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7 Summarising and interpreting
data

7.1 Overview

LEARNING SEQUENCE
7.1 Overview
7.2 Measures of central tendency
7.3 Measures of spread
7.4 Outliers
7.5 Applications of measures of centre and spread
7.6 Review: exam practice

CONTENT
In this chapter, students will learn to:
• identify the mode from a data set
• calculate measures of central tendency, the mean and the median from a data set
• investigate the suitability of measures of central tendency in various real-world contexts [complex]
• investigate the effect of outliers on the mean and the median [complex]
• calculate quartiles from a dataset [complex]
• interpret quartiles, deciles and percentiles from a graph [complex]
• use everyday language to describe spread, including spread out, dispersed, tightly packed, clusters, gaps,

more/less dense regions and outliers
• calculate and interpret statistical measures of spread, such as the range, interquartile range and standard

deviation [complex]
• investigate real-world examples from the media illustrating inappropriate uses of measures of central

tendency and spread [complex].

Fully worked solutions for this chapter are available in the Resources section of your eBookPLUS at
www.jacplus.com.au.
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7.2 Measures of central tendency
7.2.1 Mean, median and mode
In statistics, a population is a large group of subjects
or objects being studied or investigated.

A sample is a smaller selection of subjects or
objects taken from the population.

Statistical analysis on a sample can often be used
to make generalisations about the population, as long as
the subjects or objects in the sample are selected at random.

Values associated with populations are called
parameters, whereas those associated with samples are
called summary statistics.

The mean
The mean of a population is a theoretical measure of the centre of the entire population. It is not always a
value in a data set; for example, the mean number of dogs in an Australian household is 1.5.

Obtaining the mean of a population is not always practicable, so the mean of a sample is often calculated
instead.

The mean of a population, 𝜇, and the mean of a sample, x, are calculated using the same formula:

𝜇 = sumof all the values in the population

number of values in the population
= ∑ x

N

and

x = sumof all the values in the sample

number of values in the sample
= ∑ x

n
,

where x is a data value, N is the total number of data values in the population and n is the
total number of data values in the sample.

∑ is the summation symbol. The summation symbol,∑ (the Greek capital letter sigma), means to add all
the occurrences of the formula to the right of the summation symbol.

The median
The median is the middle value of the data set by position. It is the value that half the observations are less
than and half are greater than.

The median is also a theoretical measure of the centre of the set of data. It is not always a value in the set
of data.

To calculate the median, arrange the values in the set of data in ascending order.
• For an odd number of values, the median is the middle value. For example, if the data is 6, 7, 9, 10 and

15, then the median is 9.

6, 7 , 9, 10, 15
↑

Median = 9
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• For an even number of values, the median is the mean of the two middle values. In this case the median
may not be an actual data value. For example, if the data is 3, 5, 7, 9, 11 and 17, the median is 8.

3, 5, 7, | 9, 11, 17
↑

Median = 7+ 9

2
= 8

If the set of data contains n values, the position of the median when the values are arranged in numerical
order can be calculated using the formula:

median position = n+ 1

2
.

If, n = 6 then
n+ 1

2
= 6+ 1

2

= 7

2
= 3.5

If, n = 5 then
n+ 1

2
= 5+ 1

2

= 6

2
= 3

The median is half-way between the third and
fourth values.

The median is the third value.

The mode

Data

Numerical dataCategorical data

Ordinal data Nominal data Discrete data Continuous data

The mode is the value that occurs most
often. It is often described as the typical
value of the observations.

The mode can be found for both
numerical and categorical data. (Recall
that categorical data are data that can be
grouped or classified, and numerical data
are data that can be counted or measured.)

Some sets of data have no mode at all.
If all of the values occur only once, there
is no mode.

It is possible for a data set to have more than one mode. A data set with two modes is referred to as
‘bimodal’. A data set with three modes is referred to as ‘trimodal’. A data set with more than three modes is
referred to as ‘multimodal’.

WORKED EXAMPLE 1

Ten Year 11 students were asked how many hours
they spent competing in sport out of school hours.
The results of the survey are: 2, 4, 5, 6, 7, 2, 2, 0, 5, 1.
Calculate the values of:
a. the mean
b. the median
c. the mode
and explain what they tell us about the data.
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THINK WRITE

a. 1. Calculate the sum of all the values in the
data set.

Sum of all the values
= 2 + 4 + 5 + 6 + 7 + 2 + 2 + 0 + 5 + 1
= 34

2. Count the number of values in the data set
(the 0 must be included).

Number of values = 10

3. The mean is the sum of all the values
divided by the number of values.

Mean (x) = sumof all the values

number of values

=
∑ x

n

= 34

10
= 3.4

4. Explain what the mean tells us about the
data.

If the total number of hours spent competing in
sport was shared equally between all ten
students, each student would spend 3.4 hours
competing in sport.

b. 1. Arrange the values in the data set in
ascending order.

0, 1, 2, 2, 2, 4, 5, 5, 6, 7

2. The median is the middle value. Locate the
position of the median.

There are 10 values in the set of data so the

median is the
10 + 1

2
= 5.5th value (mean of

the 5th and 6th values).
0, 1, 2, 2, 2, | 4, 5, 5, 6, 7

3. Determine the median value by calculating
the mean of 2 and 4.

Median = 2 + 4

2

= 6

2
= 3

4. Explain what the median tells us about the
data.

Half of the students compete in more than
3 hours of sport and half of the students
compete in less than 3 hours.

c. 1. The mode is the most common value in the
set of data.

2, 4, 5, 6, 7, 2, 2, 0, 5, 1
Mode = 2

2. Explain what the mode tells us about the
data.

The most common amount of time that
students spend competing in sport is 2 hours.

7.2.2 Measures of central tendency in dot plots and
stem-and-leaf plots
Recall that a list of data may be represented in different formats, such as a dot plot or stem-and-leaf plot.

In a dot plot, each data value is represented as a dot on a number line.
In a stem-and-leaf plot, each data value is split into two components, the stem and the leaf. Data is then

grouped according to its stem.
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WORKED EXAMPLE 2

Calculate the mean of each of the following sets of data. (Give your answer to 1 decimal place.)

a.

98 10 11 12 13 14 15 16 17 18

b. Key : 12|1 = 121

Stem Leaf
12 1 5 9
13 4 7 9
14 8 8
15 2 8
16 3 8
17 2

THINK WRITE

a. 1. Write the list of data
represented in the dot plot.

8, 10, 11, 11, 11, 12, 12, 12, 12, 12, 13, 13, 14, 18

2. Calculate the sum of all the
values in the data set.

Sumof all the values = 8 + 10 + 11 + 11 + 11 + 12 + 12
+ 12 + 12 + 12 + 13 + 13 + 14 + 18

= 169
3. Count the number of values in

the data set.
Number of values = 14

4. The mean is the sum of all the
values divided by the number of
values.

Mean (x) = sumof all the values

number of values

=
∑ x

n

= 169

14
≈ 12.1

b. 1. Write the list of data
represented in the stem-and-leaf
plot.

121, 125, 129, 134, 137, 139, 148, 148, 152, 158, 163, 168, 172

2. Calculate the sum of all the
values in the data set.

Sumof all the values = 121 + 125 + 129 + 134 + 137 + 139
+ 148 + 148 + 152 + 158 + 163
+ 168 + 172

= 1894
3. Count the number of values in

the data set.
Number of values = 13

4. The mean is the sum of all the
values divided by the number of
values.

Mean (x) = sumof all the values

number of values

=
∑ x

n

= 1894

13
≈ 145.7
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7.2.3 Measures of central tendency in frequency distribution tables
Cumulative frequency
Cumulative frequency of a data value is the number of observations that are above or below the particular
value. Cumulative frequency is recorded as a cumulative frequency table.

The final value in a cumulative frequency table will always equal the total number of observations in the
data set. The cumulative frequency table below shows the number of movies watched in the last month by a
group of 30 Year 9 students.

Data x Frequency f Cumulative frequency cf

3 3 3

4 5 3+ 5 = 8

5 7 8+ 7 = 15

6 10 15+ 10 = 25

7 0 25+ 0 = 25

8 5 25+ 5 = 30

Ogives
Data from a cumulative frequency table can be plotted to form a cumulative frequency curve, which is also
called an ogive (pronounced ‘oh-jive’).

To plot an ogive for data that is in class intervals, the maximum value for the class interval is used as the
value against which the cumulative frequency is plotted.

5

0

10
15
20
25
30

1 2 3 4 5
Cumulative frequency curve

6 7 8 9 10
x

cf

Calculating the mean, median and mode from a frequency distribution table
If data are presented in a frequency distribution table, the formula used to calculate the mean is

x = sumof (data values × frequency)
sumof frequencies

= ∑ (x × f )
n

Here, each value (score) in the table is multiplied by its corresponding frequency; then all the f × x
products are added together and the total sum is divided by the number of observations in the set. To find the
median, find the position of each score from the cumulative frequency column. The mode is the score with
the highest frequency.
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WORKED EXAMPLE 3

For the data shown in the frequency distribution table below, calculate the:
a. the mean b. the median c. the mode.

Score (x) Frequency ( f )
4 1

5 2

6 5

7 4

8 3

Total 15

THINK WRITE

a. 1. Rule up a table with four columns
titled Score (x), Frequency ( f ),
Frequency × score ( f × x) and
Cumulative frequency (cf ).

Score
(x)

Frequency
( f )

Frequency ×
score
( f × x)

Cumulative
frequency (cf )

4 1

5 2

6 5

7 4

8 3

Total n = 15

2. • Calculate the values of the
f × x column by multiplying
the frequency by the score in
each row.
In the first row:
f × x = 4 × 1

= 4
• Calculate the total sum of all

the data values by adding all
values in the f × x column.
The total of the f × x column
is 96.

Score
(x)

Frequency
( f )

Frequency ×
score
( f × x)

Cumulative
frequency

(cf )

4 1 4

5 2 10

6 5 30

7 4 28

8 3 24

Total n = 15 ∑( f × x) = 96
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3. Write the rule for the mean. x =
∑( f × x)

n

4. Substitute the known values into
the rule and evaluate.

x = 96

15
= 6.4

5. Answer the question. The mean of the data set is 6.4.
b. 1. Complete the cf column by

calculating the running total of
frequencies. Score

(x)
Frequency

( f )

Frequency ×
score
( f × x)

Cumulative
frequency

(cf )

4 1 4 1

5 2 10 1 + 2 = 3

6 5 30 3 + 5 = 8

7 4 28 8 + 4 = 12

8 3 24 12 + 3 = 15

n = 15 ∑( f× x) = 96

2. Locate the position of the median

using the rule
n + 1

2
, where

n = 15.
This places the median as the 8th
score.

The median is the
15 + 1

2
th or 8th score.

3. Use the cumulative frequency
column to find the 8th score and
answer the question.

The median of the data set is 6.

c. 1. The mode is the score with the
highest frequency.

The score with the highest frequency is 6.

2. Answer the question. The mode of the data set is 6.

7.2.4 Measures of central tendency in real-world contexts
The mean is often called the average in real-world contexts. It is used in scientific research to describe many
different phenomena, from weather patterns to sports statistics. The mean is also used to analyse the results
of students in schools and universities. Examples include: average number of children per household in
Australia, average daily rainfall, average number of goals scored in a game, and average mark on a
mathematics exam.

The median is the middle value of a data set by position, and is often used when the information being
investigated has some extremely high or extremely low values in the data set. The median is not greatly
affected by these extreme values, as it looks at the number of data points, not their values. For this reason,
the median is often used in economics. Examples include median household income and median house price.
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The mode is less commonly used in real-world
contexts, but it can still be a practical and useful way of
describing information. For example, clothing shop owners
will look at the highest-selling clothing size to make
sure they have the most floor stock in that particular size.

Always remember to relate summary statistics back to
real-world contexts, ensuring they have relevance and
meaning. For example, a shoe-shop owner might
determine that she sells a mean of 26.7 pairs of shoes
a day. This can be interpreted as selling, on average,
between 26 and 27 pairs of shoes per day.

7.2.5 Grouped data
For large data sets, it is necessary to group data into smaller sets of data called class intervals. These class
intervals must be the same size and must be set so that each value belongs to one interval only.

Class intervals are written differently for different types of data. Recall that discrete data are numerical
data that can only take certain values (usually whole numbers), and continuous data are numerical data that
can take any value within an interval.

A class interval for:
• discrete data is written showing the minimum and maximum values for the interval (e.g. 10− 20

includes the values between and including 10 and 20, for example 12 or 16)
• continuous data is written like an inequation (e.g. for values of 10 up to values less than

20 (10 ≤ x < 20), the class interval is written 10− < 20.
A frequency table shows the frequency of values appearing in each class interval.
The class interval with the highest frequency is the mode of the grouped data and is called the modal

class.
The midpoint of the class interval is the average of the maximum and minimum values for the class

interval.
The midpoint is used as the representative value for the class interval. It is assumed that half of the data

values will be greater than the midpoint and half will be less than the midpoint.
The mean of grouped data is calculated using the midpoint of each class interval to represent the data

values in the interval.

x = sumof (midpoints × frequency)
sumof frequencies

= ∑ (x × f )
n

where:
x is the midpoint of the class interval
f is the frequency of the class interval
n is the total number of data values
∑ is the summation symbol.
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WORKED EXAMPLE 4

A takeaway food shop is trying to improve its ordering
system. The manager takes a survey of the number of
hamburgers made each day for a month and collects
the data shown in the frequency table. Calculate
the mean number of hamburgers made each day.

Class
interval

Frequency
( f )

0–4 6

5–9 8

10–14 2

15–19 3

20–24 5

THINK WRITE

1. To calculate the mean of grouped
data, a single value is needed to
represent the class interval.
• To calculate the midpoint of the

class intervals, calculate the mean
of the maximum and minimum
values for each class interval.
– For the first class interval 0–4,

x = 0 + 4

2
= 2

– For the second class interval

5–9, x = 5 + 9

2
= 7

Class interval Frequency ( f ) Midpoint (x)

0–4 6 2

5–9 8 7

10–14 2 12

15–19 3 17

20–24 5 22

2. The midpoint will be the
representative value for the interval.
• Add a new column to the table,
x × f, and multiply the midpoint
by the frequency of each class
interval to calculate a value to
represent the sum of all values in
that class interval.
– For the first class interval

0–4, x × f = 6 × 2 = 12

Class interval Frequency ( f ) Midpoint (x) x× f

0–4 6 2 12

5–9 8 7 56

10–14 2 12 24

15–19 3 17 51

20–24 5 22 110

Totals 24 253
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• Calculate the total sum of all the
data values by adding all values
in the x × f column. The total of
the x × f column is 253.

• Calculate the total number of data
values by adding all values in the
frequency column. The total of
the frequency column is 24.

3. Substitute the total of the x × f column
and the total of the frequency column
into the formula for the mean of
grouped data.

x = ∑ (x × f )
n

= 253

24
≈ 10.54

4. Answer the question. The mean number of hamburgers made per day is
approximately 10.54. This means that, on average,
between 10 and 11 burgers are made every day.

Digital documents: SkillSHEET Finding the mean of a small data set (doc-5299)

SkillSHEET Finding the median of a small data set (doc-5300)

SkillSHEET Finding the mode of a small data set (doc-5301)

SkillSHEET Finding the mean, median and mode from a stem-and-leaf plot (doc-5302)

Video eLesson: Mean and median (eles-1905)

Interactivities: Measures of central tendency (int-4621)

Mean (int-3818)

Median (int-3819)

Mode (int-3820)

Exercise 7.2 Measures of central tendency

Note:Where necessary give answers correct to 1 decimal place.

1. WE1 For each of the following data sets, calculate the:
i. mean
ii. median
iii. mode.

a. 3, 3, 4, 5, 5, 6, 6, 7, 8, 8, 8, 9
b. 12, 18, 4, 17, 5, 12, 0, 10, 12
c. 42, 29, 11, 28, 21
d. 8, 2, 5, 6, 9, 9, 7, 3, 2, 9, 3, 7, 6, 8
e. 5, 5, 6, 4, 8, 3, 4
f. 3.7, 3.5, 3.8, 3.8, 3.5
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2. For each of the following data sets, calculate the mean, median and mode.
a. 10, 12, 21, 23, 23, 25, 44 b. 7, 8, 10, 6, 9, 11, 4, 12, 2
c. 50, 44, 50, 46, 50, 48 d. 2.5, 1.4, 1.7, 2.1, 1.4, 1.8, 1.6, 1.7, 2.9

3. MC Which of the following are the mean, median and mode, respectively, of this data set?
1024, 1032, 1067, 1112, 1112, 1178, 1236, 1269, 1290, 13011345, 1357, 1365, 1377, 1400
A. 1269, 1112, 1231 B. 1231, 1269, 1112 C. 1112, 1231, 1269 D. 1231, 1112, 1269

4. The number of students standing in line at the tuck
shop 5 minutes after the start of lunch was recorded
over a 2-week period. The results were as follows:
52, 45, 41, 42, 53, 45, 47, 32, 52, 56. What was the
mean number of students standing in line at this time
for this 2-week period? Round your answer to the
nearest whole number.

5. The police conducted a survey of the speed of cars
down a highway. The lowest and highest speeds
recorded were 91 km/h and 154 km/h respectively.
The average speed was 104 km/h, and the police
found that the speed most commonly recorded was
101 km/h. Half of the cars were also found to be
travelling under 102 km/h. State the value of the
mean, median and mode.

6. WE2a Calculate the mean of the data set displayed below.

2 3 4 5 6 7 8

7. WE2b Calculate the mean of the data set displayed below.
Key: 1|6 = 16 years

Stem Leaf

1 5 6 7 7 8 9 9

2 1 2 4 8 8

3 0 1 1 1 5

4 2 3

5 3
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8. WE3 Calculate the mean, median and mode in each of the following frequency tables.
a.

Score (x) Frequency ( f )

1 12

2 10

3 8

4 7

5 2

b.
Score (x) Frequency ( f )

25 1

26 15

27 11

28 7

29 3

c.
Score (x) Frequency ( f )

1.5 2

2.0 9

2.5 7

3.0 11

3.5 4

9. WE4 Calculate the mean number of DVDs presented
in this frequency table.

Number of DVDs (x) Frequency ( f )

1–15 3

16–30 9

31–45 8

46–60 11

61–75 10

76–90 14

91–105 15

106–120 18

10. Calculate the mean number of calls made on mobile phones in
the month shown in the graph at right.

Number of calls

Monthly mobile phone calls

0

7
6
5
4
3
2
1

Fr
eq

ue
nc

y

150 160 170 180 190 200
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11. The number of goals a netballer scored in the 12 games of a season was as
follows.

1, 1, 1, 1, 2, 2, 2, 3, 3, 3, 8, 12

A local newspaper reporter asked the netballer what his average was for
the season.
a. Which measure of centre (mean, median or mode) should the netballer

give the reporter as his ‘average’ so that the value of the average is
as high as possible?

b. Which measure of centre would you choose to best describe the
‘average’ number of goals the netballer scored each game? Why?

12. Create a data set that fits each of the following descriptions.
a. Five data values with a mean of 3 and a mode of 3
b. Five data values with a mean of 3 and a mode of 4
c. Five data values with a mean of 3 and a median of 2

13. The mean length of three pieces of string is 145 cm. If they are joined together from end to end, what
will their total length be?

14. The median mark for a Science test was 45. No student actually achieved this result. Explain how this is
possible.

7.3 Measures of spread
The spread of a set of data indicates how far the data values are spread from the centre or from each other.
This is also known as the distribution. There are many statistical measures of spread, including the range,
interquartile range and the standard deviation. We can use every day language to interpret the spread, such as
‘spread out’ ‘dispersed’ or ‘tightly packed’.

7.3.1 Quartiles, deciles and percentiles
Data sets can be split up into any given number of equal parts called quantiles. Quantiles are named after
the number of parts that the data is divided into. Deciles divide the data into 10 equal-sized parts, percentiles
divide the data into 100 equal-sized parts, and quartiles divide the data into 4 equal-sized parts.

Percentile Quartile and symbol Common name

25th percentile First quartile, Q1 Lower quartile

50th percentile Second quartile, Q2 Median

75th percentile Third quartile, Q3 Upper quartile

100th percentile Fourth quartile, Q4 Maximum
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A percentile is named after the percentage of data that lies at or below that value. For example, 60% of the
data values lie at or below the 60th percentile.

WORKED EXAMPLE 5

60

70
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50

40

30
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Skips per minute
4 8 12 16 20 24 28 32 36 40
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The following cumulative frequency graph shows the
cumulative frequency versus the number of skips with a
skipping rope per minute for Year 11 students at a school.
Calculate:
a. the median
b. Q1
c. Q3
d. the number of skips per minute for the 40th percentile.

THINK WRITE

a. 1. Determine the total number of subjects.
This is the highest vertical value on the
cumulative frequency curve.

a. 80 students

2. The median occurs at the middle of the
total cumulative frequency, so divide the
total frequency by 2.

The median occurs at the
80

2
= 40th person.

3. Draw a line from 40 on the vertical axis
until it hits the curve. Read down to the
corresponding skips per minute on the
horizontal axis.
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4. Answer the question. The median number of skips per minute is 21.
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b. 1. Q1 occurs at a quarter of the total
cumulative frequency, so divide the total
frequency by 4.

b. Q1 occurs at the
80

4
= 20th person.

2. Draw a line from 20 on the vertical axis
until it hits the curve. Read down to the
corresponding skips per minute on the
horizontal axis.
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3. Answer the question. Q1 is at 10 skips per minute.

c. 1. Q3 occurs at three-quarters of the total
cumulative frequency, so divide the total
frequency by 4 and multiply the result
by 3.

c. Q3 occurs at the
80

4
× 3 = 60th person.

2. Draw a line from 60 on the vertical axis
until it hits the curve. Read down to the
corresponding skips per minute on the
horizontal axis.

60

70
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3. Answer the question. Q3 is at 28 skips per minute.

d. 1. Find the 40th percentile of the cumulative
frequency total, so multiply the total

frequency by
40

100
.

d.
40

100
× 80 = 32nd person.
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2. Draw a line from 32 on the vertical axis
until it hits the curve. Read down to the
corresponding skips per minute on the
horizontal axis.

60

70

80

50

40

30

20

10

Skips per minute
4 8 12 16 20 24 28 32 36 40
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3. Answer the question. The 40th percentile is at 14 skips per minute.

Percentiles can be read off a percentage cumulative frequency curve.

10

0

20
30
40
50
60
70
80
90

100

1 2 3 4 5 6 7 8 9 10
x

%cf

A percentage cumulative frequency curve is created by:
• writing the cumulative frequencies as a percentage of the

total number of data values
• plotting the percentage cumulative frequencies against the

maximum value for each interval.

Data
(x)

Frequency
( f )

Cumulative
frequency (cf )

Percentage cumulative
frequency (%cf )

3 3 3
3

30
× 100

1
% = 10%

4 5 8
8

30
× 100

1
% = 27%

5 7 15
15

30
× 100

1
% = 50%

6 10 25
25

30
× 100

1
% = 83%

7 0 25
25

30
× 100

1
% = 83%

8 5 30
30

30
× 100

1
% = 100%
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WORKED EXAMPLE 6

The mass of eggs in three egg cartons ranges between 55 and
65 grams, as shown in the table below.
a. Draw a percentage cumulative frequency table for the data.
b. Construct a percentage cumulative frequency curve (ogive).
c. Evaluate the 70th percentile and the lower quartile.

Mass (g) Frequency

55–< 57 2

57–< 59 6

59–< 61 12

61–< 63 11

63–< 65 5

THINK WRITE

a. 1. Construct the cumulative
frequency table by calculating
the cumulative frequency for
each class interval, as shown in
blue.

Mass
(g)

Frequency
( f )

Cumulative
frequency

(cf )

Percentage
cumulative

frequency (%cf )

55–< 57 2 2
2

36
× 100

1
% ≈ 6%

57–< 59 6 2 + 6 = 8
8

36
× 100

1
% ≈ 22%

59–< 61 12 8 + 12 = 20
20

36
× 100

1
% ≈ 56%

61–< 63 11 20 + 11 = 31
31

36
× 100

1
% ≈ 86%

63–< 65 5 31 + 5 = 36
36

36
× 100

1
% = 100%

2. Calculate the percentage
cumulative frequency for each
interval by dividing the
cumulative frequency for each
interval by the total cumulative
frequency, as shown in red.
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b. 1. Plot the percentage cumulative
frequency curve. For the first
interval (55–< 57), plot the
minimum value for the interval
(55) against 0%.

10

0

20
30
40
50
60
70
80
90

100

55 56 57 58 59 60
Mass (g)

Pe
rc
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ta

ge
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61 62 63 64 65 66

2. Plot the maximum value for
each interval against the
percentage cumulative
frequency for the interval.
• For the first interval, plot

57 against 6%.
• For the second interval,

plot 59 against 22%.

c. 1. The 70th percentile is read
from the graph by following
across from 70% on the vertical
axis to the curve and then down
to the horizontal axis, as shown
in green.

10

0

20
30
40
50
60
70
80
90

100

55 56 57 58 59 60
Mass (g)

Pe
rc

en
ta

ge
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um
ul
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iv

e 
fr

eq
ue

nc
y

61 62 63 64 65 66

Lower quartile 70th percentile

2. The lower quartile is the 25th
percentile and is read from the
graph by following across the
graph from 25% on the vertical
axis to the curve and then down
to the horizontal axis, as shown
in purple.

3. Answer the question. The 70th percentile is 62 grams.The lower quartile is
59.2 grams.

7.3.2 The range and interquartile range
The range is the difference between the highest and lowest values of the data set. It measures the spread of
the data around the median.
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The interquartile range (IQR) is the range of the middle 50% of the data set. It measures the spread of
the middle 50% of data about the median. The IQR is found by subtracting the lower quartile from the upper
quartile.

IQR = Q3 − Q1

The lower quartile (Q1) is the median of the lower half of the data and the upper quartile (Q3) is the
median of the upper half of the data.

4, 9, 13, 13, 15, 17, 19, 29, 53

Lower  half Upper half

Q1 Q2 Q3 MaxMin

If the median is one of the actual data values, it is not considered to be
in either the upper or lower half of the data.

WORKED EXAMPLE 7

Calculate the range and the IQR for the following data.
26, 32, 15, 12, 35, 27, 22, 31, 38, 20, 41, 26, 17, 29

THINK WRITE

1. Write the data in ascending order. 12, 15, 17, 20, 22, 26, 26, 27, 29, 31, 32, 35, 38, 41
2. The range is found by subtracting the

smallest number from the largest number.
Range = 41 − 12

= 29

3. The median value will split the data into
the top and bottom half.
There are 14 values, so the median is at

the
14 + 1

2
= 7.5th value.

12, 15, 17, 20, 22, 26, 26, | 27, 29, 31, 32, 35, 38, 41

Median = 26 + 27

2
= 26.5

4. List the bottom half of the data. Find the
median of the bottom half of the data.
This is Q1.
There are 7 values, so the median is at the
7 + 1

2
= 4th value.

12, 15, 17, 20, 22, 26, 26
Q1 = 20

5. List the top half of the data. Find the
median of the top half of the data.
This is Q3.
There are 7 values, so the median is at

the
7 + 1

2
= 4th value.

27, 29, 31, 32, 35, 38, 41
Q3 = 32

6. Calculate the IQR. IQR = Q3 − Q1
= 32 − 20
= 12

7.3.3 The standard deviation
The standard deviation, like the IQR, is a measure of the spread of the data. However, the standard
deviation measures the spread of data about the mean. The standard deviation of a population and the
standard deviation of a sample are calculated differently:
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Population standard deviation:

𝜍 =√
∑

(
x−𝜇

)2
N

where:
𝜍 = population standard deviation
x = a data value
𝜇 = the population mean
N = the total number of population data values.

Sample standard deviation:

s =
√√
√

∑
(
x− x

)2
n− 1

where:
s = population standard deviation
x = a data value
x = the sample mean
n = the total number of population data values.

These formulae use the square of the distance between data points and the mean as part of the calculation.
Therefore, a small standard deviation shows that the data is clustered closer to the mean, whereas a large
standard deviation indicates that the distribution is more spread out about the mean. The sample standard
deviation is more commonly used because questions usually involve samples instead of whole populations.

WORKED EXAMPLE 8

The number of lollies in a sample of 8 packets is

11, 12, 13, 14, 16, 17, 18, 19.

Calculate the standard deviation correct to 2 decimal places.

THINK WRITE

1. Calculate the mean. x = 11 + 12 + 13 + 14 + 16 + 17 + 18 + 19

8

= 120

8
= 15

2. To calculate the deviations
(
x − x

)
, set

up a table as shown and complete by
subtracting the mean from each data
value.

No. of lollies (x) (x− x)

11 11 − 15 = −4

12 −3

13 −2

14 −1

16 1

17 2

18 3

19 4

Total
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3. Add another column to the table to
calculate the square of the deviations,
(x − x)2 by squaring each value in the
second column. Then sum the results:
∑(x − x)2.

No. of lollies (x) (x− x) (x− x)2

11 11 − 15 = −4 16

12 −3 9

13 −2 4

14 −1 1

16 1 1

17 2 4

18 3 9

19 4 16

Total ∑(x − x)2 = 60

4. To calculate the standard deviation,
divide the sum of the squares by one less
than the number of data values, then
take the square root of the result.

s =√
∑(x − x)2

n − 1

=√
60

7
≈ 2.93 (correct to 2 decimal places)

5. Interpret the result. The standard deviation is 2.93, which means that
the number of lollies in each pack differs from the
mean by an average of 2.93

Calculations for standard deviation can be completed using different digital technologies, such as
calculators, statistics programs or spreadsheets.

WORKED EXAMPLE 9

The number of chocolate drops in a sample of different
bags was recorded. These values were as follows.

271, 211, 221, 288, 209, 285, 230, 220, 296, 216
Calculate the standard deviation, correct to 1 decimal
place, of the number of chocolate drops in a bag.
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THINK WRITE

1. Enter the data into the digital technology of your
choice. This example will be done in Excel. A

A12

1

2
3

11
12

10
9
8
7
6
5
4

Chocolate drops

230
220

216
296

288
209
285

271
211

221

B C

fx

2. To calculate the sample standard deviation, enter
the formula ‘= STDEV()’ and select the values to
be included in the calculation.

A

SUM

1

2
3

11
12

13

14

15

10
9
8
7
6
5
4

Chocolate drops

230
220

216

=STDEV(A2:A11)

296

288
209

285

271
211

221

B

3. Press Enter to calculate the sample standard
deviation. A

1

2
3

11
12

13

14

15

10
9
8
7
6
5
4

Chocolate drops

230
220

216

35.65903345

296

288
209

285

271
211

221

B
A15

4. Write the answer correct to 1 decimal place. The standard deviation is 35.7.
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Interactivities: Ogives (int-6174)

Range (int-3822)

The interquartile range (int-4813)

The standard deviation for a sample (int-4814)

Exercise 7.3 Measures of spread

1. Put these expressions in order from the one with the smallest value to the one with the largest value:
upper quartile; minimum; median; maximum; lower quartile.

2. WE5 The number of steps per minute runners took at a local park run event was recorded. The
cumulative frequency graph is as shown.

20

0

40
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80

100

120

140

160

180

80 90 100 110 120

Steps per minute

C
um

ul
at

iv
e 

fr
eq

ue
nc

y

130 140 150 160 170 180

Calculate:
a. the median
b. Q1
c. Q3.
d. A local running group invited all people over the 65th percentile to join the group. How many steps

per minute would a runner need to take to be invited to join the running group?
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3. People who train for triathlons run a great distance
every day. The distances (in km) that 60 athletes cover
are indicated in the frequency table shown below.

Class interval Frequency

10–15 3

15–20 7

20–25 12

25–30 18

30–35 14

35–40 6

a. Draw a cumulative frequency curve (ogive) for this data.
b. How many of the distances run were less than 19 km?
c. Determine the median for the data.
d. Calculate the 30th percentile and the upper quartile.

4. WE6 Sometimes when you go through a fast-food outlet drive-through they don’t have your order ready
and you have to wait in the waiting bay for it to be brought out to you. The waiting times of 50
customers were recorded in minutes and seconds, as shown in the table below.

Class intervals Frequency

2:00–< 2:30 3

2:30–< 3:00 2

3:00–< 3:30 8

3:30–< 4:00 8

4:00–< 4:30 9

4:30–< 5:00 7

5:00–< 5:30 2

5:30–< 6:00 4

6:00–< 6:30 0

6:30–< 7:00 2

7:00–< 7:30 2

7:30–< 8:00 1

8:00–< 8:30 2

a. Draw a percentage cumulative frequency table.
b. Construct a percentage cumulative frequency curve.
c. The fast-food outlet claims that 80% of customers spend less than 4 minutes 30 seconds in the

waiting bay. Do you agree or disagree with this statement? Justify your response.
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5. Calculate the range of each of the following sets of data.
a. 4, 6, 8, 11, 15
b. 1.7, 1.9, 2.5, 0.5, 3.1, 1.9, 1.7, 1.6, 1.2
c.

Score(x) Frequency( f )

110 12

111 9

112 18

113 27

114 5

6. WE7 The speed of 20 cars (in km/h) is monitored along a stretch of road that is a designated 80 km/h
zone. Find the range and IQR of the data.
80, 82, 77, 75, 80, 80, 81, 78, 79, 78, 80, 80, 85, 70, 79, 81, 81, 80, 80, 80

7. 30 pens are randomly selected off the conveyor belt
at the factory and are tested to see how long they will
last (values given in hours). Find the range and IQR
of the data.

20, 32, 38, 22, 25, 34, 47, 31, 26, 29, 30, 36, 28, 40, 31,
26, 37, 38, 32, 36, 35, 25, 29, 30, 40, 35, 38, 39, 37, 30
Use the following data set to answer questions 8–10:
171, 122, 182, 153, 167, 184, 171, 177, 189, 175, 128,
190, 135, 147, 171

8. MC What is the range of the data?
A. 67 B. 68
C. 69 D. 70

9. MC What is the IQR of the data?
A. 32 B. 33
C. 34 D. 35

10. WE8 MC What is the sample standard deviation of the data (correct to 1 decimal place)?
A. 19.5 B. 21.3
C. 22.0 D. 24.3

11. a. Calculate the maximum value of a data set if its minimum value is 23 and its range is 134.
b. Calculate the minimum value of a data set if its range is 32 and its maximum value is 101.
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12. Aptitude tests are often used by companies to help them
decide who to employ. An employer gave 30 potential
employees an aptitude test with a total of 90 marks. The
scores achieved are shown below.

67, 67, 68, 68, 68, 69, 69, 72, 72, 73, 73, 74, 74, 75, 75, 77, 78,
78, 78, 79, 79, 79, 81, 81, 81, 67, 82, 83, 83, 83, 86
Only applicants who score above the 80th percentile receive
an interview. Use your knowledge of percentiles to work out how
many interviews the employer will have to run.

13. WE9 The ages of patients (in years) that came into a hospital
emergency room during an afternoon were recorded. Using
a digital technology of your choice, calculate the sample
standard deviation of the data.

14, 1, 3, 87, 27, 42, 19, 91, 17, 73, 68, 83, 62, 29, 32, 2

7.4 Outliers
7.4.1 Calculating outliers
Outliers are extreme values on either end of a data set that appear very different from the rest of the data.
They may be extremely large or extremely small compared to other data values in the set.

Outliers can be calculated by considering the distance a data point is from the mean or median compared
to the rest of the data. If the value of a data point is clearly far away from the mean or median, as well as
from other data points, it may considered to be an outlier. For example, in the data set 2, 2, 4, 6, 7, 7, 100, it
is reasonable to conclude that 100 is an outlier, as it is much larger than the rest of the data and is far away
from the median of 5.

It is not always obvious if a data point is an outlier.
The IQR can be used in a calculation to determine if a data point is far enough away from the median to

be considered an outlier.
To determine if a data point is an outlier, first calculate the upper and lower fences:

Lower fence = Q1 − 1.5 × IQR

Upper fence = Q3 + 1.5 × IQR

where: Q1 is the lower quartile, Q3 is the upper quartile and IQR is the interquartile range.
Any data point below the lower fence is an outlier.
Any data point above the upper fence is an outlier.
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WORKED EXAMPLE 10

Consider the following stem-and-leaf plot.

Key: 1|4 = 14

Stem Leaf
0 1 3
1 0 0 1 3 4 4 4 6 8 9 9
2 2 2 5 5 6 7 8 8 8 9
3 4 5 7 7
4 0 1 1 2 9
5
6
7 1

Calculate the IQR and use this to determine if there are any outliers.

THINK WRITE

1. To calculate the IQR, you must first calculate Q1
and Q3. Start by locating the median. The median is
the middle data value, so the median occurs at the
33 + 1

2
= 17th value.

Stem Leaf
0 1 3

1 0 0 1 3 4 4 4 6 8 9 9

Median

2 2 2 5 5 6 7 8 8 8 9

3 4 5 77

4 0 1 1 2 9

5

6

7 1
Median=25

2. Locate the lower quartile. Q1 is the middle value of
the lower half of the data. There are 16 data values
in the lower group, so Q1 occurs at the
16 + 1

2
= 8.5th value in the lower group.

Stem Leaf
0 1 3

Q1

1 0 0 1 3 4 4 |4 6 8 9 9

2 2 2 5 5 6 7 8 8 8 9

3 4 5 77

4 0 1 1 2 9

5

6

7 1
Q1 = 14
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3. Locate the upper quartile. Q3 is the middle value of
the upper half of the data. There are 16 data values
in the upper group, so Q3 occurs at the
16 + 1

2
= 8.5th value in the upper group.

Stem Leaf
0 1 3

1 0 0 1 3 4 4 4 6 8 9 9

2 2 2 5 5 6 7 8 8 8 9

Q3

3 4 5 | 7 7
4 0 1 1 2 9

5

6

7 1
Q3 = 36

4. Calculate the IQR. IQR = Q3 − Q1
= 36 − 14
= 22

5. Calculate the lower fence. Lower fence = Q1 − 1.5 × IQR
= 14 − 1.5 × 22
= −19

Are there any values below the lower fence? No values are below this point.

6. Calculate the upper fence. Upper fence = Q3 + 1.5 × IQR
= 36 + 1.5 × 22
= 69

Are there any values above the upper fence? There is a value above this point;
therefore 71 is an outlier.

7.4.2 The effect of outliers on the mean and median
Outliers can affect the summary statistics for a sample.

The median is calculated using the number of data points, not the value of each data point. Therefore,
outliers do not have much of an influence on the median.

The mean involves a summation of the values of the data points, so extremely high or low values can
greatly affect the mean.

If outliers are present in a data set, the median is a better measure of central tendency, as it is less affected
by outliers.

WORKED EXAMPLE 11

The number of times employees in a small company took
sick days per year was recorded. The results were as follows.
5, 2, 4, 3, 26, 1, 1, 6, 4, 29, 0, 2, 1
a. Which, if any, of these values could be outliers?
b. For the data set, calculate:

i. the mean
ii. the median.

c. Exclude the outlier(s) in the data set and calculate:
i. the mean
ii. the median.

d. Comment on the difference in results between parts b and c.
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THINK WRITE

a. 1. Arrange the values in ascending order. a. 0, 1, 1, 1, 2, 2, 3, 4, 4, 5, 6, 26, 29
2. Outliers are extreme values on either end of the data

set.
0, 1, 1, 1, 2, 2, 3, 4, 4, 5, 6, 26, 29
26 and 29 are possible outliers.

b. i. 1. Calculate the sum of all the values. b. 5 + 2 + 4 + 3 + 26 + 1 + 1 + 6 + 4 +
29 + 0 + 2 + 1 = 84

2. Count the number of values. Number of values = 13

3. The mean is the sum of all the values divided by the
number of values.

x = 84

13
= 6.5

The mean number of sick days
employees took in a year was 6.5.

ii. 1. Arrange the values in ascending order.
The median is the middle value.

0, 1, 1, 1, 2, 2, 3, 4, 4, 5, 6, 26, 29

2. There are 13 values, so the median is the
13 + 1

2
= 7th value.

0, 1, 1, 1, 2, 2, 3, 4, 4, 5, 6, 26, 29
The median number of sick days
employees took in a year was 3.

c. i. 1. Write out the data set excluding the outliers.
Calculate the sum of all the values.

c. 0, 1, 1, 1, 2, 2, 3, 4, 4, 5, 6
5+2+4+3+1+1+6+4+0+2+1 = 29

2. Count the number of values. Number of values = 11

3. The mean is the sum of all the values divided by the
number of values.

x = 29

11
= 2.6

The mean number of sick days
employees took in a year, when
excluding outliers, was 2.6.

ii. 1. Arrange the values in ascending order.
The median is the middle value.

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

2. There are 11 values, so the median is the
11 + 1

2
= 6th value.

0, 1, 1, 1, 2, 2, 3, 4, 4, 5, 6
The median number of sick days
employees took in a year, when
excluding outliers, was 2.

d. 1. Comment on the difference between the mean in
parts b and c.

d.The mean sick days per year taken by
employees reduced from 6.5 days to
2.6 days when outliers were excluded.
Excluding the large outliers
significantly decreased the mean.

2. Comment on the difference between the median in
parts b and c.

The median sick days per year taken
by employees changed from 3 days to
2 days when outliers were excluded.
Excluding the large outliers did not
significantly change the median.

3. Make a conclusion about the effect of outliers on
the mean and median.

The outliers had a greater effect on the
mean than on the median.
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Exercise 7.4 Outliers

1. The following data represents car sales each month at
a car yard.

12, 9, 15, 10, 11, 23, 14, 8, 6, 11, 13, 15
a. Calculate the IQR.

b. Calculate if there are any outliers.
2. WE10 Consider the following stem plot.

Key: 1 ∣ 6 = 16

Stem Leaf
0 1
1 5
2
3
4 2
5 6 7
6 0 1 4 5 6
7 1 1 2 3 5 7 9
8 2 2 4 4 4 8 8
9 35

Calculate the IQR and use this to determine if there are any outliers.
3. From the following data, calculate the lower and upper fence.

34, 41, 53, 39, 48, 41, 33, 39, 40, 34, 44
4. From the following data: 2.3, 3.1, 3.6, 1.8, 6.7, 4.4, 3.9, 2.8, 3.7, 4.0

a. calculate the lower and upper fence
b. determine if there are any outliers in the data set.

5. The number of swimmers at a pool was recorded over a
fortnight. The number of swimmers was as follows.

56, 69, 59, 113, 9, 100, 80, 111, 94, 77, 57, 166, 101, 96
Determine if any outliers exist and justify your answer
with a calculation.

6. WE11 Below is the data collected during a survey of the
number of pets people own.
2, 1, 0, 3, 1, 1, 2, 1, 2, 3, 3, 2, 0, 2, 1, 2, 3, 4, 1, 2, 1, 1, 3, 3, 1, 3,
2, 1, 2, 2, 2, 3, 21, 1, 2, 3
a. Are there any possible outliers?
b. Calculate the mean and median.
c. Remove any outliers and recalculate the mean and median.
d. Comment on the difference in means and medians in

parts b and c.
7. From the following set of numbers, select possible outliers.

a. 3, 5, 2, 6, 15, 1, 5, 4
b. 21, 33, 44, 34, 27, 3, 29, 30, 6, 31, 25, 36
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8. From the data in question 7, state if the mean would increase or decrease with the outliers taken out of
the data set.

9. From question 7 calculate the mean before and after taking out the outliers.
10. From the following set of numbers, select possible outliers.

a. 0.03, 0.05, 0.07, 0.03, 0.9, 0.03, 0.04
b. −2.3,−3.6,−1.9,−2.1, 5.2,−3.9,−2.7, 6.1,−1.7,−3.3,−2.4

11. From the data in question 10, state if the median would increase or decrease with the outliers taken out
of the data set.

12. From question 10 calculate the median before and after taking out the outliers.
13. MC The mean of a data set was calculated to be 117. The median was calculated to be 107. The data set

has two outliers of 178 and 190. If the outliers were replaced with values of 118 and 120:
A. the median would increase, but the mean would stay the same.
B. the mean would increase, but the median would remain the same.
C. the median would decrease, but the mean would stay the same.
D. the mean would decrease, but the median would stay the same.

14. A statistician investigated the monthly household sales in a suburb over a year. The Q1, median and Q3
were calculated to be 18, 27, and 35 respectively.
a. Prove that 64 houses per month is an outlier.
b. The statistician realised he made a mistake and the outlier of 64 was recorded incorrectly. The actual

value was 46 houses per month. Using your answer from a to help you, explain what would happen
to the values of Q1,Q3 and the IQR if the data point was changed from 64 to 46 houses per month.

7.5 Applications of measures of centre and spread
Besides locating the centre of the data, using the mean or median, any analysis of data must measure the
extent of the spread of the data (range, interquartile range and standard deviation). Two data sets may have
centres that are very similar but be quite differently distributed.

Decisions need to be made about which measure of centre and which measure of spread to use when
analysing and comparing data.

The mean is calculated using every data value in the set. The median is the middle score of an ordered set
of data, so it does not include every individual data value in its calculaion. The mode is the most frequently
occurring data value, so it also does not include every individual data value in its calculation.

The range is calculated by finding the difference between the maximum and minimum data values, so it
includes outliers. It provides only a rough idea about the spread of the data and is inadequate in providing
sufficient detail for analysis. It is useful, however, when we are interested in extreme values such as high and
low tides or maximum and minimum temperatures.

The interquartile range is the difference between the upper and lower quartiles, so it does not include
every data value in its calculation, but it will overcome the problem of outliers skewing data.

The standard deviation is calculated using every data value in the set.
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WORKED EXAMPLE 12

Below are samples of scores achieved by two students in eight Mathematics tests throughout the
year.
John: 45, 62, 64, 55, 58, 51, 59, 62
Penny: 84, 37, 45, 80, 74, 44, 46, 50
a. Determine the most appropriate measure of centre and measure of spread to compare the

performance of the students.
b. Which student had the better overall performance on the eight tests?
c. Which student was more consistent over the eight tests?

THINK WRITE

a In order to include all data values in the calculation
of measures of centre and spread, calculate the
mean and standard deviation.

a John: x = 57, s = 6.41
Penny: x = 57.5, s = 18.62

b Compare the mean for each student. The student
with the higher mean performed better overall.

b Penny performed slightly better on
average as her mean mark was higher
than John’s.

c Compare the standard deviation for each student.
The student with the lower standard deviation
performed more consistently.

c John was the more consistent student
because his standard deviation was
much lower than Penny’s. This means
that his test results were closer to his
mean score than Penny’s were to hers.

Exercise 7.5 Applications of measures of centre and spread

1. The number of M&M’s in 20 packets was recorded by a group of
students.
30, 32, 33, 35, 37, 37, 38,
38, 39, 39, 40, 40, 40, 41,
41, 41, 41, 41, 41, 50
a. Calculate the mean number of M&M’s per packet.
b. Calculate the median number of M&M’s per packet.
c. Calculate the modal number of M&M’s per packet.
d. Based on your calculations, how many M&M’s would you expect to find in a packet?
e. If you were advertising M&M’s, which measure of centre would you use? Explain.

2. Explain how the mean, median and mode for both ungrouped and grouped data are similar and different.
3. a. Calculate the mean and median of the two data sets below.

Data set A: 20, 24, 29, 33, 37, 42, 51, 53, 96
Data set B: 20, 24, 29, 33, 37, 42, 51, 53, 66

b. Comment on the means and medians of the data sets and explain any similarities and differences
you see.

c. Write a short statement to explain when to use the mean as a measure of central tendency and when
to use the median.
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4. WE12 The Mathematics test results for two students over a
year were recorded as follows.
Student A: 49, 52, 51, 50, 54, 49, 100
Student B: 65, 71, 64, 63, 60, 81, 0
a. Determine the most appropriate measure of centre and spread

to compare the performance of the students.
b. Which student had the better overall performance over

the year?
c. Which student was more consistent over the year?

5. Create a data set that fits the following descriptions.
a. 8 data values with a range of 43
b. 6 data values with a lower quartile of 5 and an upper quartile of 12
c. 9 data values with a lower quartile of 7 and an upper quartile of 13

6. A Mathematics teacher wanted to design a question for her class. She wanted the question to have 10
data points, a lower quartile of 14 and an IQR of 20. State a data set that could be used in her question.

7. The number of trees in several different parks was recorded,
and the mean number of trees was calculated to be 15. The
council wanted to determine whether the majority of parks con-
tained close to 15 trees, or whether there was a large difference
in the number of trees. Describe how the council could use a
measure of spread to investigate this problem.

8. The scores below show the number of points scored by two AFL
teams over the first 10 games of the season.

Sydney Swans: 110 95 74 136 48 168 120 85 99 65

Brisbane Lions: 125 112 89 111 96 113 85 90 87 92

a. Calculate the range of the scores for each team.
b. Based on the results above, which team would you say is the more consistent?

9. Two machines are used to put approximately 100 Smarties into
boxes. A check is made on the operation of the two machines.
Ten boxes filled by each machine have the number of Smarties
in them counted. The results are shown below.

Machine A: 100, 99, 99, 101, 100, 101, 100, 100, 101, 108
Machine B: 98, 104, 96, 97, 103, 96, 102, 100, 97, 104
a. Calculate the range in the number of Smarties from

the first machine.
b. Calculate the range in the number of Smarties from the

second machine.
c. Ralph is the quality control officer and he argues that machine A is more consistent in its distribution

of Smarties. Explain why.UNCORRECTED PAGE PROOFS
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10. The following frequency distribution gives the prices paid by a
car wrecking yard for a sample of 40 car wrecks.

Price
(
$
)

Frequency

0 to < 500 2

500 to < 1000 4

1000 to < 1500 8

1500 to < 2000 10

2000 to < 2500 7

2500 to < 3000 6

3000 to < 3500 3

Find the mean and standard deviation of the price paid for these wrecks.
11. The following stem plot represents the lifespan of different animals at an

animal sanctuary.
Determine which measure of centre is best to represent the data set.

Key: 1|2 = 12

Stem Leaf

0 3 5 9

1 2 4 6 8

2 0 1 4 5 5 7 9

3 0 2 6

4

5

6 0 3

12. The following data set represents the salaries (in $000s) of workers at a small business.

45, 50, 55, 55, 55, 60, 65, 65, 70, 70, 75, 80, 220
a. Calculate the mean of the salaries correct to 3 decimal places.
b. Calculate the median of the salaries.
c. When it comes to negotiating salaries, the workers want to use the mean to represent the data and the

management want to use the median. Explain why this might be the case.
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13. A sample of crime statistics over a two-year period are shown in the following table.

Crime Year 1 Year 2

Theft from motor vehicle 46 700 42 900

Theft from shop 19 800 20 600

Theft of motor vehicle 15 650 14 670

Theft of bicycle 4200 4660

Theft (other) 50 965 50 650

a. Calculate the interquartile range and standard deviation (correct to 1 decimal place) for both years.
b. Recalculate the interquartile range and standard deviation for both years after removing the smallest

category.
c. Comment on the effect of removing the smallest category on the interquartile ranges and standard

deviations.
14. Data collected on the number of daylight hours in Alice

Springs is as shown.
10.3, 9.8, 9.6, 9.5, 8.5, 8.4, 9.1, 9.8, 10.0, 10.0, 10.1, 10.0,
10.1, 10.1, 10.6, 8.7, 8.8, 9.0, 8.0, 8.5, 10.6, 10.8, 10.5,
10.9, 8.5, 9.5, 9.3, 9.0, 9.4, 10.6, 8.3, 9.3, 9.0, 10.3,
8.4, 8.9
a. Calculate the range of the data.
b. Calculate the interquartile range of the data.
c. Comment on the difference between the two measures and

what this indicates.

7.6 Review: exam practice
7.6.1 Summarising and interpreting data summary
The mean

• For a small number of scores, the mean is calculated using the formula: x = ∑ x

n
• When the data are presented in a frequency table the mean can be calculated using the formula

x = ∑ fx

n
.

• The mean can also be calculated using the statistical function on your calculator.

Median and mode
• The median is the middle score of a data set, or the average of the two middle scores, when the scores

are arranged in numerical order.
• The mode is the score with the highest frequency.

Summary statistics
• The summary statistics are the mean, median and mode.
• Each summary statistic must be examined in the context of the statistical analysis to determine which is

the most relevant.

Pdf_Folio:36

36 Maths Quest 12 Essential Methods Units 3 & 4 for Queensland

UNCORRECTED PAGE PROOFS



“c07SummarisingAndInterpretingData_print” — 2019/3/23 — 13:53 — page 37 — #37

Range and interquartile range
• The range is the difference between the highest score and the lowest score.
• The interquartile range is the difference between the scores at the lower quartile and the upper quartile.
• The range and interquartile range measure the spread of data around the median.

Standard deviation
• The standard deviation is a measure of the spread of data around the mean.
• The smaller the standard deviation, the smaller the spread of the data set.
• The standard deviation is found using the statistical function on your calculator.
• When the analysis is conducted on the entire population, the population standard deviation is used.
• When the analysis is conducted on a sample of the population, the sample standard deviation is used.

Outliers
• Outliers are extreme values on either end of a data set that appear very different from the rest of

the data.
• Outliers can affect the summary statistics for a sample.
• The median is calculated using the number of data points, not the value of each data point. Therefore,

outliers do not have much of an influence on the median.
• The mean involves a summation of the values of the data points, so extreme high or low values can

greatly affect the mean.
• If outliers are present in a data set, the median is a better measure of central tendency to use, as it is less

affected by outliers.
• The IQR can be used in a calculation to determine if a data point is far away enough from the median to

be considered an outlier.
• To determine if a data point is an outlier, first calculate the upper and lower fences:

Lower fence = Q1 − 1.5 × IQR
Upper fence = Q3 + 1.5 × IQR
where: Q1 is the lower quartile, Q3 is the upper quartile and IQR is the interquartile range.

• Any data point below the lower fence is an outlier.
• Any data point above the upper fence is an outlier.

Exercise 7.6 Review: exam practice

Simple familiar
1. Calculate the mean, median and mode of each of the following data sets.

a. 4, 7, 2, 6, 9, 3, 6
b. 11, 63, 24, 36, 25, 61, 29, 42

Score Frequency

6 2

8 4

10 10
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2. The following data was collected on the number of days
people go away during the holidays.

2, 10, 5, 7, 9, 14, 2, 0, 6, 7, 0, 7, 14, 7, 8, 10, 12, 5, 2, 1,
16, 12, 10
a. Calculate the range of this data.
b. Calculate the mean and median.

3. The screen time per day for a group of 0–14-year-olds is listed in the
table below. Calculate the mean number of minutes of screen time
for 0–14-year-olds.

Age (years) Screen time/day (minutes)

0–2 45

3–5 73

6–8 98

9–11 124

12–14 142

4. Match the following terms with the descriptions below.
Mean Range Median IQR Standard deviation
Mode
a. A measure of spread of the distribution that uses the highest and lowest value only
b. A measure of central tendency that uses the middle value of the data set by position
c. A measure of spread that contains exactly 50% of the distribution
d. A measure of central tendency that uses the sum of all data points divided by the number of data

points
e. A measure of spread that uses the distance from the mean in the calculation
f. The measure of central tendency that uses the most common value

5. Below is a data set showing the number of doors people have in their
houses.

18, 11, 9, 14, 11, 16, 14, 16, 6, 18, 19, 9, 10, 17, 36
a. State the minimum and maximum number of doors, and hence

calculate the range.
b. Calculate the mean and median.
c. Are there any outliers? If yes, remove these and recalculate the

mean and median.
d. Compare your answers to parts a and c.

6. The number of books borrowed by 20 students over the period of a
month is monitored. Determine the mean, median, mode, range and
IQR of the data.

12, 8, 6, 10, 4, 5, 2, 7, 8, 0, 6, 4, 8, 13, 5, 3, 0, 8, 7, 9

Pdf_Folio:38

38 Maths Quest 12 Essential Methods Units 3 & 4 for Queensland

UNCORRECTED PAGE PROOFS



“c07SummarisingAndInterpretingData_print” — 2019/3/23 — 13:53 — page 39 — #39

7. Calculate the mean (to 2 decimal places), median, mode, range and IQR of the following data collected
when the temperature of the soil around 25 germinating seedlings was recorded.
28.9, 27.4, 23.6, 25.6, 21.1, 22.9, 29.6, 25.7, 27.4, 23.6, 22.4, 24.6, 21.8, 26.4, 24.9, 25.0, 23.5,
26.1, 23.6, 25.3, 29.5, 23.5, 22.0, 27.9, 23.6

8. The following data shows the number of ice creams sold nightly over two weeks.
4, 6, 48, 29, 39, 48, 44, 45, 39, 47, 48, 32, 31, 51
Determine if there are any outliers. Justify your answer with appropriate
calculations.
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9. For the dot plot at right, calculate:

0 1 2 3 4 5 6 7 8 9

a. the mean (to 2 decimal places)
b. the median
c. the IQR
d. the standard deviation
e. the range.

10. Consider the following stem plot.
Key: 11|2 = 112

Stem Leaf

5 0 1 2

6 4 5 8 9

7 0 7

8 0 3 3

9 5 5 5 7 8

10 1 1 2 3 4 6 6

11 0 1 3 3 4 5 5 5 7 9

12 1 1 2 2 3 3 4 7

13 2 6 9

Calculate:
a. the mean
b. the median
c. the IQR
d. the standard deviation.

11. A survey of Year 9 students was conducted to find out the average travel time to school. The results (in
minutes) were as follows.
12, 18, 17, 15, 15, 12, 14, 14, 14, 17, 10, 14, 11, 16, 14, 14, 11, 15, 10, 9, 13, 20
a. Calculate the mean, median and mode of this data set.
b. Which measure of centre would you choose as the average travel time? Why?
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12. The price of a return plane ticket from Melbourne to London from nine different airlines is as follows:
$3400, $2800, $3500, $4100, $2900, $5200, $3900, $4000, $4575
a. Determine the minimum, lower quartile, median, upper quartile and maximum.
b. Calculate the interquartile range.

Complex familiar

The test marks for a class of students are shown in the histogram and frequency distribution table below. Use
this information to answer questions 13–16.

0

Test mark

8

6

4

2

Fr
eq

ue
nc

y

5 10 15 20 25 30

Class interval Frequency ( f )

0–< 5 2

5–< 10 2

10–< 15 5

15–< 20 5

20–< 25 6

25–< 30 3

Total 23

13. MC The median test mark for the class falls into which category?
A. 5–10 B. 10–15 C. 15–20 D. 20–25

14. MC The mean of this data, to 1 decimal place, is:
A. 14.3 B. 16.8 C. 22.5 D. 19.3

15. MC The mode of this data is:
A. 5–10 B. 10–15 C. 15–20 D. 20–25

16. MC The range of this data is:
A. 5 B. 15 C. 20 D. 25

Complex unfamiliar

17. A data set contains the numbers 5, 6, 6 and 10. A fifth number is added to the set. If this fifth number is
a whole number, determine the possible values of this fifth number if:
a. the mean is now equal to the median
b. the mean is now greater than the mode
c. the mean is now greater than the range.
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18. Kris and Loren were discussing
the following histogram show-
ing the number of magazines
sold in a convenience store. Kris
said that the best way to describe
the central tendency for maga-
zine sales would be to look at the
median. Loren disagreed and said
to use the mean. Who is correct
and why?

10

5

0
0

15

20

25

Fr
eq

ue
nc

y

5 10 15 20 25 30 35 40 45
Magazine sales

f

x

19. The data set used to generate the histogram relating to magazine sales in question 18 was as follows.
0, 1, 1, 2, 2, 3, 3, 4, 4, 4, 5, 5, 5, 6, 6, 7, 7, 7, 7, 7, 8, 8, 8, 8, 9, 9, 10, 10, 10, 10, 10, 11,
11, 11, 11, 11, 11, 11, 12, 12, 12, 12, 13, 13, 14, 14, 15, 15, 15, 15, 16, 17, 18, 18, 18, 19, 44
Is the 44 magazine sales in a day an outlier? Justify your answer using calculations.

20. Use the data shown to answer the following questions.
Women who gave birth and Indigenous status by states and territories, 2009

Status NSW Vic Qld WA SA Tas ACT NT Aust

Indigenous 2904 838 3332 1738 607 284 107 1474 11 284

Non-Indigenous 91 958 70 328 57 665 29 022 18 994 5996 5601 2369 281 933

a. Calculate the mean births per state/territory of Australia in 2009 for both Indigenous and
Non-Indigenous groups. Give your answers correct to 1 decimal place.

b. Calculate the median births per state/territory of Australia in 2009 for both Indigenous and
Non-Indigenous groups.

c. Calculate the standard deviation (correct to 1 decimal place) and IQR for the data on births per
state/territory of Australia in 2009 for both Indigenous and Non-Indigenous groups.

d. Comment on the measures of centre and spread you have calculated for this data.
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Answer
7 Summarising and interpreting
data
Exercise 7.2 Measures of central tendency
1. a. i. 6 ii. 6 iii. 8

b. i. 10 ii. 12 iii. 12
c. i. 26.2

ii. 28
iii. 11, 21, 28, 29, 42 (no mode)

d. i. 6 ii. 6.5 iii. 9
e. i. 5 ii. 5 iii. 4, 5
f. i. 3.66 ii. 3.7 iii. 3.5, 3.8

2. a. Mean: 22.6; median: 23; mode: 23
b. Mean: 7.7; median: 8; mode:

2, 4, 6, 7, 8, 9, 10, 11, 12 (no mode)
c. Mean: 48; median: 49; mode: 50
d. Mean: 1.9; median: 1.7; mode: 1.4, 1.7

3. B
4. 47
5. Mean: 104 km/h; median: 102 km/h; mode: 101 km/h
6. 4.8
7. 27
8. a. Mean: 2.4; median: 2; mode: 1

b. Mean: 26.9; median: 27; mode: 26
c. Mean: 2.6; median: 2.5; mode: 3.0

9. 73.5
10. 171
11. a. Mean

b. Median. There are two possible outliers of 8 and 12
goals, which were not typical goal numbers for the
netballer. The median is less affected than the mean by
these two atypically high scores, so it is the best measure
to use.

12. Sample responses can be found in the Worked Solutions in
the online resources.

13. 435 cm
14. There must have been an even number of students so the

median would be the average between two test scores.

Exercise 7.3 Measures of spread
1. Minimum, lower quartile, median, upper quartile, maximum
2. a. 110 b. 99

c. 120 d. >117 steps/minute
3. a. cf

x0

10

50
60

20 25 30 35 40

30
20

40

10 15
b. 9
c. 27.5 km
d. The 30 th percentile is 24 km. The upper quartile is

33.5 km
4. a. See the table at the bottom of the page.∗

4a*
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2:00− < 2:30 3 3 6%

2:30− < 3:00 2 5 10%

3:00− < 3:30 8 13 26%

3:30− < 4:00 8 21 42%

4:00− < 4:30 9 30 60%

4:30− < 5:00 7 37 74%

5:00− < 5:30 2 39 78%

5:30− < 6:00 4 43 86%

6:00− < 6:30 0 43 86%

6:30− < 7:00 2 45 90%

7:00− < 7:30 2 47 94%

7:30− < 8:00 1 48 96%

8:00− < 8:30 2 50 100%

Class intervals Frequency Cumulative frequency (cf ) Percentage cumulative frequency (% cf )
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b. cf

x0

10

50
60
70
80
90

100

3.0
0
3.3

0
4.0

0
4.3

0
5.0

0
5.3

0
6.0

0
6.3

0
7.0

0
7.3

0
8.0

0
8.3

0

30
20

40

2.0
0
2.3

0

c. This statement is incorrect because the cumulative
percentage curve show that 80% of customers must wait
over five minutes for their food.

5. a. 11 b. 2 c. 4
6. Range = 15 km/h, IQR= 2 km/h
7. Range = 27 hours, IQR = 8 hours
8. B
9. D

10. C
11. a. 157 b. 69
12. 5
13. 32.0 years

Exercise 7.4 Outliers
1. a. 5

b. 23
2. IQR = 23; outliers are 1 and 15
3. 19 and 59
4. a. 1 and 5.8

b. 6.7
5. 166 is an outlier. (It is above the upper fence of 164.)
6. a. 21

b. Mean: 2.4; median: 2
c. Mean: 1.9; median: 2
d. Mean value lowered, median remained unchanged

7. a. 15 is larger than the rest of the data.
b. 3 and 6 are smaller than the rest of the data.

8. a. Taking 15 out, that is larger than the rest of the data, thus
the mean would decrease.

b. Taking out 3 and 6 that are smaller than the rest of the
data, thus the mean would increase.

9. a. With:
Mean = 5.125
Without:
Mean = 3.71

b. With:
Mean = 26.58
Without:
Mean = 31

10. a. 0.9 is larger than the rest of the data.
b. 5.2 and 6.1 are larger than the rest of the data.

11. a. Taking out 0.9 that is large would therefore decrease the
median.

b. Taking out 5.2 and 6.1 that are large would therefore
decrease the median.

12. a. With:
Median = 0.04
Without:
Median = 0.035

b. With:
Median = −2.3
Without:
Median = −2.4

13. D
14. a. IQR = 35− 18 = 17

Upper fence = Q3 + 1.5 × IQR = 35+ 1.5 × 17 = 60.5
Any value above 60.5 will be an outlier, so 64 is an
outlier.

b. Q
1
, Q

3
, and IQR would remain unchanged.

Exercise 7.5 Applications of measures of centre
and spread
1. a. 39

b. 40
c. 41
d. 40
e. The mode, as it gives the highest number of M&M’s in a

packet
2. The mean of grouped data is calculated using the midpoint

of the class interval, making it an approximation. The mean
of ungrouped data will give an exact value that is not an
approximation. Using both grouped and ungrouped data, a
single value can be obtained for the mean.

The median for grouped data will be a class interval,
rather than an exact value as for ungrouped data.

The mode is calculated the same way for grouped and
ungrouped data: the value with the greatest frequency.

3. a. Data set A: mean: 42.8, median: 37; data set B: mean:
39.4, median: 37

b. The mean of data set A is larger than the mean of data set
B. This is due to the last value being 96 in data set A,
compared to 66 in data set B. The medians of the two
data sets are the same as each data set has the same
number of data values and all data values are the same,
except the last value.

c. The mean or median can be used as good measures of
central tendency when there are no outliers or extreme
values. The median is best to use when there are outliers
or extreme values in the data.

4. a. Student A: median = 51, IQR = 5; student B:
median = 64, IQR= 11

b. Student B
c. Student A

5. Answers will vary. Example answers are shown.
a. 2, 5, 17, 21, 29, 35, 39, 45. (Several different data sets are

possible.)
b. 1, 5, 6, 8, 12, 14. (Several different data sets are possible,

but the numbers in bold must be present in the same
position.)

c. 5, 6, 8, 9, 10, 11, 12, 14, 15. (Several different data sets
are possible.)

6. 5, 10, 14, 21, 22, 23, 31, 34, 35, 40. (Several different data
sets are possible, but the numbers in bold must be present in
the same position.)

7. Calculate the standard deviation. If the standard deviation is
small, then the majority of parks will contain close to 15
trees
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8. a. Sydney = 120
Brisbane = 40
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b. Brisbane since lower range.
9. a. Machine A range: 9 smarties

b. Machine B range: 8 smarties
c. Only 2 boxes out of 10 sampled from machine A contain

less than 100 smarties. The box with 108 smarties causes
the range to be higher than normal.

10.
Price ($) Class centre Frequency

0 to < 500 250 2

500 to < 1000 750 4

1000 to < 1500 1250 8

1500 to < 2000 1750 10

2000 to < 2500 2250 7

2500 to < 3000 2750 6

3000 to < 3500 3250 3

Use the statistical function on a calculator. The sample
standard deviation should be used.
Mean = $1825, sample SD = $797

11. The median, as the data set has two clear outliers
12. a. $74 231

b. $65 000
c. It would be in the workers’ interest to use a higher figure

when negotiating salaries, whereas it would be in the
management’s interest to use a lower figure.

13. a. Year 1: interquartile range = 38 907.5, standard
deviation = 20 382.8
Year 2: interquartile range = 37 110, standard deviation
= 19 389.0

b. Year 1: interquartile range = 31 107.5, standard
deviation = 18 123.5
Year 2: interquartile range = 29 140, standard deviation
= 17 289.2

c. Both values are reduced by a similar amount, but there is
a bigger impact on the standard deviation than the
interquartile range.

14. a. 2.9
b. 1.25
c. The range is less than double the value of the

interquartile range. This indicates that the data is quite
tightly bunched with no outliers.

Exercise 7.6 Review: exam practice
1. a. Mean: 5.3; median: 6; mode: 6

b. Mean: 36.4; median: 32.5;
mode: 11, 24, 25, 29, 36, 42, 61, 63

c. Mean: 9; median: 10; mode: 10

2. a. 16 days
b. Mean: 7.2; median: 7

3. 96.4 minutes
4. a. Range

b. Median
c. IQR
d. Mean
e. Standard deviation
f. Mode

5. a. Minimum: 6; maximum: 36; range: 30
b. Mean: 14.9; median: 14
c. Possible outlier 36; mean: 13.4; median: 14
d. The median was unchanged by removing the outlier,

whereas the mean decreased.
6. Mean: 6.25; median: 6.5; mode: 8; range: 13; IQR: 4
7. Mean: 25.0; median: 24.9; mode: 23.6; range: 8.5; IQR: 3.4
8. 4 is an outlier.
9. a. 3.45 b. 4 c. 3

d. 2.1 e. 7
10. a. 101.0

b. 106
c. 37
d. 23.5

11. a. Mean: 13.9; median: 14; mode: 14
b. Any measure (mean, median, or mode) could be used, as

they all give similar results. However, average usually
refers to the mean.

12. a. 2800, 3150, 3900, 4337.5, 5200
b. 1187.5

13. C
14. B
15. D
16. D
17. a. 3

b. Any number greater than 3
c. Any number from 4 to 12

18. Kris. There is a possible outlier at 40–45, so the median is a
better measure of central tendency, as it is less affected by
outliers than the mean.

19. 40–45 is above the upper fence, so the data value in this
class interval (44) is an outlier.

20. a. Indigenousmean = 1410.5,Non-Indigenousmean =
35 241.6

b. Indigenousmedian = 1156, Non -Indigenous
median = 24 008

c. Indigenous: standard deviation = 1193.8,
IQR = 1875.5
Non-Indigenous: standard deviation = 33 949.03,
IQR = 58 198

d. The median and IQR are probably more appropriate due
to the presence of potential extreme values in the data
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