the data will be grouped by 2s.

Grouping in 2s will give 24 ÷ 2 = 12 groups.

The groups have been made to start with even 

numbers, giving us 13 groups.

Golf scores 
(x) Tally

Number of 
players (  f )

62–63 | 1

64–65   0

66–67 | 1

68–69 ||| 3

70–71 |||| 4

72–73 |||| | 6

74–75 |||| 5

76–77 || 2

78–79 |||| 4

80–81 | 1

82–83 | 1

84–85 | 1

86–87 | 1

    Σ
 
f = 30

4 Sum the frequencies to check all 30 scores were 

recorded.
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 • The following stem plot shows the sizes of 20 students’ DVD collections.

DVD collection size of 20 students

Key: 2 | 5 = 25 DVDs

Stem Leaf

0 4

1 4 6

2 2 3 5 8

3 0 4 4 6 7 7 9

4 1 3 5 9

5 4 6

 • From the stem plot shown, the scores collected were 4, 14, 16, 22, 23, 25, 28, 30, 34, 34, 36, 37, 37, 

39, 41, 43, 45, 49, 54, 56.

 • The distribution of the data is evident in a stem plot. In this example, it is a normal or symmetrical 

distribution.

WORKED EXAMPLE 9

The following scores represent the distance (in km) travelled by a group of people over a 
 particular weekend. Summarise the data in a stem plot.
48 67 87 2 34 105 34 45 63 98 12 23 35 54 65 41 34 23 12 38 18 58 53 44 39 29
Comment on what the shape of the distribution tells us.

THINK WRITE/DRAW

1 Identify the data as numerical discrete data. 

Write a title and a key.

Distance travelled over one weekend

Key:  4 | 7 = 47 km

2 There are scores from 2 to 105, so they can be 

grouped in 10s. The stem will hold the tens 

place value and leaf holds the last digit (the  

unit/ones place value) for each score.

Stem Leaf

0 2

1 2 2 8

2 3 3 9

3 4 4 4 5 8 9

4 1 4 5 8

5 3 4 8

6 3 5 7

7  
8 7

9 8

10 5

3 Transfer each score by recording its last digit in 

the leaf alongside the row corresponding to the 

stem with its tens place digit.

4 Reorder each row in the leaf so the digits are in 

ascending order from the stem.

5 Comment on the shape of the distribution. The distribution is not symmetrical. Most 

people travelled around 20 km to 50 km over 

the weekend, with only 3 people travelling 

more than 70 km.

 • Sometimes the leaves in the rows of a stem plot become too long. This can be overcome by breaking 

the stems into smaller intervals. The second part of the interval is identified with an asterisk (*).
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Exercise 14.3 Collecting data

Individual pathways 

 � PRACTISE
Questions:

1, 3–6, 8, 10, 12, 13, 17

 � CONSOLIDATE
Questions:

1–4, 6, 8, 10, 12–15, 17, 18

 � MASTER
Questions:

1, 3, 5, 7, 9, 11–18

� � � Individual pathway interactivity: int-4541  ONLINE ONLY

To answer questions online and to receive immediate feedback and sample responses for every question, 

go to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

WORKED EXAMPLE 10

The heights of 30 students are measured and recorded as follows.
125, 143, 119, 136, 127, 131, 139, 122, 140, 118, 120, 123, 132, 134, 127,
129, 124, 131, 138, 133, 122, 128, 130, 135, 141, 139, 121, 138, 131, 126
Represent the data in a stem plot.

THINK WRITE/DRAW

1 Write a title and key, then draw up the stem plot 

with the numbers in each row of the leaf column 

in ascending order from the stem.

Heights of 30 students (in cm)

Key:  11 | 8 = 118 cm

Stem Leaf

11 8 9

12 0 1 2 2 3 4 5 6 7 7 8 9

13 0 1 1 1 2 3 4 5 6 8 8 9 9

14 0 1 3

2 The leaves of the two middle stem values are long. 

They would be easier to interpret with the stem 

broken up into smaller intervals, i.e. intervals of 5. 

The stem of 12 would then include the numbers 

from 120 to 124 inclusive, while the stem of 

12* would include the numbers from 125 to 129 

inclusive. Reconstruct the stem plot.

Heights of 30 students (in cm)

Key:  11* | 8 = 118 cm

Stem Leaf

11* 8 9

12 0 1 2 2 3 4

12* 5 6 7 7 8 9

13 0 1 1 1 2 3 4

13* 5 6 8 8 9 9

14 0 1 3

Complete this digital doc: SkillSHEET: Presenting data in a frequency table

Searchlight ID: doc-6317

Complete this digital doc: SkillSHEET: Arranging a set of data in ascending order

Searchlight ID: doc-10954 

Complete this digital doc: WorkSHEET 14.1

Searchlight ID: doc-6323

 RESOURCES — ONLINE ONLY
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Fluency
1.  WE6, 7  The following set of data represents the scores a class of students achieved in a multiple choice 

Maths test.

4, 6, 8, 3, 6, 9, 1, 3, 5, 6, 4, 7, 5, 9, 3, 2, 7, 8, 9, 6, 5, 4, 6, 5, 3, 5, 7, 6, 7, 7

a. Present the data as a dot plot.

b. Present the data in a frequency table.

2. The following set of data shows the types of pets kept by 20 people.

cat, dog, fish, cat, cat, cat, dog, dog, bird, turtle, dog, cat, snake, cat, dog, dog, frog, bird

a. Present the data as a dot plot.

b. Present the data in a frequency table.

c. Explain whether this data can be presented in a stem plot.

3.  WE8, 9 

State

Death by motor vehicle accidents — Males aged 15–24 years  
(rates per 100 000 people)

2008 2009 2010 2011
NSW 14 13 18 9

Vic. 19 25 14 12

Qld 25 17 26 15

SA 23 34 22 26

WA 22 24 36 27

Tas. 42 18 36 42

NT 43 60 71 45

ACT 0 11 14 21

a. Present the data shown in the table above as a frequency table by grouping the data in intervals:  

0–9, 10–19, … etc.

b. Present the data as a stem plot.

4. A sample of students surveyed for the Australian Bureau of Statistics were asked: ‘What is the colour 

of your eyes?’ The results were as follows:

Brown Hazel Blue Brown Brown Green Green Brown Brown Hazel

Brown Brown Brown Brown Blue Brown Green Blue Blue Blue

Brown Brown Brown Brown Hazel Blue Hazel Blue Brown Blue

Brown Blue Green Hazel Hazel Hazel Green Blue Blue Brown
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a. Construct a dot plot for the data.

b. Set up a frequency table for the data.

c. Comment on the proportion of people who have brown eyes.

5. Draw a stem-and-leaf plot for each of the following sets of data. Comment on each distribution.

a. 18, 22, 20, 19, 20, 21, 19, 20, 21

b. 24, 19, 31, 43, 20, 36, 26, 19, 27, 24, 31, 42, 29, 25, 38

c. 346, 353, 349, 368, 371, 336, 346, 350, 359, 362

d. 49, 43, 88, 81, 52, 67, 70, 85, 83, 44, 47, 82, 55, 77, 84, 48, 46, 83

e. 2.8, 3.6, 1.5, 1.3, 1.9, 2.4, 2.7, 3.3, 4.1, 2.9, 1.1, 4.6, 4.2, 3.9

6.  WE10  Redraw the stem plots in question 5 so that the stems are intervals of 5 rather than intervals of 10.

7. The following times (to the nearest minute) were achieved by 40 students during a school outdoor 

 running activity.

23 45 25 48 21 56 33 34 63 43 42 41 26 44

45 41 40 39 37 53 26 55 48 39 29 52 57 33

31 32 71 60 49 52 32 28 47 42 37 33

a. Construct a stem plot with groupings of 5 minutes.

b. Construct a frequency table. (Use groupings of 5 minutes.)

c. If the top 10 runners were chosen for the representative team, what was the qualifying time as given by:

i. the stem plot ii. the frequency table.

d. How many times was the time of 33 minutes recorded? Explain which summary (stem plot or 

 frequency table) was able to give this information.

8. The ages of participants in a Pump class at a gym are listed below:

17, 21, 36, 38, 23, 45, 32, 53, 18, 25, 14, 29, 42, 26, 18, 27, 37, 19, 34, 20, 35.

Display the data as a stem plot using an interval of 5.

9.  MC  Consider the stem plot shown.

7 | 6 = 7.6

Stem Leaf

7 8

8 0 8 9

9 1 6 7 8

10 3 5 8

11 2

Which of the following data sets matches the above stem plot?

A. 78 80 88 89 91 96 97 98 103 105 108 112

B. 8 0 8 9 1 6 7 8 3 5 8 2

C. 7.8 8.0 8.8 8.9 9.1 9.6 9.7 9.8 1.03 1.05 1.08 1.12

D. 7.8 8.0 8.8 8.9 9.1 9.6 9.7 9.8 10.3 10.5 10.8 11.2

Understanding
10. The following data represent the life expectancy (in years) of Australians in 40 different age groups.

83.7 84.5 84.7 85.2 84.6 84.5 85.9 84.9 88.3 86.5

84.1 84.6 84.8 84.4 84.7 84.5 86.0 85.0 88.5 86.6

84.2 84.6 84.8 84.4 84.7 85.7 87.3 85.0 88.8 86.8

84.3 84.6 84.9 84.5 87.1 85.8 87.6 85.1 89.0 86.9

a. Present the data as a frequency table.

b. Present the data as a stem plot.

c. Comment on the distribution of life expectancy for the 40 different age groups.
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11. For the median ages from 2002 to 2009 given below, choose the most appropriate technique 

for  summarising the data. Justify your choice.

Year Females Males
2002 36.6 35.2

2003 36.9 35.3

2004 37.1 35.5

2005 37.3 35.7

2006 37.4 35.9

2007 37.6 36.1

2008 37.6 36.1

2009 37.7 36.1

Reasoning
12. The dots below are arranged in a particular pattern, even though they may appear to be randomly 

coloured. Each row is generated by the row immediately above it.

a. Can you work out the pattern and add the next 3 rows?

b. Do you think a row could ever have all red dots?

c. Do you think a row could ever have all black dots?

d. Does a row ever repeat itself?

13. The two dot plots below display the latest Maths test results for two Year 9 classes. The results show 

the marks out of 20.

Class 1

2 3 4 5 6 7 8 9 10 111 12 13 14 15 16 17 18 19 20

Class 2

2 3 4 5 6 7 8 9 10 111 12 13 14 15 16 17 18 19 20

a. How many students are in each class?

b. For each class, how many students scored 15 out of 20 for the test?

c. For each class, how many students scored more than 10 for the test?

d. Use the dot plots to describe the performance of each class on the test.

14. The following diagram is the result of a student’s attempt to draw a dot plot to display the values  

8, 10, 10, 11, 11, 12, 12, 15, 15, 15, 15, 17, 18, 19.

8 10 11 12 15 17 18 19

a. List the mistakes that the student made in drawing the dot plot.

b. Draw the correct dot plot.

Median age of Australian females and males from 2002 to 2009
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15.        a.     Sometimes you are asked to represent two sets of data on separate stem-and-leaf plots. How can 

you represent two sets of data (keeping them separate) on a single stem-and-leaf plot?  Demonstrate 

your method using the data sets below that show the heights (in   cm  ) of   12   boys and   12   girls in a 

Year   8   class: 

 Boys:   154  ,   156  ,   156  ,   158  ,   159  ,   160  ,   162  ,   164  ,   168  ,   171  ,   172  ,   180   

 Girls:   145  ,   148  ,   152  ,   153  ,   155  ,   156  ,   160  ,   161  ,   161  ,   163  ,   165  ,   168   

b.    Consider the stem-and-leaf plot below. How could you make this easier to read and use?  

  Stem    Leaf  

   1      0 2 2 2 5 7 8 9   

   2      0 0 0 0 0 1 1 2 2 2 2 2 4 4 7 7 7 7 8 8 8 8 9 9   

   3      0 2 2 3 3 3 5 5 7 8 9   

16.       The masses of mice (measured in grams) recorded by a Year   9   Science class are shown below. 

   25.1  ,   24.8  ,   25.1  ,   27.3  ,   25.3  ,   29.5  ,   24.5  ,   26.7  ,   24.0  ,   26.3  ,   25.4  ,   26.3  ,   23.9  ,   25.8  ,   25.4  ,   24.6  ,   25.1  ,   23.9  , 

  33.2  ,   24.5  ,   28.1  ,   27.3   

a.    Draw an ordered stem-and-leaf plot for this data. 

b.    Calculate the range. 

c.    Draw an ordered stem-and-leaf plot for the masses of the mice rounded to the 

nearest gram. Discuss whether a stem-and-leaf plot is suitable for the rounded 

data.  Compare the stem-and-leaf plot with the original masses of mice. What can 

you conclude? 

    Problem solving 
17.     The following data shows the speeds of   30   cars recorded by a roadside camera 

outside a school, where the speed limit is   40 km/h  . 

   20  ,   27  ,   30  ,   36  ,   45  ,   39  ,   15  ,   22  ,   29  ,   30  ,   30  ,   38  ,   40  ,   40  ,   40  ,   40  ,   42  ,   44  ,   20  ,   45  ,   29  ,   30  , 

  34  ,   37  ,   40  ,   45  ,   60  ,   38  ,   35  ,   32   

a.    Present the data as an ordered stem-and-leaf plot. 

b.    Write a paragraph for the school newsletter about the speed of cars outside the 

school.     

18.    A donut graph can be used to compare two or more sets of data using the 

basic idea of a pie graph. A donut graph comparing students’ methods of 

travel to school on Monday, Tuesday and Wednesday is shown.   

a.    What similarities and differences does a donut graph have to a pie graph? 

b.    Write a series of instructions for drawing a donut graph. 

c.    Trial your instructions on the following data by creating a donut graph to 

represent the data.  

 Method of travel  Monday  Tuesday  Wednesday 
 Walk    5      7      25   

 Ride    6      8      23   

 Car    8      2       3   

 Bus    3      3       2   

 Train    2      2       1   

d.     Compare your donut chart with the one shown above. 

e.    What are the advantages and disadvantages of using a donut graph 

instead of a multiple column graph to compare two or more 

sets of data? 

Walk

Bicycle

Car

Bus

Train

Method of travel to school
Monday (inner ring)

Tuesday (middle ring)
Wednesday (outer ring)
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Reflection
What are two things that need to be considered when deciding on the most suitable method to 
collect data?

CHALLENGE 14.1
Analysis of written English prose reveals the proportion of vowels and consonants to be roughly the same in 

every large sample — approximately 7 : 11. The letter e accounts for one-third of the occurrence of vowels. In a 

passage consisting of 10  000 letters, approximately how many times would you expect the letter e to occur? 

14.4 Displaying data
 • Displaying data using graphs reveals many important features at a glance.

 • There are many representations available to a statistician, but they must be correctly matched 

with the type of data. These are summarised in the table below.

 

Categorical data Numerical discrete data Numerical continuous data

T
yp

es
 o

f 
gr

ap
hs

Dot plots Dot plots Histograms

Line plots Line plots Frequency polygons

Pictographs Histograms — ungrouped Box plots

Bar charts Histograms — grouped  

Pie charts Frequency polygons  

  Stem plots  

14.4.1 Bar charts
 • Bar charts are used to display categorical data only.

 • The height of each bar represents frequency, relative frequency or percentage frequency.

 • The width of bars and spaces between bars need to be kept uniform.

Note: Bars cannot touch one another.

14.4.2 Pie charts
 • Pie charts (circle graphs or sector graphs) use pieces of the pie or sectors to represent a category.

 • The size of the piece of pie is in proportion to the frequency (as a percentage) compared with the 

total (100%).

 • The size of each sector is measured as a proportion of the 360 degrees in a circle.
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WORKED EXAMPLE 11 TI | CASIO

The Kelly Clan is having a major family reunion. The age groups of the 200 family members 
that are attending have been recorded, as shown below.

Age group Number

Baby 20

Toddler 24

Child 34

Teenager 36

Adult 50

Pensioner 36

Display the frequency table as a:
a percentage bar chart
b pie chart.

THINK WRITE/DRAW

a 1 Add two extra 

 columns to the 

 frequency table to 

calculate the 

 percentage frequency 

and the size of the 

sector.

For percentage use 

the rule

% = f

Σf
× 100

1
.

For size of sector use 

the rule

degrees° = f

Σf
= 360°.

a Age 
group

Number 
(  f )

Percentage 
frequency Size of sector

Baby 20
20

200
× 100

1
= 10%

20

200
× 360° = 36°

Toddler 24
24

200
× 100

1
= 12%

24

200
× 360° = 43.2° ≈ 43°

Child 34
34

200
× 100

1
= 17%

34

200
× 360° = 61.2° ≈ 61°

Teenager 36
36

200
× 100

1
= 18%

36

200
× 360° = 64.8° ≈ 65°

Adult 50
50

200
× 100

1
= 25%

50

200
× 360° = 90°

Pensioner 36
36

200
× 100

1
= 18%

36

200
× 360° = 64.8° ≈ 65°

Σ Σ f = 200 100% 360°

  2 Give the bar chart a 

suitable title.

  Kelly Clan age group categories include baby, toddler, child, 

 teenager, adult and pensioner.

  3 Identify the category 

names and label the 

horizontal axis with 

the names of the 

categories of people. 

A space between each 

category is the 

 convention for bar 

charts.

 

0
Baby

5

10

P
er

ce
n
ta

g
e 

fr
eq

u
en

cy

15

20

25

Toddler Child Teenager

Age groups

Kelly Clan age groups

Adult Pensioner
  4 Label the vertical axis 

with a suitable scale 

and title.
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  5 Draw the bars to the 

correct percentage 

frequency height for 

each category.

   

b 1 Use the information 

calculated in the 

extended frequency 

table from a1.

b Kelly Clan age groups

Baby

10%

12%

17%

18%

25%

18%

Toddler

Child

Teenager

Adult

Pensioner

  2 Give the pie chart a 

suitable title.

 

  3 Create a legend with a 

suitable colour for 

each category.

 

  4 Draw a circle.  

  5 Using a protractor, 

measure and draw the 

correct angle of each 

sector.

 

  6 Colour the sectors 

using the legend.

 

14.4.3 Histograms and frequency polygons
 • Histograms are similar to bar charts except 

the columns have no gaps between them.

 • Histograms can display display discrete 

and  continuous numerical data.

 • Histograms should include:

– a title

– clearly labelled axes

– separate axes scaled evenly

–  columns of equal width, with no gaps  

between

–  a half-interval gap at each end of  

the graph.

 • Each column of the histogram has the range of 

 values shown on either edge of the column.

F
re

q
u
en

cy

Mass (kg)

12

10

8

6

4

2

0
60 70 80 90 100 110 120 130

Mass of people joining
a weight loss program

11

Histogram

Results

F
re

q
u
en

cy

109876543210

1
0

2
3
4
5
6
7
8
9

10
11
12
13
14
15

12
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 • Alternatively, the centre score (midpoint) of each class interval can be marked.

 • The midpoint is calculated by taking the average of the two extreme values of that class interval.

Number of hours of television

watched

Histogram of hours of
television watched

F
re

q
u
en

cy

0

2

4

6

8

10

7.5 12.5 17.5 22.5 27.5

 • Frequency polygons are constructed by connecting the midpoints of the tops of the columns in the 

histograms with straight lines.

 • The lines close the frequency polygon on either side of the histogram on the horizontal axis.

 • The ends of the frequency polygon should be a half-interval either side of the first and last columns of 

the histogram.

11

Histogram and frequency polygon

Results

F
re

q
u

en
cy

109876543210

1
0

2
3
4
5
6
7
8
9

10
11
12
13
14
15

12

WORKED EXAMPLE 12

A sample of 40 people was surveyed regarding the number of hours per week they spent watching 
television. The results are listed below.
12.9, 18.3, 9.9, 17.1, 20, 7.8, 24.2, 16.7, 9.1, 27, 7.2, 16, 26.5, 15, 7.4, 28, 11.4, 20, 9, 11, 23.7, 19.8, 
29, 12.6, 19, 12.5, 16, 21, 8.3, 5, 16.4, 20.1, 17.5, 10, 24, 21, 5.9, 13.8, 29, 25
a What is the range for the data.
b Organise the data into 5 class intervals and use this to create a frequency distribution table that 

displays the class intervals, midpoints and frequencies.
c Construct a histogram and frequency polygon to represent the data.

THINK WRITE/DRAW

a Determine the range of the number of hours 

of television watched.

Note: The range is the difference between 

the largest and smallest values.

a Range = largest value − smallest value

  
= 29 − 5

= 24
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b 1 Determine the size of the class intervals. 

Class intervals have been recorded as 

5–<10, 10–<15 and so on to 

 accommodate the continuous data.

b Class intervals of 5 hours will create 5 groups, and 

cover a range of 25 numbers.

  2 Rule a table with three columns, headed 

‘Hours of television watched’ (class 

interval), ‘Midpoint’ (class centre) and 

‘Frequency’. 

Note: The midpoint of a class interval is 

calculated by taking the average of the 

two extreme values of that class interval. 

For example, the midpoint of the 5–10 

class interval is 
5 +  10

2
= 7.5.

  Hours of 
television 
watched Midpoint Frequency
5–<10     7.5  9

10–<15 12.5  7

15–<20 17.5 10

20–<25 22.5  8

25–<30 27.5  6

  Total 40

  3 Tally the scores and enter the information 

into the frequency column.

   

  4 Calculate the total of the frequency 

column.

   

c 1 Rule a set of axes on graph paper. Label 

the horizontal axis ‘Number of hours of 

television watched’ and the vertical axis 

‘Frequency’.

c

Number of hours of television

watched

Histogram of hours of
television watched

F
re

q
u
en

cy

0

2

4

6

8

10

7.5 12.5 17.5 22.5 27.5

  2 Leaving a 
1

2
-unit or interval space, draw 

in the first column so that it starts and 

finishes halfway between class intervals 

and reaches a vertical height of 9 people.

 

  3 Draw the columns for each of the other 

scores.

   

Number of hours of television

watched

F
re

q
u
en

cy

0

2

4

6

8

10

7.5 12.5 17.5 22.5 27.5

Frequency polygon of
hours of television watched

  4 To draw the frequency polygon, mark the 

midpoints of the tops of the columns 

obtained in the histogram.

 

  5 Join the midpoints by straight line 

intervals.

 

  6 Close the frequency polygon by drawing 

lines to points placed a half-interval 

either side of the first and last columns of 

the histogram.
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Comparing data sets

 • It is important to be able to compare data sets when the data are related.

Back-to-back stem-and-leaf plots

 • When two sets of data are related, we can present them as back-to-back stem-and-leaf plots.

WORKED EXAMPLE 13

A stem plot was used to display the weight of airline luggage for flights to the Gold Coast.
a Convert the stem plot into a histogram.
b Show the frequency polygon without the histogram superimposed.

Weights of airline luggage

Key: 21 | 3 = 21.3 kg
Stem Leaf

18 5 8 9
19 2 3 6 7
20 5 7 8 8 9 9
21 0 2 6 9
22 0 1 9
23 2

THINK DRAW

a Histogram a  

  1 Identify the data as numerical 

 continuous data with six groups or 

class intervals. Label the x-axis as 

‘Weight of airline luggage (kg)’. 

Leave a half-interval gap at the 

beginning and use an appropriate 

scale for the x-axis.

 

0

2

1

4

3

N
u
m

b
er

 o
f 

lu
g
g
ag

e 
p
ie

ce
s

6

5

7

18 19 20 21 22 23 24 25

Weights of luggage (kg)

Histogram of weights of
airline luggage

  2 Label the y-axis as ‘Frequency’ (or 

‘Number of luggage pieces’).

 

  3 Draw the first column on the x-axis 

to a height of its frequency.

 

  4 Repeat for all class intervals.  

b Frequency (histogram) polygon
Use the same procedure as for the 

histogram, except the columns are 

replaced with lines with end points 

lined up with the middle of the class 

intervals shown on the x-axis and 

to the height of the frequency  

on the y-axis.

b

0

2

1

4

3

N
u
m

b
er

 o
f 

lu
g
g
ag

e 
p
ie

ce
s

6

5

7

1817 19 20 21 22 23 24 25

Weights of luggage (kg)

Frequency polygon of
weights of airline luggage
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WORKED EXAMPLE 14

The ages of male and female groups using a ten-pin bowling 
centre are listed.
Males: 65, 15, 50, 15, 54, 16, 57, 16, 16, 21, 17, 28, 17, 27, 17, 22, 
35, 18, 19, 22, 30, 34, 22, 31, 43, 23, 48, 23, 46, 25, 30, 21.
Females: 16, 60, 16, 52, 17, 38, 38, 43, 20, 17, 45, 18, 45, 36, 21, 
34, 19, 32, 29, 21, 23, 32, 23, 22, 23, 31, 25, 28.
Display the data as a back-to-back stem-and-leaf plot and 
comment on the distribution.

THINK WRITE

1 Rule up three columns, headed Leaf 

(female), Stem, and Leaf (male).

Key: 1 | 5 = 15

2 Make a note of the smallest and largest 

values of both sets of data (15 and 65). 

List the stems in ascending order in the 

middle column.

Leaf
(female) Stem

Leaf
(male)

9 8 7 7 6 6 1 5 5 6 6 6 7 7 7 8 9

8 5 3 2 3 3 1 91 0 2 1 8 7 2 2 2 3 3 5 1

1 2 2 4 6 8 8 3 5 0 4 1 0

5 5 3 4 3 8 6

2 5 0 4 7

0 6 5

3 Beginning with the males, work through 

the given data and enter the leaf (unit 

component) of each value in a row beside 

the appropriate stem.

 

 

 

4 Repeat step 3 for the set of data for females.

5 Include a key to the plot that informs the 

reader of the meaning of each entry.

6 Redraw the stem-and-leaf plot so that the 

numbers in each row of the leaf columns 

are in ascending order.

Note: The smallest values are closest to 

the stem column and increase as they 

move away from the stem.

Key: 1 | 5 = 15

Leaf
(female) Stem

Leaf
(male)

9 8 7 7 6 6 1 5 5 6 6 6 7 7 7 8 9

9 8 5 3 3 3 2 1 1 0 2 1 1 2 2 2 3 3 5 7 8

8 8 6 4 2 2 1 3 0 0 1 4 5

5 5 3 4 3 6 8

2 5 0 4 7

0 6 5

7 Comment on any interesting features. The youngest male attending the ten-pin bowling centre 

is 15 and the oldest 65; the youngest and oldest females 

attending the ten-pin bowling centre are 16 and 60 

respectively. Ten-pin bowling is most popular for men 

in the teens and 20s, and for females in the 20s and 30s.
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Exercise 14.4 Displaying data

Individual pathways 

 � PRACTISE
Questions:

1, 2, 4–6, 9–11, 13

 � CONSOLIDATE
Questions:

1, 3, 6, 7, 9, 11, 12, 14, 17

 � MASTER
Questions:

1, 4, 6, 8–10, 15, 16–18

� � � Individual pathway interactivity: int-4542  ONLINE ONLY 

To answer questions online and to receive immediate feedback and sample responses for every question, 

go to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Fluency
1.  WE11  The number of participants in various gym and fitness classes for the local fitness club is 

given as:

Aerobics — 120 members Boxing — 15 members Pilates — 60 members

Spin — 45 members Aqua aerobics — 30 members Step — 90 members

Represent this information as a:

a. bar chart

b. pie chart.

2.  WE12  In a survey, 40 people were asked about the number of hours a week they spent watching 

television. The results are listed below.

10.3, 13, 7.1, 12.4, 16, 11, 6, 14, 6, 11.1, 5.8, 14, 12.9, 8.5, 27.5, 17.3, 13.5, 8, 14, 10.2, 13, 7.9, 15, 

10.7, 16, 8.4, 18.4, 14, 21, 28, 9, 12, 11.5, 13, 9, 13, 29, 5, 24, 11

a. Are the data continuous or discrete?

b. What is the range of the data?

c. Organise the data into class intervals and create a frequency distribution table that displays the class 

intervals, midpoints and frequencies.

d. Construct a histogram and frequency polygon.

3. The number of phone calls made per week in a sample of 56 people is listed below.

21, 50, 8, 64, 33, 58, 35, 61, 3, 51, 5, 62, 16, 44, 56, 17, 59, 23, 34, 57, 49, 2, 24, 50, 27, 33, 55, 7, 52, 17, 

54, 78, 69, 53, 2, 42, 52, 28, 67, 25, 48, 63, 12, 72, 36, 66, 15, 28, 67, 13, 23, 10, 72, 72, 89, 80

a. Organise the data into a grouped frequency distribution table using a suitable class interval.

b. Display the data as a combined histogram and frequency polygon.

4. For the following data, construct:

a. a frequency distribution table

b. a histogram and frequency polygon.

Class sizes at Jacaranda Secondary College
38 24 20 23 27 27 22 17 30 26

25 16 29 26 15 26 19 22 13 25

21 19 23 18 30 20 23 16 24 18

12 26 22 25 14 21 25 21 31 25

Try out this interactivity: Back-to-back stem plot

Searchlight ID: int-2773

 RESOURCES  — ONLINE ONLY

UNCORRECTE
D P

AGE P
ROOFS



TOPIC 14 Statistics 565

5.  WE13  The number of bananas sold each recess at a high 

school canteen for the past five weeks was recorded as shown.

4  6  3  1  3  4  5  7  2  1  6  2  3  5  7  3  4  2

2 5 8 4 2 1 4

Represent this information as:

a. a histogram

b. a frequency polygon without the histogram superimposed.

6. The distances 300 students have to travel to attend a primary 

school are summarised in the table below:

Distance km Number of students

0−<2 112

2−<4  65

4−<6  56

6−<8  44

8−<10  15

10−<12   8

Represent this information as:

a. a histogram

b. a frequency polygon without the histogram superimposed.

7.  MC  From the bar chart, the number of students who catch public transport to school is:

A. 80 B. 100 C. 120 D. 200

0
Car

40

20

80

N
u
m

b
er

 o
f 

st
u
d
en

ts

60

120

100

140

Tram Train

Type of transport

Walk

Transport mode of 300 students from
Collingwood Primary School

Bicycle

Understanding
8. An investigation into transport needs for an outer suburb community recorded the number of 

 passengers boarding a bus during each of its journeys.

12   43   76   24   46   24   21   46   54   109   87   23   78   37   22   139

65   78   89   52   23   30   54   56   32   66   49

Construct a histogram using class intervals of 20.

9. A drama teacher is organising his DVD collection into categories of ‘Type of show’. He recorded the 

following for the first 20 shows nominated.

musical, musical, drama, pantomime, horror, musical, pantomime, action, drama, pantomime, drama, 

drama, musical, drama, pantomime, romance, drama, musical, romance, drama

a. Show the data set as a bar chart.
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He continued on with the task, and the classification for his collection of 200 DVDs is summarised in 

the frequency table shown below.

Type of DVD Number of DVDs Size of sector for a pie chart

Musical  52  

Drama  98  

Pantomime  30  

Horror  10  

Action   5  

Romance   5  

Total 200 360°

b. Copy and complete the frequency table.

c. Construct a pie chart for the 200-DVD collection.

10. The height, in centimetres, of 30 students in Year 9 was recorded as follows.

146.5, 163, 156.1, 168, 159.4, 170.1, 152.1, 174.5, 156, 163, 157.8, 161, 178, 151, 148, 167,  

162.9, 157, 166.7, 154.6, 150.3, 166, 160, 155.9, 164, 157, 171.1, 168, 158, 162

a. Is the data continuous or discrete?

b. Organise the data into 7 classes, starting at 145 cm and draw up a frequency distribution table.

c. Display the data as a histogram.

d. Is it possible to obtain the range of heights from the frequency distribution table, without any other 

information? Explain.

e.  MC  How many students stood at least 160 cm tall?

A. 15 B. 16 C. 14 D. 7
f.  MC  What percentage were under the minimum height of 165 cm for the basketball team?

A. 21% B. 30% C. 87% D. 70%

g. Reorganise the data into class intervals of 4 cm; that is, 145−<148 cm.

h. Draw a new histogram and compare it to the previous one. Discuss any advantages or disadvantages 

of having a smaller class interval.

11. Could the following histograms be produced from the same data sets? Explain.

1
0

F
re

q
u
en

cy

5

10

15

2 3

Number of cars per household

Histogram of cars per
household

4 5

    

1.5
0

F
re

q
u
en

cy

10

20

30

3.5

Number of cars per household

Histogram of cars per household

5.5

12. The following histogram illustrates the number of days  

that tennis team members practised in one week.

a. What does the frequency represent in this problem?

b. What is the average number of days the team members 

practised in one week?

Reasoning
13.  WE14  The number of goals scored in football matches by Mitch and Yani were recorded as follows:

Mitch 0 3 1 0 1 2 1 0 0 1

Yani 1 2 0 1 0 1 2 2 1 1

Display the data as a back-to-back stem-and-leaf plot and comment on the distribution.

3
0

F
re

q
u
en

cy

2
1

3
4

5
Number of days spent practising

tennis in one week

Histogram of tennis practice
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14. Answer the following questions for the back-to-back stem-and-leaf plot in question 13.

a. How many times did each player score more than 1 goal?

b. Who scored the greatest number of goals in any one match?

c. Who scored the greatest number of goals overall?

d. Who is the more consistent performer? Explain.

15. Percentages in a mathematics exam for two classes were as follows:

9A 32 65 60 54 85 73 67 65 49 96 57 68

9B 46 74 62 78 55 73 60 75 73 77 68 81

a. Construct a back-to-back stem-and-leaf plot of the data.

b. What percentage of each group scored above 50? Give your answers to the nearest whole number.

c. Which group had more scores over 80?

d. Compare the clustering for each group.

e. Comment on extreme values.

f. Calculate the average percentage for each group.

16.  MC  The back-to-back stem-and-leaf plot displays the heights of a group of Year 9 students.

Key: 13 | 7 = 137 cm

Leaf
(boys) Stem

Leaf
(girls)

9 8 13 7 8

9 8 8 7 6 14 3 5 6

9 8 8 15 1 2 3 7

7 6 6 5 16 3 5 6

8 7 6 17 1

a. The total number of Year 9 students is:

A. 13 B. 17 C. 30 D. 36

b. The tallest male and shortest female heights respectively are:

A. 186 cm and 137 cm B. 171 cm and 148 cm

C. 137 cm and 188 cm D. 178 cm and 137 cm

c. Compare the heights of boys and girls.

Problem solving
17. When reading the menu at the local Chinese restaurant, you notice that the dishes are divided into 

sections. The sections are labelled chicken, beef, duck, vegetarian and seafood.

a. What type of data is this?

b. What is the best way to represent this data?

18. You are working in the marketing department of a company that makes sunscreen and your boss wants 

to know if there are any unusual results from some market research you completed recently. You 

completed a survey of people who use your sunscreen, asking them how many times a week they used 

it. What will you say to your boss? Analyse the data set below to help you and try to explain any 

unusual values.

7, 2, 5, 4, 7, 5, 7, 2, 5, 4, 3, 5, 7, 7, 4, 5, 21, 5, 5, 2

Reflection
Give two reasons why stem plots are preferred by statisticians rather than frequency tables.
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14.5 Measures of central tendency
 • The mean, median and mode are know as measures of central tendency.

 • The mean is a measure of the centre of a set of data. The mean is more commonly known as the average.

– To calculate the mean from a set of raw scores, use the formula:

x = Σx
n

= sum of all scores

number of scores

– To calculate the mean of data organised in a frequency table, use the formula:

x = Σxf

Σf
= sum of (scores × frequency)

sum of frequencies

 • The median is the middle score (symbol M or Q2) of a set of data organised from lowest to highest.

– The median score = n + 1

2
 th score, where n is the number of pieces of data or scores.

– If n is odd, then the median is the middle score.

– If n is even, then the median is the average of the two middle scores.

 • The mode is the score (or scores) that occurs most frequently.

WORKED EXAMPLE 15 TI | CASIO

3 7 4 5 6 2 8 3 3 5
For the data above, calculate the:
a median b mean c mode.

THINK WRITE

a Median a Median

2 3 3 3 4 5 5 6 7 8

Median score = n + 1

2
th  score

= 10 + 1

2
= 5.5th  score

The median score is between the 5th and 6th 

scores, which is between 4 and 5.

∴ median = 4.5.

  1 Organise the data or scores from 

 smallest to largest.

 

  2 The median or middle score is found 

by first counting how many scores there 

are. If there is an even number of 

scores, then the median is the average 

of the two middle scores. Use the rule 

median score = 
n + 1

2
 th score where 

n is the number of scores.

 

b Mean b Mean

  1 Add up all the scores.   Mean = x

= Σx
n

= sum of all scores

number of scores

  2 Divide by the number of scores.    x = 3 + 7 + 4 + 5 + 6 + 2 + 8 + 3 + 3 + 5

10

 x = 46

10
= 4.6

c The mode is the score that occurs the most 

frequently in the list.

c Mode = 3
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WORKED EXAMPLE 16

The combined number of goals scored in each of the 48 first round games of the 2010 World 
Cup is summarised in the frequency table below.

Total combined goals scored Number of matches

  0   6

  1 13

  2 12

  3   9

  4   5

  5   2

  6   0

  7   1

Σf 48

Find the:
a median number of goals 

scored
b mean number of goals 

scored
c modal number of goals 

scored.

THINK WRITE/DRAW

a Median

The sum of the frequencies is the number 

of scores, n. If there is an even number of 

scores, then the median is the average of 

two middle scores.

Find where the 24th and 25th scores lie.

a Median

Median score = n + 1

2
th match

= 48 + 1

2
= 24.5th match 

This score is between the 24th match and the 25th 

match.

The 24th score is 2 combined goals.

The 25th score is 2 combined goals.

Median = 2 combined goals

b Mean

Set up a third column on the frequency 

table and multiply the score and its fre-

quency.

Sum the products of xf .

Divide by the sum of the frequencies, Σf .

b Mean

Combined 
goals x

Number of 
matches f x × f

0 6 0

1 13 13

2 12 24

3 9 27

4 5 20

5 2 10

6 0 0

7 1 7

Σf 48 Σxf = 101
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 • Sometimes the mean, median and mode are calculated from graphs.

x = Σxf

Σf
= sum of (scores ×  frequency)

sum of frequencies

= 101

48
= 2.1

c Mode

Look for the score with the highest 

frequency.

c Mode = 1 combined goal scored

WORKED EXAMPLE 17

Find the median of each data set.
a Stem Leaf

1 8 9

2 2 2 5 7 7 8

3 0 1 4 6 7

4 0 5

b 

1716 18 19 20 21 22 23 24

THINK WRITE/DISPLAY

a 1 Check that the scores are arranged in ascending order. a The scores are arranged in 

 ascending order.

  2 Locate the position of the median using the rule 
n +  1

2
 where n = 15.

Note: The position of the median is 
15 + 1

2
= 8 

(the eighth score).

  Key: 1 | 8 = 18

Stem Leaf

1 8 9

2 2 2 5 7 7 8
3 0 1 4 6 7

4 0 5

  3 Answer the question.   The median of the set of data is 28.

b 1 Observe the data in the given dot plot. b The 6th score is 19.

The 7th score is 19.

  2 Locate the position of the median using the rule 
n  +   1

2
 where n = 12.

Note: The position of the median is 
12 + 1

2
= 6.5; 

that is, between the sixth and seventh scores.

 
Median = 19 + 19

2

  3 Obtain the average of the two middle scores.   = 38

2

= 19

  4 Answer the question.   The median of the set of data is 19.
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Grouped data

 • To calculate the mean of a grouped data set, multiply the midpoint of each class interval by the 

 corresponding frequency.

 • The median is the middle value when the values are in order.

 • The mode of a grouped data set is the most common class interval, which is known as the modal class.

WORKED EXAMPLE 18

The actual diagonal lengths of 45 plasma and LCD televisions in a store are presented as a 
 frequency table. Calculate the:
a median (to the nearest inch) b mean (to the nearest inch) c modal class interval.

Diagonal length (inches) Number of TVs

10−<20 1

20−<30 3

30−<40 8

40−<50 19

50−<60 9

60−<70 3

70−<80 2

Σf 45

THINK WRITE/DISPLAY

a 1 Median

The sum of the frequencies is 

the number of scores, n. If there 

is an odd number of scores, then 

the median is the middle score.

a Median

Median score = n + 1

2
th score

= 45 + 1

2
= 23rd score

  2 Find where the 23rd score lies 

in the table by looking at the 

cumulative frequencies.

<20 inches 1 TV

<30 inches 4 TVs

<40 inches 12 TVs

<50 inches 31 TVs

The 23rd score is in the 

40−<50  inches group. It is the 

11th score in that group of 19 

televisions.

  The 23rd score is in the 40−<50 inches class.  

It is the 11th score in a group of 19 scores.
11

19
× 10 inches =  5.79 inches

Median = 40 + 5.79 inches

= 45.79 inches

≈ 46 inches
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Exercise 14.5 Measures of central tendency

Individual pathways 

 � PRACTISE
Questions:

1, 2, 3a, 4a, 5–7, 10–16, 19, 20

 � CONSOLIDATE
Questions:

1, 2, 3b, 4b, 5, 6, 8, 10–16, 19–21

 � MASTER
Questions:

1, 2, 3c, 4c, 5, 6, 9, 10, 12, 14, 16, 

19–22

� � � Individual pathway interactivity: int-4543  ONLINE ONLY

To answer questions online and to receive immediate feedback and sample responses for every question, 

go to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

b 1 Mean

Set up a third and fourth 

 column in the frequency table.

b Mean

Diagonal 
length 
(inches)

Number 
of TVs 

( f )

Class 
 midpoint 

xmid (inches)
Product of  
xmid and f

10−<20 1 15 1 × 15 = 15

20−<30 3 25 3 × 25 = 75

30−<40 8 35  8 × 35 = 280

40−<50 19 45 19 × 45 = 855

50−<60 9 55  9 × 55 = 495

60−<70 3 65  3 × 65 = 195

70−<80 2 75  2 × 75 = 150

Σf        = 45 Σxmid × f = 2065

  2 Record the midpoint as the 

middle value of each interval; 

e.g. 
10 + 20

2
= 15.

 

  3 Multiply the midpoint of each 

interval, xmid and the interval’s 

frequency, f .

 

  4 Add up all the products of 

xmid × f .

 

  5 Divide xmid × f  by the sum of 

the frequencies, Σf .

 

  6 Write your answer.  
x = Σxf

Σf
= sum of (score ×  frequency)

sum of frequencies

= 2065

45

= 45.89 ≈ 46 inches

The mean TV size is 46 inches.

c The modal class is the class interval 

with the highest frequency.

c Modal class is 40 to less than 50 inches.

Complete this digital doc: SkillSHEET: Finding the mean

Searchlight ID: doc-10955

Complete this digital doc: SkillSHEET: Finding the middle score

Searchlight ID: doc-10956

Complete this digital doc: SkillSHEET: Finding the middle score for data arranged in a dot plot

Searchlight ID: doc-10957

Complete this digital doc: SkillSHEET: Finding the most frequent score

Searchlight ID: doc-10958

 RESOURCES — ONLINE ONLY

UNCORRECTE
D P

AGE P
ROOFS



TOPIC 14 Statistics 573

Fluency
1.  WE15  Calculate the median, mean and mode for the small raw data sets given. Confirm your answers 

for the median and mean using a graphics calculator. Where necessary, give your answers to 2 decimal 

places.

a. 27 32 45 48 53 55 55 57 59 61 75 81

b. 8 8 2 8 8 8 8 8 9 9 1 9 5 9 7 10 0

2.  WE16  Calculate the median, mean (to 2 decimal places) and mode for this ungrouped frequency table.

Score Frequency

0  2

1  5

2 12

3 10

4  7

5  2

3.  WE17a  Find the median of each of the following data sets.

a. Key: 1 | 0 = 10 

Stem Leaf

1 0 2

2 1 3 3 5

3  

4 4

b. Key: 10 | 0 = 100 

Stem Leaf

10 0

11 0 2 2 2

12 0 4 6 6

13 3

c. Key: 6.1 | 8 = 6.18 

Stem Leaf

6.1 8 8 9

6.2 0 5 6 8

6.3 0 1 2 4 4 4

4.  WE17b  Find the median of each of the following data sets.

a. 

10 2 3 4 5 6 7 8 9 10 11

b. 

7978 80 81 82 83 84 85 86 87

c. 

2.32.2 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1

5.  WE18  Calculate the median, mean and mode for the following grouped frequency tables. Where 

necessary, give your answers to 1 decimal place.

a. 
Score  

x
Frequency  

f

120–129  2

130–139  8

140–149 10

150–159  5

160–169  1

b. 
Score Frequency

120–129  2

130–139  8

140–149 10

150–159 16

160–169  5

170–179  1

Hint: The tables above show grouped discrete data, where the midpoint of the first class interval 

is 
120 + 129

2
= 124.5.
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6. For the stem plot given below, calculate:

a. the median

b. the mean (to 2 decimal places)

c. the mode.

d. Key: 3* | 7 = 37

Stem Leaf

1 3 4

1* 5 6 7 9

2 0 2 3 3 4

2* 5 5 5 6 6 7 8

3 1 2 3 4

3* 5 7

4 1

7.  MC  For the following set of data:

1, 5, 2, 8, 7, 3, 5, 7, 2, 8, 7, 6, 4, 5, 5

the median, mean and mode is best given by:

A. 5, 6, 5 B. 6, 3, 5 C. 5, 5, 5 D. 5, 5, 7
8.  MC  The median number of members per family surveyed and presented in this frequency table is:

Number of members 
per family Frequency

3 19

4 53

5 21

6  4

7  2

8  1

A. 3 B. 4 C. 4.5 D. 4.6

9.  MC  For this grouped frequency table, the best estimate of the mean score is:

Score Frequency

0−<50  1

50−<100  4

100−<150 10

150−<200  3

200−<250  1

250−<300  1

A. 100 B. 150 C. 125 D. 130

Understanding
10. The frequency table on next page is a summary of 100 long jump attempts by a group of primary 

school students during a recent school sports carnival. For the data given, determine the:

a. type of data b. median c. mean d. mode.
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Where necessary, round to the nearest whole number.

Long jump distance (cm) Number of jumps

120−<140 22

140−<160 44

160−<180 17

180−<200 14

200−<220  2

220−<240  0

240−<260  0

260−<280  1

11. The grouped frequency table below is a summary of 40 golf 

scores recorded at the local council’s 9-hole golf course. 

For the data given, determine the:

a. type of data b. median c. mean d. modal class.

Golf score Number of games

30−39  4

40−49 32

50−59  2

60−69  1

70−79  1

12. A survey of the number of people living in each house on a residential street produced the  following data:

2, 5, 1, 6, 2, 3, 2, 1, 4, 3, 4, 3, 1, 2, 2, 0, 2, 4.

a. Prepare a frequency distribution table with an f × x column and use it to find the average (mean) 

number of people per household. Give your answer to 1 decimal place.

b. Draw a dot plot of the data and use it to find the median number per household.

c. Find the modal number per household.

d. Which of the measures would be most useful to:

i. a real estate agent renting out houses

ii. a government population survey

iii. an ice-cream mobile vendor?

Reasoning
13. A small business pays these wages (in thousands of dollars) to its employees:

18, 18, 18, 18, 26, 26, 26, 35, 80 (boss).

a.  MC  What is the wage earned by most workers?

A. $29  400 B. $18  000 C. $29  000 D. $26  000

b. What is the average wage?

c.  MC  Find the median of the distribution.

A. $26  000 B. $26  500 C. $18  000 D. $18  500

d. Which measure might be used in wage negotiations by:

i. the union, representing the employees (other than the boss)

ii. the boss?

Explain each answer.
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14. A class of 26 students had a median mark of 54 in Mathematics; however, no-one actually obtained 

this result.

a. Explain how this is possible. b. Explain how many must have scored below 54.

15. A soccer team had averaged 2.6 goals per match after 5 matches. After their sixth match, the average 

had dropped to 2.5. Explain how they scored 2 goals in that latest match.

16. A tyre manufacturer selects 48 tyres at random from the production line for testing. The total distance 

travelled during the safe life of each tyre is shown in the table.

Distance in km (’000) 82 78 56 52 50 46

Number of tyres 2 4 10 16 12 4

a. Calculate the mean, median and mode.

b. Which measure best describes average tyre life? Explain.

c. Recalculate the mean with the 6 longest-lasting tyres removed. By how much is it lowered? Give 

your answer to the nearest km.

d. If you selected a tyre at random, what tyre life has the highest probability of being selected?

e. In a production run of 10 000 tyres, how many could be expected to last for a maximum of 50 000 km?

f. As the manufacturer, for what distance would you be prepared to guarantee your tyres? Why?

17. If the mean = 11, mode = 4, and the median = 9 (and the missing values are positive integers):

a. find two values for the following set of numbers:

4, ___, 19, ____, 21, 4

b. find two different values that meet the stated criteria

c. can you substitute 9 for both missing values? Explain.

18. a.  Create a data set of 8 numbers that meet the following criteria.

• Data values are positive integers

• Mean = 9.5

• Median = 7

• Mode = 6

• Maximum value in data set = 21

• Minimum value in data set = 1

b. Is there only one data set that can meet this criteria? Explain.

Problem solving
19. Calculate the mean for this data set.

Score 4 8 12 16 20 24

Frequency 4a 3a 2a a
a
2

a
4

20. a.  Create a set of five values with a mean of 4 and a median of 5. Demonstrate that this is true.

b. Change only one of your numbers in the set so that the mean is now 5 and the median remains 5. 

Demonstrate that this is true.

21. Seven students did a very difficult Science test. The test was out of 15. Six of the students got the 

following marks: 4, 4, 5, 5, 5, 6. Determine the mark that the 7th student obtained if:

a. the mean is the same as the median b. the mean is greater than the median

c. the mean is equal to the mode d. the mean is greater than 6.

22. On a piece of paper is a list of six 2-digit prime numbers. They have a mean and median of 39. Their mode 

is 31, and the smallest number is 13. What are the six numbers? Explain how you deduced your answer.

Reflection
What is the unique feature of the data collected when all three measures of central tendency are the 
same or very similar?
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14.6 Measures of spread
 • Measures of spread are used to describe a distribution. There are three common measures of spread.

 • The range is the difference between the highest and lowest scores.

Range = highest score – lowest score

= xH – xL

 • The interquartile range (IQR) is the range of the middle 50% of all the scores in an ordered set. 

When the interquartile range is calculated, the data is first organised into quartiles, each containing 

25% of the data. The word ‘quartiles’ comes from the word ‘quarter’.

25% 25% 25%25%

MinimumMinimum MaximumMaximumQ1

Lower

quartile

Q1

Lower

quartile

Q3

Upper

quartile

Q3

Upper

quartile

Q2

Median

Q2

Median

Interquartile range = upper quartile − lower quartile

This can be written as:

IQR = Qupper − Qlower

or

IQR = Q3 − Ql

 • The standard deviation is a unique measure for symmetrical or normal distributions that measures 

the average deviation of all the scores from the mean of the data set.

– For data from a sample, use the formula

Sample standard deviation =  s = √ ∑ (x − x)2

n − 1
.

– For data that is from a population, use the formula

Population standard deviation =  σ = √ ∑ (x − x)2

n
.

Note: The standard deviation value is best calculated using a calculator with a statistical function.

CHALLENGE 14.2
I have chosen 5 different whole numbers. Their mean is 5. The product of the 5 numbers is 945. Two of the 

numbers are 1 and 9. What are the remaining 3 numbers? 

WORKED EXAMPLE 19 TI | CASIO

Find the range and interquartile range of the following data set.
5 6 8 4 12 5 7 8 4 10 9 6 5

THINK WRITE

1 Arrange data from lowest to highest score. 4 4 5 5 5 6 6 7 8 8 9 10 12

2 Calculate the range. Range = highest score − lowest score

= xH − xL

= 12 − 4

= 8
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3 Find the median by using the rule: 

median score = n + 1

2
th  score.

Median score = n + 1

2
th score

= 13 + 1

2
= 7th score

Median is the 7th score.

∴ median = 6

4 Find the lower quartile (Qlower) from the  

6 scores in the lower half of the data set.

4 4 5 5 5 6 6 7 8 8 9 10 12

Qlower is between 3rd and 4th scores

Qlower = 5

5 Find the upper quartile (Qupper) from the 

6 scores in the upper half of the data set.

Qupper is between 3rd last and 4th last scores.

Qupper = 8 + 9

2
= 8.5

6 Subtract the lower quartile from the upper 

 quartile to find the interquartile range.

IQR = Qupper − Qlower

  
= 8.5 − 5

= 3.5

WORKED EXAMPLE 20

For the stem plot shown, determine the range and the interquartile range.

Key: 4 | 7 = 4.7 kg

Stem Leaf

1 9

2 2 7

3 0 1 3 7

4 2 4 5 7 8

5 1 2 8

6 0

THINK WRITE

1 Calculate the range by finding the difference 

between the lowest and highest scores.

Range = highest score − lowest score

= xH − xL

= 6.0 − 1.9

= 4.1 kg

2 Count the number of scores, n. n = 16

3 Find the median by using the rule median 

score = n + 1

2
th  score.

Median score = n + 1

2
th score

= 16 + 1

2
= 8.5th score

The median is between the 8th and 9th scores, 

i.e. between 4.2 and 4.4.

∴ the median = 4.3  kg.
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4 Find the lower quartile, Qlower (1st quartile) 

from the 8 scores in the lower half of the  

data set.

Stem Leaf

1 9

2 2 7

3 0 1 3 7

4 2 4 5 7 8

5 1 2 8

6 0

Qlower is between the 4th score (3.0) and the 

5th score (3.1).

∴ Qlower = 3.05 kg

5 Find the upper quartile, Qupper (3rd quartile) from 

the 8 scores in the upper half of the data set.

Qupper is between the 4th last score (5.1) and 

the 5th last score (4.8), that is 4.95 kg.

∴ Qupper = 4.95 kg

6 Determine the interquartile range by subtracting 

the lower quartile from the upper quartile.

IQR = Qupper − Qlower

= 4.95 − 3.05

= 1.9 kg

14.6.1 Types of distributions
 • Distribution refers to the way data are spread out.

 • Depending on how data are distributed or spread out, particular measures of centre and spread may 

provide different results for the data.

 • Symmetrical distributions, also referred to as bell-shaped or normal distributions, have a clear centre 

of the distribution and an even spread on either side.

F
re

q
u
en

cy

       Stem Leaf

0 7

1 2 3

2 2 4 5 7 9

3 0 2 3 6 8 8

4 4 7 8 9 9

5 2 7 8

6 1 3

 • For symmetrical distributions, all three measures of central 

tendency (the mean, the median and the mode) give similar 

results.

– The mean is the preferred measure of central tendency.

– Standard deviation is the preferred measure of spread.

2 3 4 5

3 4

4

Central tendency

Mean (also median and mode)

5

6
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 • A skewed distribution is a non-symmetrical distribution.

–  Right or positively skewed distribution has few high scores that are spread over a large range to 

the right. The most  common scores are located to the left.

–  Left or negatively skewed distribution has few low scores that are spread over a large range to the 

left. The most common scores are located to the right.

– For skewed distributions, the mean is affected by outlier(s) or unusual scores.

 

Positively skewed distribution

 

Negatively skewed distribution

3 4

3

3

3

4

5 9

(Outlier)

Mean (skewed towards outliers)

Median

Central tendency

– The mean is shifted towards the outlier(s).

– The median is not affected by outliers and is thus the preferred measure of central tendency.

– Interquartile range is the preferred measure of spread.

 • Bi-modal distributions have two peaks. When this occurs it indicates that 

the measurement or observation includes two different groups. An example 

would be measuring the heights of 100 adults. We could find two modes, one 

for the heights of adult males and the other mode for adult females. Such 

distributions would then suggest that the data analysis be modified to  separate 

the two unique groups.

 • Measures of central tendency and spread are paired with an appropriate 

 distribution as summarised in the table below. For skewed distributions, the 

mean is affected by outliers or unusual scores. The median is not affected and 

is thus the preferred measure of central tendency. The mean is affected by 

outliers and is shifted towards the outlier.

  Symmetric distribution Skewed distribution

Central tendency Mean Median

Spread Standard deviation Interquartile range

 • The mode is used primarily for describing the centre of categorical data.

 F
re

q
u
en

cy

10

9

8

7

6

5

4

3

2

1

Score
1 2 3 4 5
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WORKED EXAMPLE 21

For each of the distributions shown, describe the type of distribution, determining its centre 
and spread using the most appropriate measures.
a 

0
1 2 3 4 5 6 7

2

1

4

3

N
u
m

b
er

 o
f 

h
o
u
se

h
o
ld

s

6

7

8

9

5

Number of TVs

Histogram of number of TVs in a household

b 

0
1 2 3 4 5 6 7

10

5

20

15

N
u
m

b
er

 o
f 

fa
m

il
ie

s

30

35

40

45

50

25

8 9

Number of members in a family

Histogram of number of members in families

THINK WRITE

a 1 Describe the shape of the distribution. a The graph is roughly symmetrical.

  2 Select appropriate measures of centre 

and spread.

  Measure of centre: mean

Measure of spread: standard deviation.

  3 Determine the mean and standard 

deviation.

 
Mean = x = ∑ x

n
= sum of all scores

number of scores

= 120

28
= 4.3

Sample standard deviation = s = √ ∑ (x − x)2

n − 1

=  √59.7

27

= 1.5

  4 State the answer.   The mean number of TVs per household is 4.3 

and the standard deviation is 1.5.

b 1 Describe the shape of the distribution. b The graph is positively skewed.

  2 Select appropriate measures of centre 

and spread.

  Measure of centre: median

Measure of spread: interquartile range.
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  3 Determine the median and interquartile 

range.

  The median is the average of the 61st and 

62nd scores.

Median = 2 + 2

2
= 2

Qlower is the 31st score.

Qlower = 2

Qupper is the 92nd score.

Qupper = 3

IQR = Qupper − Qlower

= 3 − 2 = 1

  4 State the answer.   The median number of members in a family is 2 

and the interquartile range is 1.

WORKED EXAMPLE 22

Determine the best measures of central tendency and spread for the  
heights of 25 people shown in the stem plot at right. Give your answer 
to the nearest centimetre.

THINK WRITE/DISPLAY

1 Describe the distribution. A symmetrical or normal  

distribution.

2 State the most appropriate measures of 

centre and spread.

Measure of centre: mean

Measure of spread: standard deviation.

3 Calculate the mean. Mean = x = Σx
n

= sum of all scores

number of scores

= 4509

25

= 180.36

4 Use a calculator to determine the standard 

deviation.

Sample standard deviation = s = 16.29

5 State the answer. The mean height of the 25 people is 180 cm and the 

standard deviation is 16 cm.

Key: 17 | 8 = 178 cm

Stem Leaf

14 8

15 3 6

16 1 4 7

17 0 0 7 8 9

18 1 2 2 4 6 8 8

19 3 4 7 7

20 0 2

21 2

Complete this digital doc: WorkSHEET 14.2

Searchlight ID: doc-6324
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Exercise 14.6 Measures of spread

Individual pathways 

 � PRACTISE
Questions:

1–12, 16

 � CONSOLIDATE
Questions:

1, 3, 5, 6, 8, 10, 11–14, 16

 � MASTER
Questions:

1–3, 5, 7, 9, 11–16

� � � Individual pathway interactivity: int-4544  ONLINE ONLY

To answer questions online and to receive immediate feedback and sample responses for every question, 

go to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Fluency
1.  WE19  Find the range and interquartile range for the following raw data sets.

a. 120  124  125  135  135  137  141  145  151

b. 18  22  25  27  29  31  35  37  40  42  44

2.  WE20  This stem plot gives the spread of 25 cars caught by a roadside  

speed camera.

Key: 8 | 2 = 82 km/h

8* | 6 = 86 km/h

Determine:

a. the range

b. the interquartile range

c. the sample standard deviation of the distribution.

3. For the following raw data sets:

i. find the range and interquartile range

ii. use a statistical function on a calculator and find the standard deviation (to 2 decimal places).

a. 20  45  73  65  85  127  101

b. 1.22  1.28  1.48  1.52  1.62  1.72  1.85  1.95  2.03

4. For the ungrouped frequency table shown, calculate:

a. the spread — the range, interquartile range and sample standard 

deviation

b. the central tendency — the mode, the median and mean (correct to 

2 decimal places).

5. For each of the following histograms, describe the shape of the 

 distribution of the data.

a. 

F
re

q
u
en

cy

b. 

F
re

q
u
en

cy

c. 

F
re

q
u
en

cy

Stem Leaf

8 2 2 4 4 4 4

8* 5 5 6 6 7 9 9 9

9 0 1 1 2 4

9* 5 6 9

10 0 2

10*  

11 4

Score Frequency
0 24

1 17

2 12

3  7

4  2

5  1

UNCORRECTE
D P

AGE P
ROOFS



584 Jacaranda Maths Quest 9

d. 

F
re

q
u
en

cy

e. 

F
re

q
u
en

cy

f. 

F
re

q
u
en

cy

6. For each of the following stem plots, state the type of distribution.

a. Key: 14 | 6 = 14.6 

Stem Leaf

12 0

13 8 9

14 0 8 9 9

15 1 5 6 6 6 7 8

16 3 5 7 8

17 0 2

18 3 5

b. Key: 14 | 6 = 146 

Stem Leaf

13 1 2 4 6 7 8 9

14 0 4 5 6 8 9 9

15 1 5 6 6 7 8

16 3 7 8

17 0 2

18 3

c. Key: 14 | 6 = 1.46 

Stem Leaf

12 7 8

13 6 7 8 9

14 0 9

15 1 5 6

16 3 7 8 9 9

17 0 2

18 3

d. Key: 14 | 6 = 1.46 

Stem Leaf

1 1

2  

3 6 9

4 0 4 9

5 1 3 5 6 8

6 2 3 7 8 9 9

7 0 4 6 7 7 8

Understanding
7.  WE21  This histogram represents the results of data collected 

from households in a suburban street. Describe the type of 

 distribution, determining its centre and spread using the most 

appropriate  measure.

8.  WE22  The number of customers served each hour for the past 

24-hour period is summarised in the following stem plot.

Key: 2 | 4 = 24 customers

Stem Leaf

0   0 0 1 4

0* 5 5 8 8 9 9 9

1 1 2 3 4 4 4

1* 5 5 5 7

2   0 2

2*  

3   4

a. State the type of data and type of distribution.

b. Choose the most appropriate measure of central tendency and spread. Give a reason for your choice.

c. Calculate the centre and spread chosen in b.

9.  MC  Which of the following statements is false?

A. Median and interquartile range are not affected by outliers.

B. Mean and standard deviation are affected by outliers.

C. Interquartile range is a good measure of spread for skewed distributions.

D. Range and interquartile range can be used on categorical data.

10.  MC 

Score 0 1 2 3 4 5 6 7

Frequency 3 4 5 7 10 22 34 45

Number of children per household

F
re

q
u
en

cy

0

1

2

3

4

5

6

7

0 1 2 3 4 5

Children per household
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For the frequency table on previous page, the most likely type of distribution is a:

A. negatively skewed distribution

B. positively skewed distribution

C. bimodal distribution

D. normal distribution

12. Consider the distribution shown at right.

a. Are the data symmetrical?

b. What is the modal class?

c. Can the mean and median be seen from the graph and, 

if so, what are their values?

Reasoning
13. A Geography teacher with a class of 20 students commented that test results for his class out of a 

score of 50 were negatively skewed. Show and explain a data set for the possible results obtained for 

the 20 students.

14. Show a data set where the range and interquartile range are the same. Explain what factors cause this.

15. Explain the effect on the range when a set of scores has:

a. 5 added to each score

b. each score doubled

c. each score increased by 25%.

Problem solving
16. A symmetric distribution is one where the mean and median are equal. A uniform distribution (one 

where the elements are all the same) is symmetric. Give an example of a non-uniform distribution 

which is symmetric.

17. This back-to-back stem-and-leaf plot displays the speeds of 25 cars caught by a speed camera on a 

major highway on Easter Sunday and Christmas Day.

Easter Sunday   Christmas Day

8 6 3   6 2 3 6 9 9

8 7 4 1   7 1 2 2 4 5 5 7 8

6 6 5 4 2 1   8 0 0 3 4 6 7

9 8 7 7 5 2 1   9 1 2 3 3

7 7 5 2 1 10 2 4

The police commissioner was heard to comment that he was surprised to find drivers behaved better 

on Christmas Day than they did on Easter Sunday. His department had done an analysis of the data 

and found that both the mean and the interquartile range of speeds on Easter Sunday were greater than 

those for Christmas Day. Discuss his statement.

Reflection
A famous phrase possibly first used by Mark Twain was ‘Lies, damned lies and statistics’. 
This phrase suggests statistics can be used to twist the truth. Suggest a golden rule to avoid 
 statistics being used inappropriately. 

 F
re

q
u
en

cy

Score

1
–
1
0

1
1
–
2
0

2
1
–
3
0

3
1
–
4
0

4
1
–
5
0

5

10

15

20

25

30
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14.7 Review

14.7.1 Review questions
Fluency

1. Which one of the following is an example of numerical discrete data?

A. Your favourite weeknight television show

B. The speed of a car recorded on a speed camera

C. The number of home runs by a baseball player

D. Placing in a field of eight swimmers of a 100 m freestyle race

The following information relates to questions 2 and 3.

Number of bedrooms 1 2 3 4 5 6

Number of homes 4 9 32 36 7 2

2. For the data summarised, the most likely type of distribution is:

A. a negatively skewed distribution B. a positively skewed distribution

C. skewed to the left D. a symmetric distribution.

3. The mode for the data collected is:

A. 36 B. 5 C. 4 D. 3
4. The results of a Science test marked out of 60 are represented by the stem plot shown below.

Key: 2 | 3 = 23

Stem Leaf

0 8

1 8

2 3 5

3 2 0 3 6

4 2 4 5 5 5 8

5 4 7 8 8 9

6 0 0 0 0

The median, mean and mode, respectively, are:

A. 60, 42, 52 B. 40, 45, 60 C. 45, 60, 45 D. 45, 44, 60

5. The following is a grouped frequency table. The best estimate of the mean score is:

Score Frequency

0– <50 12

50–<100 24

100–<150 23

150–<200 4

A. 63 B. 90 C. 92 D. 100

6. The range and IQR for the following set of data is: 46, 46, 49, 53, 61, 63, 67, 72, 81, 84, 93

A. 46 and 34 B. 46 and 65 C. 47 and 63 D. 47 and 32

7. The sample standard deviation for the following set of data is (to 1 decimal place): 

25, 27, 33, 42, 47, 54, 58, 59, 65, 66

A. 15.3 B. 14.5 C. 47.6 D. 26.0
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8. For the following surveys or studies conducted, decide what type of data would be collected.

a. The blood type of all workers at a shoe factory

b. A survey of 500 Australians’ views (strongly agree, agree, disagree, strongly disagree) on bringing in 

corporal punishment

c. Mobile phones owned in the households of students in your class

d. The top 20 fastest recorded times for the women’s 100 metres butterfly

9. Classify each of the following data collections according to whether they are samples or populations.

a. A survey of 1000 travellers on the quality of train service provided.

b. A survey of all the students at a secondary college about the state government’s rules on under-age 

alcohol laws.

c. Local school’s mathematics performance in this year’s Year 9 cohort of all this year’s students’ 

assessed examination results.

10. Determine the number from each group to be surveyed in the following, if stratified sampling was to 

be conducted.

a. Survey of 60 members from a tennis club of 600 members with 200 male adult members, 100 female 

adult members and 300 teenage members.

b. Survey of 100 students from a school population of 1250 students where there are 100 Year 

12s, 150 Year 11s, 250 Year 10s, 250 Year 9s, 250 Year 8s and 250 Year 7s.

11. The following set of data shows the types of mobiles owned by the first 30 shoppers surveyed.

Nokia, Samsung, LG, Nokia, Nokia, Nokia, Samsung, Samsung, Blackberry, LG, Samsung, Nokia, 

LG, Nokia, Samsung, Samsung, LG, Nokia, Samsung, Blackberry, Samsung, LG, Nokia, Nokia, 

Nokia, Nokia, Samsung, Samsung, Blackberry, LG

a. Present the data as a dot plot. b. Present the data in a frequency table.

12. The following data represent the number of mp3 songs found on rented laptops. An initial analysis of 

25 laptops resulted in the following data being collected.

47, 103, 45, 111, 67, 54, 59, 44, 31, 89, 34, 2, 43, 96, 70, 90, 66, 48, 67, 82, 74, 56, 35, 9, 77

a. Present the data as stem plot.

b. Comment on the shape of distribution.

c. Present the data as a frequency table grouped in intervals of 20.

d. State the type of data, type of distribution and give the most appropriate measures of central tendency 

and spread.

13. The following table shows the salaries for AFL players in 2004.

AFL players’ salaries Number of players

0–$100 000 146

$100 001–$200 000 188

$200 001–$300 000 107

$300 001–$400 000 57

$400 001–$500 000 24

$500 001–$600 000 12

$600 001–$700 000 4

$700 001–$800 000 0

$800 001–$900 000 4

Total number of players 542
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a. Draw a histogram to display the data.

b. Describe the type of distribution the histogram displays.

c. Calculate the median salary of these football players (to the nearest thousand).

d. Find the modal salary for AFL footballers in 2004.

Problem solving
14. The workers in an office are trying to obtain a wage rise. In the previous year, the ten people who 

work in the office each received a 2% wage rise, while the company CEO received a 42% wage rise.

a. What was the mean wage rise received in the office last year? Give your answer to $1$ decimal place.

b. What was the median percentage wage rise received?

c. What was the modal percentage wage rise received?

d. The company is trying to avoid paying the rise. Explain the statistics you think they would quote 

about last year’s rise. Give your reason.

e. What statistics do you think the trade union would quote about wage rises? Explain why.

f. Which statistic do you think is the most ‘honest’ reflection of last year’s wage rises? Explain why.

15. A stratified random sample was taken from two high schools; a 312-student high school, and a larger 

high school. The sample would assess how many students watched more than four hours of television 

per day. If the small school represented 12.5% of the total students surveyed, and 200 total students 

were randomly surveyed:

a. How many students were surveyed in the small school?

b. How many students were surveyed in the large school?

c. How many students were in the large high school?

d. How many students were in both schools?

16. If the mean = 15, mode = 8 and the median = 14 (and the missing values are positive integers):

a. find two values for the following set: 8, ___, 25, ___, 21, 8

b. find two different values that meet the stated criteria.

17. Create a data set of 9 numbers that meet the following criteria.

 • Data values are positive integers

 • Mean = 8

 • Median = 7

 • Mode = 10

 • Maximum value in data set = 14

 • Minimum value in data set = 3 

Try out this interactivity: Word search

Searchlight ID: int-2714

Try out this interactivity: Crossword

Searchlight ID: int-2715

Try out this interactivity: Sudoku

Searchlight ID: int-3213

Complete this digital doc: Concept map

Searchlight ID: doc-10804
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  Language 

 It is important to learn and be able to use correct mathematical language in order to communicate  effectively. 

Create a summary of the topic using the key terms below. You can present your summary in writing or 

using a concept map, a poster or technology. 

  categorical data  
  data  
  deviation  
  dot plot  
  frequency table  
  mean  

  median  
  mode  
  numerical data  
  outlier  
  pictogram  
  pie chart  

  skewed  
  statistics  
  stem plot  
  survey  
  symmetric  
  univariate  

 Link to assessON for questions to test your 
readiness  FOR  learning, your progress  AS  
you learn and your levels  OF  achievement. 

 assessON provides sets of questions for 
every topic in your course, as well as giving 
instant feedback and worked solutions to 
help improve your mathematical skills. 

www.assesson.com.au   

The story of mathematics is an exclusive Jacaranda video series that explores the history 

of mathematics and how it helped shape the world we live in today.

The world’s mega cities (eles-1701) examines the changing nature of modern life across 

the world, with more and more people moving into urban areas and creating mega 

cities — urban areas of more than 10 million people.
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Investigation | Rich task
Graphical displays of data

Statistical data can be communicated in the form of written prose, tables and graphs. It is difficult to 

compare and see trends in written prose. To gain a full understanding of trends and comparisons of 

data presented in table form, we often need to perform additional calculations. The visual impact of 

graphs is immediate; however, often the impression we receive is a misleading one if we fail to look 

carefully at the graph. Graphs can be manipulated to produce the desired effect. Consider the two 

graphs below.

S
h
ar

e 
p
ri

ce

Time    

S
h
ar

e 
p
ri

ce

Time

These graphs both display the same data (the value of shares over the same period of time), yet 
they look quite different. If the objective of the graph is to create the impression that the value 
of the shares has dropped quite dramatically, the first graph would serve this purpose. On the 
other hand, if we are to be convinced that the shares have not changed very much in value, the 
second graph reflects this point of view.

1. What technique is used to create two quite opposing impressions in the two graphs?

The following table shows the times for the men’s and women’s 100-m sprints in the  Summer 
Olympic Games. A sports journalist wants to convince readers that, since 1928, the women 
have been more successful in reducing their time than the men.
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Year 100 m men

Men’s 
time 

(seconds) 100 m women

Women’s 
time 

(seconds)

1928 Percy Williams, CAN 10.80 Betty Robinson, USA 12.20

1932 Eddie Tolan, USA 10.30 Stella Walsh, POL 11.90

1936 Jesse Owens, USA 10.30 Helen Stephens, USA 11.50

1948 Harrison Dillard, USA 10.30 Fanny Blankers-Koen, HOL 11.90

1952 Lindy Remigino, USA 10.40 Marjorie Jackson, AUS 11.50

1956 Bobby Morrow, USA 10.50 Betty Cuthbert, AUS 11.50

1960 Armin Hary, GER 10.20 Wilma Rudolph, USA 11.00

1964 Bob Hayes, USA 10.00 Wyomia Tyus, USA 11.40

1968 Jim Hines, USA    9.95 Wyomia Tyus, USA 11.08

1972 Valery Borzov, URS  10.14 Renate Stecher, GDR 11.07

1976 Hasely Crawford, TRI 10.06 Annegret Richter, FRG 11.08

1980 Allan Wells, GBR 10.25 Lyudmila Kondratyeva, URS 11.06

1984 Carl Lewis, USA  9.99 Evelyn Ashford, USA 10.97

1988 Carl Lewis, USA  9.92 Florence Griffith Joyner, USA 10.54

1992 Linford Christie, GBR  9.96 Gail Devers, USA 10.82

1996 Donovan Bailey, CAN  9.84 Gail Devers, USA 10.94

2000 Maurice Greene, USA  9.87 Marion Jones, USA 10.75

2004 Justin Gatlin, USA  9.85 Yuliya Nesterenko, BLR 10.93

2008 Usain Bolt, JAM  9.69 Shelley-Ann Fraser, JAM 10.78

Note: The Summer Olympic Games were not held in 1940 and 1944.

2. On a separate sheet of graph paper, draw two graphs to support the sports journalist’s view.

3. Describe features of your graphs that helped you present the journalist’s view effectively.

4. Imagine you are the sports journalist and you are about to publish the graphs in the local 

 newspaper. Write a short journal article that would accompany the graphs.

Complete this digital doc: Code puzzle: The five smallest countries in the world (in area)

Searchlight ID: doc-15911

RESOURCES — ONLINE ONLY
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Answers
Topic 14 Statistics
Exercise 14.2 Sampling

1. a. Categorical b. Numerical c. Numerical d. Numerical e. Categorical

2. a. Continuous b. Continuous c. Continuous d. Discrete e. Discrete

3. a. Nominal b. Ordinal c. Ordinal d. Nominal e. Nominal

4. a. Sample b. Sample c. Population d. Sample e. Population

5. a. Biased b. Biased d. Biased

6.  a. 32 males, 8 females

b. 700 females, 300 males

c. Y12s — 10, Y11s — 15, Y10s — 17, Y9s — 20, Y8s — 20, Y7s — 18

d. 5 girls, 3 boys

7. a. 1–18, randint(1, 18, 4) b. 1–x, randint(1, x, 5) c. 1–x, randint(1, x, 50) d. 1–365, randint(1, 365, 65)

8. D 9. C 10. D 11. randint(1, 365, 7)

12. a. randint(1, 31, 7) b. randint(1, class size, 6) c. randint(1, 860, 35)

13. a. Car       b–e. Answers will vary.

14. a. Answers will vary. b. 182 c. 1400 d. Answers will vary.

15. Answers will vary but should include the following groups.

Categorical data can be:

• nominal — arranged in categories, for example by colour or age

•  ordinal — arranged in categories that have an order; for example, karate ability ranges from white belt (beginner) to black 

belt (accomplished).

Numerical data can be:

• discrete — data can have only particular values, for example amounts of money or shoe sizes

• continuous — data can have any value within a range, for example the time it takes a person to run around an oval.

 16–22. Answers will vary.

Exercise 14.3 Collecting data
1. a. 

1 2 3 4 5 6

Multiple choice Maths test results

Mark

7 8 9

b. Score  
x

Frequency  
f

1 1

2 1

3 4

4 3

5 5

6 6

7 5

8 2

9 3

2. a. 

Cat Dog Fish Bird Reptile

Dot plot of type of pet b. 
Type of pet  

x
Frequency  

f

Cat 6

Dog 6

Fish 1

Bird 2

Reptile 3

c. No, only numeric data can be presented in a stem plot.
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3. a. 
Deaths by motor vehicle accidents 

Rates per 100 000 people x
Frequency  

f

0–<10  2

10–<20 11

20–<30 10

30–<40  3

40–<50  4

50–<60  0

60–<70  1

70–<80  1

  Σf = 32

b. Deaths by motor vehicle accidents per 100 000 people in Australian states from 2008 to 2011

Key: 7 | 3 = 73 deaths per 100 000 people  

Stem Leaf

0 0 9

1 1 2 3 4 4 4 5 7 8 8 9

2 1 2 2 3 4 5 5 6 6 7

3 4 6 6

4 2 2 3 5

5  

6 0

7 1

4. a. 

Brown Blue Hazel Green

Dot plot of eye colour of 40 people

b. 
Score  

x
Frequency  

f

Brown 17

Blue 11

Hazel  7

Green  5

Σf = 40

c. 17 out of 40 people or 42.5% of the people have brown eyes.

5.  a.  Key: 1 | 8 = 18 

Stem Leaf

1 8 9 9

2 0 0 0 1 1 2

 

Not symmetrical. Most scores in low 20s.

b. Key: 1 | 9 = 19  

Stem Leaf

1 9 9

2 0 4 4 5 6 7 9

3 1 1 6 8

4 2 3

 

Not symmetrical.
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c. Key: 33 | 6 = 336 

Stem Leaf

33 6

34 6 6 9

35 0 3 9

36 2 8

37 1

 

Almost symmetrical.

d. Key: 4 | 3 = 43 

Stem Leaf

4 3 4 6 7 8 9

5 2 5

6 7

7 0 7

8 1 2 3 3 4 5 8

 

Almost symmetrical.

e. Key: 1 | 1 = 1.1 

Stem Leaf

1 1 3 5 9

2 4 7 8 9

3 3 6 9

4 1 2 6

 

Not symmetrical.

6. a.  Key: 1* | 8 = 18  2 | 0 = 20 

Stem Leaf

1* 8 9 9

2 0 0 0 1 1 2

b. Key: 1* | 9 = 19  2 | 0 = 20 

Stem Leaf

 1* 9 9

2 0 4 4

 2* 5 6 7 9

3 1 1

 3* 6 8

4 2 3

c. Key: 33* | 6 = 336  35 | 0 = 350 

Stem Leaf

 33* 6

34  

 34* 6 6 9

35 0 3

 35* 9

36 2

 36* 8

37 1

d. Key: 4 | 3 = 43  4* | 6 = 46 

Stem Leaf

4 3 4

4* 6 7 8 9

5 2

5* 5

6  

6* 7

7 0

7* 7

8 1 2 3 3 4

8* 5 8

e. Key: 1 | 1 = 1.1  1* | 5 = 1.5 

Stem Leaf

1 1 3

1* 5 9

2 4

2* 7 8 9

3 3

3* 6 9

4 1 2

4* 6

7. a.  Running times for 40 students 

Key: 4 | 3 = 43 minutes,  4* | 8 = 48 minutes 

Stem Leaf

2   1 3

2* 5 6 6 8 9

3   1 2 2 3 3 3 4

3* 7 7 9 9

4   0 1 1 2 2 3 4

4* 5 5 7 8 8 9

5   2 2 3

5* 5 6 7

6   0 3

6*  

7   1

b. 
Run times x (minutes) Number of runners f

20–<25  2

25–<30  5

30–<35  7

35–<40  4

40–<45  7

45–<50  6

50–<55  3

55–<60  3

60–<65  2

65–<70  0

70–<75  1

Σf = 40

c.  i. 32 min

ii. 30 min to less than 35 min

d. 3, stem plot
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8. Key: 1 | 4 = 1 

1* | 7 = 17 

Stem Leaf

1 4

1* 7 8 8 9

2   0 1 3

2* 5 6 7 9

3   2 4

3* 5 6 7 8

4   2

4* 5

5   3

9. D

10. a. 
Life expectancy  

x (years)
Number of age 

groups  f

83−<84  1

84−<85 20

85−<86  7

86−<87  5

87−<88  3

88−<89  3

89−<90  1

Σf = 40

b. Life expectancy of Australians across  

40 different age groups. 

Key: 86 | 1 = 86.1 years 

Stem Leaf

83 7

84 1 2 3 4 4 5 5 5 5 6 6 6 6 7 7 7 8 8 9 9

85 0 0 1 2 7 8 9

86 0 5 6 8 9

87 1 3 6

88 3 5 8

89 0

c. Answers will vary. Half the people will live to 84, with others living longer.

11. Median age of Australian females and males from 2002 to 2009

Key: 36 | 1 = 36.1 years

Stem Leaf

35   2 3

35* 5 7 9

36   1 1 1

36* 6 9

37   1 3 4

37* 6 6 7

The alternative method — showing categories for 35, 36 and 37 years — is not appropriate as it only allows for 3 groups, 

which is below the 5 minimum groups allowed.

Score  
x

Frequency  
f

35−<36  5

36−<37  5

37−<38  6

Σf = 16

12. a. Row 7
Row 8
Row 9

The pattern is: two dots of the same colour produce a red dot in the row below; two dots of different colour produce a 

black dot in the row below. The last dot in the row is always black.

b. No, there must be a black dot at the end of each row.
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c. No, as the pattern starts to repeat in Row 9 and no rows have all black dots.

d. Yes

13. a. Class 1: 25; class 2: 27

b. Class 1: 2; class 2: 3

c. Class 1: 24; class 2: 20

d. Eleven students in class 2 scored better than class 1 but 6 students scored worse than class 1. Class 2’s results are more 

widely spread than class 1’s results.

14. a. Dots are not aligned vertically. The horizontal scale is not equally spaced.

b. 

8 9 10 11 12 13 14 15 16 17 18 19

15. a.  Key: 15 | 4 = 154 cm 

Boys 
Leaf Stem

Girls  
Leaf

  14 4 8

9 8 6 6 4 15 2 3 5 6

8 4 2 0 16 0 1 1 3 5 8

2 1 17  

0 18  
b. The data could be grouped into smaller intervals, such as 5, instead of 10. For example, the stem value of 2 could be 

broken into two groups, encompassing values 20–24 and 25–29.

16. a.  Key: 25 | 1 = 25.1 g 

Stem Leaf

23 9 9

24 0 5 5 6 8

25 1 1 1 3 4 4 8

26 3 3 7

27 3 3

28 1

29 5

30  

31  

32  

33 2

b. The range is 33.2 − 23.9 =  9.3.

c. Answers will vary but could include that the plot for rounded values provides less detail.

Key: 2 | 4 = 24 g

2* | 6 = 26 g

Stem Leaf

2   4 4

2* 5 5 5 5 5 5 5 5 5 5 6 6 6 7 7 7 8

3   0 3

17. a.  Key: 3 | 2 = 32 km/h

Stem Leaf

1 5

2 0 0 2 7 9 9

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

4 0 0 0 0 0 2 4 5 5 5

5  

6 0
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b. Answers will vary. A possible answer could include that there were a high number of speeds ending in 0 (possibly 

indicating a machine malfunction), and most of the speeds (24 out of 30) were within the legal speed limit.

18. a. Answers will vary.

b. Draw circles of different size with the same centre. Then use the same instructions as for creating a pie chart but mark only 

the lines between the two circles.

c. 

25

23
8

3

2

2

1

3

2

2

3

8

6

75

Bus

Train

Car

Ride

Walk

Methods of travel to school

Monday (inner ring)
Tuesday (middle ring)
Wednesday (outer ring)

d. They are the same graph.

e. Answers will vary.

Challenge 14.1
1296

Exercise 14.4 Displaying data
1. a. 

0
Aerobics

40

20

80

60

120

100

140

Boxing Pilates Spin

Bar chart of gym class participation

Aqua
Aerobics

Step

b. Pie chart of gym
class participation

Aerobics

Boxing

Pilates

Spin

Aqua aerobics

Step

2. a. Continuous b. 24

c. 
Class 

interval
Midpoint  

(class centre) Tally Frequency

5−<10  7.5  |||| |||| | 11

10−<15 12.5  |||| |||| |||| |||| 19

15−<20 17.5  ||||  5

20−<25 22.5 ||  2

25−<30 27.5 |||  3

    Total 40

d. Hours of TV watched
per week

F
re

q
u
en

cy

0
2
4
6
8

10
12
14
16
18
20

7.5
12.5

17.5

Hours

22.5
27.5

3.  a. b. 

F
re

q
u
en

cy

0
2
4
6
8

10
12

4.5
14.5

24.5
34.5

44.5
54.5

Number of phone calls

64.5
74.5

84.5

Number of phone calls made per weekClass 
interval

Midpoint 
(class centre) Tally Frequency

0 − 9 4.5  |||| |  6

10 − 19 14.5  |||| ||  7

20 − 29 24.5  |||| |||  8

30 − 39 34.5  ||||  5

40 − 49 44.5 ||||  4

50 − 59 54.5  |||| |||| || 12

60 − 69 64.5  |||| |||  8

70 − 79 74.5 ||||  4

80 − 89 84.5 ||  2

    Total 56
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4. a. Class 
interval

Midpoint 
(class centre) Tally Frequency

12−15 13.5 ||||  4

16−19 17.5  ||||||  7

20−23 21.5  |||| |||| | 11

24−27 25.5  |||| |||| ||| 13

28−31 29.5 ||||  4

32−35 33.5 —  0

36−39 37.5 |  1

    Total 40

b. 

F
re

q
u
en

cy

0
2
4
6
8

10
12

13.5
17.5

Jacaranda class sizes

21.5
25.5

29.5
33.5

37.5

Class size

5. a. 

0

2

1

4

3

F
re

q
u
en

cy

6

5

1 2 3 4 5 6 7 8

Number of bananas sold

Histogram of number of
bananas sold at recess

b. 

0

2

1

4

3

F
re

q
u
en

cy

6

5

1 2 3 4 5 6 7 8

Number of bananas sold

Frequency polygon of number
of bananas sold at recess

6. a. 

40

20

1 3 5 7 9 11

80

60

N
u
m

b
er

 o
f 

st
u
d
en

ts

120

100

Travel distance (km)

Histogram of distance
travelled

0

b. 

2 4 6 8 10 12

40

20

80

60

N
u
m

b
er

 o
f 

st
u
d
en

ts

120

100

Distance travelled (km)

Frequency polygon of
distance travelled

0

7. D

8. 

2

1

4

3

N
u
m

b
er

 o
f 

jo
u
rn

ey
s

6

7

8

9

10

5

Number of passengers

Histogram of number of passengers
on bus journeys

0 20 40 60 80 100 120 140

9. a. 

0

20

10

40

30N
u
m

b
er

 o
f 

D
V

D
s

60

70

80

90

100

50

M
us

ic
al

D
ra

m
a

Pan
to

m
im

e

H
or

ro
r

A
ct

io
n

R
om

an
ce

Types of DVDs

Bar chart of types of DVDs (20)
b. 

Type of DVD
Number of 

DVDs
Size of sector 
for a pie chart

Musical  52   93.6°

Drama  98  176.4°

Pantomime  30       54°

Horror  10       18°

Action   5         9°

Romance   5         9°

Total 200      360°
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c. Pie chart of types
of DVDs (200)

Musical

Drama

Pantomime

Horror

Action

Romance

10. a. Continuous

b. Class 
interval

Midpoint  
(class centre) Tally Frequency

145−<150 147.5 ||  2

150−<155 152.5 ||||  4

155−<160 157.5  |||| |||  8

160−<165 162.5 |||| ||  7

165−<170 167.5  ||||  5

170−<175 172.5 |||  3

175−<180 177.5 |  1

    Total 30

c. 

F
re

q
u
en

cy

0
1
2
3
4
5
6
7
8

147.5
152.5

157.5
162.5

Heights of Year 9 students

167.5 177.5
172.5

Heights (cm)

d. No. Individual scores are lost when data are grouped into class intervals.

e. B f. D

g. 
Class 

interval
Midpoint  

(class centre) Tally Frequency

145−<148 146.5 | 1

148−<151 149.5 || 2

151−<154 152.5 || 2

154−<157 155.5 |||| 4

157−<160 158.5  |||| 5

160−<163 161.5 |||| 4

163−<166 164.5 ||| 3

166−<169 167.5  |||| 5

169−<172 170.5 || 2

172−<175 173.5 | 1

175−<178 176.5 — 0

178−<181 179.5 | 1

    Total 30

h. 

F
re

q
u
en

cy

0
1
2
3
4
5

146.5
149.5

152.5
155.5

Heights of Year 9 students

158.5 164.5
161.5 167.5

Heights (cm)

170.5
173.5

176.5
179.5

Discuss in class.

11. Yes — change the class intervals.
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12. a. Number of players b. 5

13. Key: 0 | 0 = 0

Leaf 
(Mitch) Stem

Leaf 
(Yani)

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

Mitch scored between 0 and 3 goals inclusive.

Yani scored between 0 and 2 goals inclusive.

14. a. Mitch: 2, Yani: 3

b. Mitch

c. Yani: 11

d. Yani, as he scored goals in more games.

15. a. Key: 3 | 2 = 32

Leaf 
(9A) Stem

Leaf  
(9B)

2 3  

9 4 6

7 4 5 5

8 7 5 5 0 6 0 2 8

3 7 3 3 4 5 7 8

5 8 1

6 9  

b. 9A: 83%, 9B: 92% c. 9A: 2  d, e. Discuss in class. f. 9A: 64.25%; 9B: 68.5%

16. a. C b. D

c. In general the boys are slightly taller than the girls, with the tallest 3 students all being boys.

17. a. Categorical         b.  A column graph or a pie chart

18. The average amount of times per week people used the sunscreen was 5. The minimum amount of times was 2 and the 

maximum amount was 21, although this value was much higher than the rest of the data. Fifty per cent of the people surveyed 

used the sunscreen between 4 and 7 times per week.

Exercise 14.5 Measures of central tendency
1. a. 55, 54, 55 b. 8, 6.88, 8

2. 2.5, 2.55, 2

3. a. 23 b. 116 c. 6.28

4. a. 5 b. 82 c. 2.55

5. a. 143.5, 142.6, 140–149 b. 150.9, 148.5, 150–159

6. a. 25 b. 25.24 c. 25

7. C 8. B 9. D

10. a. Numerical continuous b. 153 c. 157 d. 140–<160

11. a. Numerical discrete b. 45.2 c. 45.25 d. 40–49

12. a. 
Score  

(x)
Frequency  

(  f )
Freq. × score 

(  f × x)

0 1 0

1 3 3

2 6 12

3 3 9

4 3 12

5 1 5

6 1 6

  n = 18 Σfx = 47

x = 2.6
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b. 

Number of people
in household

3210 4 5 6

 2 c. 2

d. i. Median ii. Mean iii. Mode

13. a. B b. $29 444 c. A d. Answers will vary.

14. a. The median was calculated by taking the average of the 2 middle scores.

b. 13

15. Answers will vary.

16. a. 55 250 km, 52 000 km, 52 000 km b. Discuss in class.

c. 51 810 km; it is reduced by 3440 km. d. 52 000 km

e. 3333 f. 50 000 km; 92% last that distance or more.

17. a, b Answers will vary; options include 7, 11 and 8, 10.

c. No; 4 is the mode.

18. a. Answers will vary. b. No

19. 8.93

20. Example:

a. 1, 2, 5, 6, 6 

1 + 2 + 5 + 6 + 6

5
= 20

5
= 4

b. 1, 2, 5, 6, 11 

1 + 2 + 5 + 6 + 11

5
= 25

5
= 5

21. a. 6 b. >6 c. 6 d. >13

22. 13, 31, 31, 47, 53 and 59

Challenge 14.2
3, 5 and 7

Exercise 14.6 Measures of spread
1. a. 31, 18.5 b. 26, 15

2. a. 32 km/h b. 10 km/h c. 7.5 km/h

3. a. i.  107, 56 ii. 35.35

b. i.  0.81, 0.52 ii. 0.28

4. a. 5, 2, 1.24 b. 0, 1, 1.19

5. a. Symmetric b. Symmetric c. Symmetric

d. Negatively skewed e. Negatively skewed f. Positively skewed

6. a. Symmetric b. Positively skewed c. Bimodal

d. Negatively skewed with an outlier

7. The data is positively skewed, with a median of 2, and an interquartile range of 1. The mean is not an appropriate measure of 

centre as it is affected by the outlier.

8. a. Numerical discrete data with a positively skewed distribution

b. Median and interquartile range are best measure of central tendency and spread for a skewed distribution as they are not 

affected by outliers.

c. Median = 11.5 customers, IQR = 8.5 customers

9. D 10. A

11. a. No b. 31–40 c. No

12. Answers will vary.

13. Answers will vary. Possible data sets will have the highest score = Q3 and the lowest score = Q1.

14. a. The same b. Double c. Increase by 25%

15. For example {1, 2, 2, 3, 3, 3, 4, 4, 5}

16. Easter Sunday: mean = 87.7, IQR = 21

Christmas Day: mean = 79.9, IQR = 17.5
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14.7 Review
1. C 2. D 3. C 4. D

5. B 6. D 7. A

8. a. Categorical nominal b. Categorical ordinal c. Numerical discrete d. Numerical continuous

9. a. Sample b. Sample c. Population

10. a. 20 male adults, 10 female adults and 30 teenager members.

b. 8 Year 12s, 12 Year 11s and 20 from Years 7, 8, 9 and 10.

11. a. 

N
o
k
ia

S
am

su
n
g

L
G

B
la

ck
b
er

ry
Mobiles owned by 30 shoppers

Type of mobile

b. Frequency table of mobile brands 

Brand of mobile Number of mobiles

Nokia 11

Samsung 10

LG 6

Blackberry 3

12. a. Key:1 | 2 = 12 songs

Stem Leaf

0 29

1

2

3 145

4 34578

5 469

6 677

7 047

8 29

9 06

10 3

11 1

b. Positively skewed with outliers

c. 
Number of songs Number of laptops

0–19 2

20–39 3

40–59 8

60–79 6

80–99 4

100–119 2

d. Numerical discrete, symmetric distribution, mean = 60 (rounded to the nearest whole number) and 

standard deviation = 27.3

13. a. 

50

100

N
u
m

b
er

 o
f 

p
la

y
er

s

150

200

1000 3000 4000 5000

Salary ($100)

6000 7000 8000 90002000

Histogram of 2004 AFL player salary

0
0
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b. Positively skewed

c. The median is $166 755.

d. The modal class is $100 001 to $200 000.

14. a. 5.6% b. 2% c. 2%

d. In order to give the impression that the pay rise is generous, the company would quote the mean.

e. The trade union would quote the median or the mode, because they would be arguing that the wage rise is too low.

f. The mode is probably the most ‘honest’ reflection of last year’s wage rise, as it represents the situation of most of the 

workers.

15. a. 25 b. 175 c. 2184 d. 2496

16. a. 8, 20 b. 9, 19

17. 3, 4, 5, 6, 7, 10, 10, 13, 14

Investigation — Rich task
1. Stretching the axes vertically gives the impression of a fall in the value of the shares. Stretching the axes horizontally gives 

the impression the value of the shares has not changed very much.

2. 
10.9
10.8
10.7
10.6
10.5
10.4
10.3
10.2
10.1
10.0
9.9
9.8

19
28

19
32

19
36

19
40

19
44

19
48

19
52

19
56

19
60

19
64

19
68

19
72

19
76

19
80

19
84

19
88

19
92

19
96

20
00

No games

Graph of men’s times

Year

T
im

es
 (

s)

   

12.2

12.1

12.8

11.9

11.8

11.7

11.6

11.5

11.4

11.3

11.2

11.1

11.0

10.9

10.8

10.7

10.6

10.5

No games

Graph of women’s times

Year

T
im

es
 (

s)

19
28

19
32

19
36

19
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3. For the women’s graph, stretching the vertical axis and reducing the distance between the values on the horizontal axis gives 

the impression women’s times have fallen dramatically. To show that the men’s times have not fallen greatly, you can reduce 

the distance between the values on the vertical axis and stretch the values on the horizontal axis.

4. Teacher to check.
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