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Chapter 9 Probability and single variable data analysis

9I Grouping data into classes

FRINGE

For some data, especially measurements, it makes sense to group the data and then record the frequency
for each group to produce a frequency table. For numerical data, a graph generated from a frequency
table gives a histogram. Like a stem-and-leaf plot, a histogram shows how the data is distributed across
the full range of values. A histogram, for example, is used to display the level of exposure of the pixels
in an image in digital photography. It uses many narrow columns to show how the luminance values are
distributed across the scale from black to white.
Airport bag weights
4
3
2
1
0

0

7.5 12.5 17.5 22.5 27.5

Weight (kg)

■ A frequency table shows the number of values within a set of categories or class intervals.
■ Grouped numerical data can be illustrated using a histogram.
• The height of a column corresponds to the frequency of values in that class interval.
• There are usually no gaps between columns.
• The scales are evenly spread with each bar spreading across the boundaries of the class interval.
• A percentage frequency histogram shows the frequencies as percentages of the total.
■ Like a stem-and-leaf plot, a histogram can show if the data is skewed or symmetrical.
Frequency table
Class Frequency Percentage
centre
frequency

61–65

63

3

12

66–70

68

4

16

71–75

73

6

24

76–80

78

8

32

81–85

83

4

16

Total

25

100

8
7
6
5
4
3
2
1
0

Percentage frequency
histogram
% Frequency

Class

Frequency histogram

Frequency

Key ideas

This histogram shows the distribution of the weight of a number of bags
checked at the airport.
• How many bags had a weight in the range 10–15 kg?
• How many bags were checked in total?
• Is it possible to determine the exact mean, median or mode of the
weight of the bags by looking at the histogram? Discuss.
• Describe the distribution of checked bag weights for the given graph.

Frequency

Let’s start: Baggage check

32
24
16
8
0

0 63 68 73 78 83
Class centres

0 63 68 73 78 83
Class centres

This gap should be half as
wide as the columns
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Grouping data into classes

Example 15 Constructing frequency tables and histograms
The data below shows the number of hamburgers sold each hour by a 24-hour fast-food store during a
50-hour period.
1 10 18 14 20 11 19 10 17 21
5 16 7 15 21 15 10 22 11 18
12 12 3 12 8 12 6 5 14 14
14 4 9 15 17 19 6 24 16 17
14 11 17 18 19 19 19 18 18 20
a Set up and complete a grouped frequency table, using class intervals 0–4, 5–9 etc.
b Construct a frequency histogram.
c How many hours did the fast-food store sell:
i fewer than 10 hamburgers?
ii at least 15 hamburgers?
S OLUTION
a

Class

EXPL ANATION
Class centre

0–4

2

3

5–9

7

7

10–14

12

15

15–19

17

19

20–24

22

6
Total

Create classes and class centres. Record the
number of data values in each interval in the
frequency column.

50

Create a frequency histogram with frequency on
the vertical axis and the class intervals on the
horizontal axis. The height of the column shows
the frequency of that interval.

b
Frequency

Frequency

18
15
12
9
6
3
0
0 2 7 12 17 22
Hamburger sales

c i

3 + 7 = 10 hours

ii 19 + 6 = 25 hours

Fewer than 10 hamburgers covers the 0–4 and 5–9
intervals.
At least 15 hamburgers covers the 15–19 and
20–24 intervals.
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Chapter 9 Probability and single variable data analysis

Exercise 9I

FRINGE
1–5, 7

UNDERSTANDING AND FLUENCY

1

3, 4, 6, 7

4, 6, 7

This frequency histogram shows in how many years the number of international visitors to South
Australia is within a given range for the decade from 2000 to 2009.

Frequency

International visitors
to SA 2000–2009
4
2
0

0 305 315 325 335 345 355 365
Number of visitors
(thousands)

a How many years in the decade were there less than 330 000 international visitors?
b Which range of visitor numbers had the highest frequency?

a

b

Class
interval

Frequency

Percentage
frequency

0–4

1

10

5–9

3

c

10–14

4

d

a−19

b

e

Total

10

f

Class
interval

Frequency

Percentage
frequency

40−49

20

20

a−59

28

b

60−69

12

c

70−79

d

40

Total

100

e

3 This frequency histogram shows in how many books the number of
pages is within a given interval for some textbooks selected from a
school library.
a How many textbooks had between 100 and 200 pages?
b How many textbooks were selected from the library?
c What percentage of textbooks had between:
i 200 and 300 pages?
ii 200 and 400 pages?
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2 Write down the missing numbers in these frequency tables, i.e. find the values of the pronumerals.

6
4
2
0
0 150 250 350 450

Pages
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Example 15

Grouping data into classes

4 The data below shows the number of ice-creams sold from an ice-cream van over a 50-day period.
0 5 0 35 14 15 18
2 2 3 17 3 7 28
1 1 3 9 35 22 7
11 37 37 45 11 12 14

21 21 36 45 2 8
35 7 21 3 46 47
18 36 3 9 2
17 22 1 2 2

a Set up and complete a grouped frequency table using
class intervals 0–9, 10–19 etc.
b Construct a frequency histogram.
c How many days did the ice-cream van sell:
i fewer than 20 ice-creams?
ii at least 30 ice-creams?
d What percentage of days were 20 or more
ice-creams sold?
5 The data below shows the mark out of 100 on the science exam for 60 Year 9 students.
50 67 68 89 82 81 50 50 89 52 60 82 52 60 87 89 71 73 75 83
86 50 52 71 80 95 87 87 87 74 60 60 61 63 63 65 82 86 96 88
50 94 87 64 64 72 71 72 88 86 89 69 71 80 89 92 89 89 60 83
a Set up and complete a grouped frequency table, using class intervals 50–59, 60–69 etc. Include a
percentage frequency column rounding to 2 decimal places where necessary.
b Construct a frequency histogram.
c i How many marks were less than 70 out of 100?
ii What percentage of marks were at least 80 out of 100? Give your answer correct to 1 decimal
place.
6 The number of goals kicked by a country footballer in each of his last 30 football matches is
given below.
8 9 3 6 12 14 8 3 4 5 2 5 6 4 13
8 9 12 11 7 12 14 10 9 8 12 10 11 4 5
a
b
c
d

Organise the data into a grouped frequency table using a class interval width of 3 starting at 0.
Draw a frequency histogram for the data.
In how many games did the player kick fewer than six goals?
In how many games did he kick more than 11 goals?

7 Which one of these histograms illustrates a symmetrical data set and which one shows a skewed
data set?
a
b
30
30
25
20
15
15
10
5
0
0 5 15 25 35 45 55 65
0
0 5 15 25 35 45
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8, 9, 11

PROBLEM-SOLVING AND REASONING

8, 9, 11, 12

8, 10, 11, 13

8 Find the unknown numbers (pronumerals) in these frequency tables.
a
Class
Frequency
Percentage
interval

b

frequency

10–14

a

15

15–19

11

b

20–24

7

c

25–29

d

10

30–34

e

f

Total

40

g

Class
interval

Frequency

Percentage
frequency

0–2

a

2

3–5

9

b

6–8

c

16

9–11

12

d

12–14

e

f

Total

50

g

9 This percentage frequency histogram shows the heights of office towers in a city.
a What percentage of office towers are:
i between 50 m and 100 m?
30
ii less than 150 m?
iii no more than 200 m?
25
iv at least 100 m?
20
v between 100 m and 150 m or greater than 200 m?
15
b If the city had 100 office towers, how many have a height of:
10
i between 100 m and 150 m?
5
ii at least 150 m?
0
c If the city had 40 office towers, how many have a height of:
0 25 75 125 175 225
i between 0 m and 50 m?
Height (m)
ii no more than 150 m?
Percentage frequency

558

10 The data below shows the length of overseas phone calls (in minutes) made by a particular household
over a six-week period.
1.5
8
4
3.6
12.1

1
5.9
12.5
4.5
2.4

1.5
6
10.2
4.5
3.8

1
6.4
10.3
12
4.2

4.8
7
4.5
11
5.6

4
3.5
4.5
12
10.8

4
3.1
3.4
14
11.2

10.1
3.6
3.5
14
9.3

9.5
3
3.5
12
9.2

1
4.2
5
13
8.7

3
4.3
3.5
10.8
8.5

What percentage of phone calls were more than 3 minutes in length? Answer to 1 decimal place.
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Grouping data into classes

11 Explain why you cannot work out the exact value for the mean, median and mode for a set of data
presented in a histogram.
12 What can you work out from a frequency histogram that you cannot work out from a percentage
frequency histogram? Completing Question 9 will provide a clue.
13 Two students show different histograms for the same set of data.
Student A

Student B

8
6
4
2
0

12
9
6
3
0
0

2.5 7.5 12.5 17.5 22.5 27.5

0

7.5

22.5

a Which histogram is more useful in helping to analyse the data?
b What would you advise student B to do differently when constructing the histogram?
—

ENRICHMENT

—

14

The distribution of weekly wages

14 The data below shows the weekly wages of 50 people in dollars.
400
940
740
450

500
384
750
674

552
370
730
725

455
356
766
612

420
345
760
605

424
380
700
600

325
720
700
548

204 860 894 464 379 563 230
540 654 678 628 656 670 725
768 608 576 890 920 874 860
670

a What is the minimum weekly wage and the maximum weekly wage?
b i Organise the data into about 10 class intervals.
ii Draw a frequency histogram for the data.
c i Organise the data into about five class intervals.
ii Draw a frequency histogram for the data.
d Discuss the shapes of the two graphs. Which graph represents the data better and why?
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9J Measures of spread: range and interquartile range
The mean, median and mode are three numbers that help define the centre of a data set; however,
it is also important to describe the spread. Two teams of swimmers from different countries, for
example, might have similar mean race times but the spread of race times for each team could be
very different.

Stage
5.3#
5.3
5.3§
5.2

Let’s start: Swim times

5.2◊

Key ideas

Two Olympic swimming teams are competing in the 4 × 100 m relay. The 100 m personal best
times for the four members of each team are:
Team A 48.3 s, 48.5 s, 48.9 s, 49.2 s
Team B 47.4 s, 48.2 s, 49.0 s, 51.2 s
• Find the mean for each team.
• Which team’s times are more spread out?
• What does the difference in the range of values
for each team tell you about the spread?
■ The range is the difference between the maximum and minimum values
• Range = maximum value − minimum value
■ If a set of numerical data is placed in order, from smallest to largest, then:
• the middle number of the lower half is called the lower quartile (Q1)
• the middle number of the data is called the median (Q2)
• the middle number of the upper half is called the upper quartile (Q3)
• the difference between the upper quartile and lower quartile is called the interquartile range (IQR).
IQR = Q3 − Q1
• if there is an odd number of values, disregard the middle value (the median) before
calculating Q1 and Q3.
■ The range and interquartile range are measures of spread. They describe the dispersion of data in
a data set.
■ An outlier is a value that is not in the vicinity of the rest of the data. It is significantly higher or
lower than the other data values.

Example 16 Finding the range and quartiles for an odd number of data values
The following data values are the results for a school mathematics test.
67 96 62 85 73 56 79 19 76 23 68 89 81
a List the data in order, from smallest to largest.
b Find the range.
c Find the:
i median (Q2)
ii lower quartile (Q1)
iii upper quartile (Q3)
iv interquartile range (IQR)
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S OLUTION

Measures of spread: range and interquartile range

EXPL ANATION
Order the data.

a 19 23 56 62 67 68 73 76 79 81 85 89 96
Q1
Q2
Q3
b Range = 96 − 19
= 77
c i Q2 = 73

ii Q1 =

56 + 62
= 59
2

iii Q3 =

81 + 85
= 83
2

iv IQR = 83 − 59 = 24

Range = maximum value − minimum value
The median is 73. Since there is an odd
number of values, exclude the number 73
before finding Q1 and Q3.
Q1 (the middle value of the lower half) is
halfway between 56 and 62.
Q3 (the middle value of the upper half) is
halfway between 81 and 85.
IQR = Q3 − Q1

Example 17 Finding quartiles for an even number of data values
Here is a set of measurements, collected by measuring the lengths, in metres, of 10 long-jump
attempts.
6.7 9.2 8.3 5.1 7.9 8.4 9.0 8.2 8.8 7.1
a List the data in order, from smallest to largest.
b Find the range.
c Find the:
i median (Q2)
ii lower quartile (Q1)
iii upper quartile (Q3)
iv interquartile range (IQR)
d Interpret the IQR.
S OLUTION
a 5.1 6.7 7.1 7.9 8.2 8.3 8.4 8.8 9.0 9.2
Q1
Q2
Q3
b Range = 9.2 − 5.1
= 4.1
8.2 + 8.3
2
= 8.25 m
ii Q1 = 7.1 m
iii Q3 = 8.8 m

c i

Q2 =

iv IQR = 8.8 − 7.1
= 1.7 m
d The middle 50% of jumps differed by less
than 1.7 m.

EXPL ANATION
Order the data to locate Q1, Q2 and Q3.

Range = highest value − lowest value
Q2 is halfway between 8.2 and 8.3.
The middle value of the lower half is 7.1.
The middle value of the upper half is 8.8.
IQR is the difference between Q1 and Q3.
The IQR is the range of the middle 50% of
the data.
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Chapter 9 Probability and single variable data analysis

Exercise 9J
UNDERSTANDING AND FLUENCY

1

1, 2, 3(½), 4

2, 3(½), 4

3(½), 4

This ordered data set shows the number of hours of sleep 11 people had the night before.
3 5 5 6 7 7 7 8 8 8 9
a Find the range (the difference between the highest and lowest values).
b Find the median (Q2, the middle number).
c Disregard the median then find the:
i lower quartile (Q1, the middle of the lower half)
ii upper quartile (Q3, the middle of the upper half)
d Find the interquartile range (IQR, the difference between the upper quartile and lower quartile).

2 This ordered data set shows the number of fish Daniel caught in the 12 weekends that he went
fishing during the year.
1 2 3 3 4 4 6 7 7 9 11 13
a Find the range (the difference between the highest and lowest values).
b Find the median (Q2, the middle number).
c Split the data in half, then find:
i the lower quartile (Q1, the middle of the lower half)
ii the upper quartile (Q3, the middle of the upper half)
d Find the interquartile range (IQR, the difference between the upper quartile and lower quartile).

Example 16

3 For each of the following sets of data:
i list the set of data in order, from smallest to largest
ii find the range
iii find the median (Q2)
iv find the lower quartile (Q1)
v find the upper quartile (Q3)
vi find the interquartile range (IQR)
a 5 7 3 6 2 1 9 7 11 9 0 8 5
b 38 36 21 18 27 41 29 35 37 30 30 21 26
c 180 316 197 176 346 219 183 253 228
d 256 163 28 520 854 23 367 64 43 787 12 343 76 3 28
e 1.8 1.9 1.3 1.2 2.1 1.2 0.9 1.7 0.8
f 10 35 0.1 2.3 23 12 0.02
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Example 17

Measures of spread: range and interquartile range

4 The running time, in minutes, of 16 movies at the cinema were as follows:
123 110 98 120 102 132 112 140 120 139 42 96 152 115 119 128
a Find the range.
b Find the:
i median (Q2)
ii lower quartile (Q1)
iii upper quartile (Q3)
iv interquartile range (IQR)
c Interpret the IQR.
PROBLEM-SOLVING AND REASONING

5, 6, 8

5–9

6, 7, 9, 10

5 The following data set represents the sale price, in thousands of dollars, of 14 vintage cars.
89 46 76 41 12 52 76 97 547 59 67 76 78 30
a For the 14 vintage cars, find the:
i lowest price paid
ii highest price paid
iii median price
iv lower quartile of the data
v upper quartile of the data
vi IQR
b Interpret the IQR for the price of the vintage cars.
c If the price of the most expensive vintage car increased, what effect would this have on Q1, Q2
and Q3? What effect would it have on the mean price?
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6 Find the interquartile range for the data in these stem-and-leaf plots.
a
b Stem Leaf
Stem Leaf
3 489

17 5 8

4 1488

18 0 4 6 7

5 0369

19 1 1 2 9 9

6 26

20 4 4 7 8

5 ∣ 2 means 52

21 2 6 8
21 ∣ 3 means 21.3

7 Over a period of 30 days, Lara records how
0 1 2 3 4
Number of fairies each day
many fairies she sees in the garden each day.
7 4 8 4 6
Frequency
The data is organised into this frequency table.
a Find the median number of fairies seen in the 30 days.
b Find the interquartile range.
c If Lara changes her mind about the day she saw 5 fairies and now says that she saw 10 fairies,
would this change the IQR? Explain.

5
1

8 Two data sets have the same range. Does this mean they have the same lowest and highest values?
Explain.
9 A second-hand car yard has more than 10 cars listed for sale. One expensive car is priced at $600 000
while the remaining cars are all priced near $40 000. Later the salesperson realises that there was an
error in the price for the expensive car – there was one too many zeros printed onto the price.
a Does the change in price for the expensive car change the value of the range? Give reasons.
b Does the change in price for the expensive car change the value of the median? Give reasons.
c Does the change in price for the expensive car change the value of the IQR? Give reasons.
10 a Is it possible for the range to equal the IQR? If so, give an example.
b Is it possible for the IQR to equal zero? If so, give an example.
ENRICHMENT

—

—

11

How many lollies in the jar?

11 The following two sets of data represent the number of jelly beans found in 10 jars purchased from
two different confectionery stores, A and B.
Shop A: 25 26 24 24 28 26 27 25 26 28
Shop B: 22 26 21 24 29 19 25 27 31 22
a Find Q1, Q2 and Q3 for:
i shop A
ii shop B
b The top 25% of the data is above which value for shop A?
c The lowest 25% of the data is below which value for shop B?
d Find the interquartile range (IQR) for the number of jelly beans in 10 jars from:
i shop A
ii shop B
e By looking at the given sets of data, why should you expect there to be a significant difference
between the IQR of shop A and the IQR of shop B?
f Which shop offers greater consistency in the number of jelly beans in each jar it sells?
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