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E4  Measures of Variation Introduction

Learning objectives

This is the last of the four related units on data analysis. The related topic of probability is covered in
Units D1, D2 and D3.

After completing Unit E4 you should be able to

• construct cumulative frequency tables and graphs (curves)

• understand how to use the cumulative frequency curve to estimate the median and upper and
lower quartiles of a set of data

• construct and use box and whisker plots

• calculate the standard deviation of a data set.

Introduction

Two new concepts used to show the spread of data are introduced in this unit. The first is that of the
standard deviation of a data set. This term was first used in the 1890s by Karl Pearson (1857 - 1936),
an influential English mathematician who has been credited with establishing the discipline of
mathematical statistics. In his 'Contributions to the Mathematical Theory of Evolution' in
Philosophical Transactions of the Royal Society A, 185, (1894), 'standard deviation' is used as a
convenient substitute for the rather cumbersome earlier alternative names for the same idea, such as
'root mean square error'. He introduced the use of the Greek symbol sigma σ( ) to represent the
standard deviation of a data set.

The box and whisker plot (or box and whisker diagram, box plot or boxplot) is the second concept
covered in Unit E4. It was introduced by the American mathematician John Tukey (1915 - 2000) in his
1997 book 'Exploratory Data Analysis' and is a simple and very effective method of graphically
depicting groups of numerical data.

Key points and principles

• Finding the median and upper and lower quartiles is an efficient way of obtaining a measure of
the variation of the data from the median.

• You can use cumulative frequency graphs (curves) to obtain estimates for the median and upper
and lower quartiles.

• Box and whisker plots are a very convenient way of comparing two sets of data.

• Standard deviation is another measure of the variation in the data, this time away from the
median.
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Facts to remember

• The cumulative frequency curve starts at the point (a, 0), where a is the start of the first data
group and continues to b, where b is the largest data value (see graph under Glossary of terms);
the cumulative frequency is given as a percentage.

• The cumulative frequency graph will be an S-shaped curve (see graph).

• The median corresponds to the 50% value on the y-axis; the upper and lower quartiles correspond
to the 75% and 25% values, respectively (see graph).

• Box and whisker plots show the smallest and largest data values as well as the lower quartile,
median and upper quartile (see graph).

Glossary of terms

• The cumulative frequency curve (graph) illustrates the cumulative frequency of the set of data.
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• The lower quartile (Q
1
) corresponds to 25% on the y-axis which means that 25% of values are

below this value.

• The median (Q
2
) is the value corresponding to 50% on the y-axis. This means it is the middle

value of the data.

• The upper quartile (Q
3
) corresponds to 75% on the y-axis which means that 25% of values are

above this value.

• A box and whisker plot is a way of illustrating a set of data, showing its smallest and largest
values, median and upper and lower quartiles (see below).

• The standard deviation is a measure of the variation of the data from the mean. It is usually
denoted by σ  and defined by the formula
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