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Learning objectives

After completing Unit E3 you should be able to

• calculate the mean, mode, median and range for a set of discrete data

• use tally charts and tables to calculate the mean of a data set

• undertake calculations with the mean

• calculate or estimate mean, mode and median from a set of grouped data.

The sections in this unit provide an important foundation for further work in Statistics, both in the
next unit and in further study.

Introduction

The British civil servant, mathematician and scholar, Sir Thomas Heath (1861 - 1940) wrote in his
History of Greek Mathematics, Volume 1, that Pythagoras "discovered the dependence of musical
intervals on numerical rations, and the theory of means was developed very early in his school with
reference to the theory of music and arithmetic. ...[There] were three means, the arithmetic, the
geometric and the subcontrary."

Mean  is often used as an abbreviation for arithmetic mean. This is not a new practice - for example,
see Thomas Simpson's 'On the Advantage of Taking the Mean of a Number of Observations',
Philosophical Transactions of the Royal Society of London 1755.

The arithmetic mean has played an important role in the combination of observations since the time of
Galileo. In the Theoria Motus (Theory of the Motion of Heavenly Bodies moving around the Sun in
Conic Sections) (1809), Gauss took it as axiomatic that the arithmetic mean affords the most probable
value of the unknown. This has been called the postulate of the arithmetic mean (E T Whittaker and G
Robinson, Calculus of Observations (1924).

Note that the arithmetic mean of two numbers, a, b, is defined as x
a b
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 whereas the geometric

mean is defined as x ab=  and the harmonic mean as x  where
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Only where a b=  are the three values for the mean equal.

In this unit, the word 'mean' refers to the arithmetic mean.

Median  was used in English by Francis Galton, an English Victorian polymath, in Report of the
British Association for the Advancement  of Science [Tables and discussion of range in height, weight
and strength] in 1881: "The Median, in height, weight, or any other attribute, is the value which is
exceeded by  one-half of an infinitely large group, and which the other half fall short of."

Mode  was coined by Karl Pearson (1857 - 1936). He used the term in 1895 in 'Contributions to the
Mathematical Theory of Evolution. II. Skew Variation in Homogeneous Material," Philosophical
Transactions of the Royal Society of London. "I have found it convenient to use the term mode for the

*



2©  CIMT, Plymouth University

Mathematics SKE,  Strand E        UNIT E3  Measures of Central Tendency:  Introduction

E3 Measures of Central Introduction
Tendency

abscissa corresponding to the ordinate of maximum frequency. Thus the 'mean', the 'mode' and the
'median' have all distinct characters."

Key points and principles

• 'Mean', 'median' and 'mode' are all measures of the average of a set of data; we call them
 measures of  central tendency

• You should realise that, although the mean, median and mode each represent an average for the
data set, it is important to understand the context in any particular case, in order to appreciate
which one is the most appropriate to use.

• The 'range' is one measure of the spread or variation of the data in a data set; we call this a
measure of variation.

Facts to remember

• To find the median, you need first to put the data into numerical order and then to identify the
middle value (if there is an odd number of values) or take the mean of the middle two values (if
there is an even number of values).

• The mode is the value that has the highest frequency.

Glossary of terms

Mean - the arithmetic mean, obtained by adding together all the numbers in a set of data and
dividing by how many numbers there are in the set.

For example, the mean of a set of numbers, x x xn1 2, , . . . ,  is calculated from the formula

mean =
x x x

n
n1 2, , . . . ,

So, for the data set  { 5,  7,  2,  5,  1,  2,  3,  5,  6 },

the mean value =
+ + + + + + + +( )

= =
5 7 2 5 1 2 3 5 6

9
36
9

4 .

Median - the median is the middle value when the values are listed in numerical order.

For example, for the data set { 5,  7,  2,  5,  1,  2,  3,  5,  6 }, the numerical order is

1,  2,  2,  3,  5,  5,  5,  6,  7

↑
middle value

and so the median  = 5 .
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Note that if there are an even number of values in the data set, the median is the mean
of the middle two values.

For example, for the data set  { 5,  7,  2,  5,  1,  2,  3,  5 }, the numerical order is

1,  2,  2,  3,  5,  5,  5,  7

↑
middle value

and so the median  =  
3 + 5( )

=
2

4 .

Mode - the mode is the numerical value that has the highest frequency in a set of data, that is, the
value that occurs most often.

For example, for the data set { 5,  7,  2,  5,  1,  2,  3,  5,  6 }, you can write the values as

The mode is 5, as it has the highest frequency (3).

Range - the range is the difference between the highest and the lowest values in the data set.

For example, for the data set { 5,  7,  2,  5,  1,  2,  3,  5,  6 },

the range is  7 1 6− = .

Value 1 2 3 4 5 6 7

Frequency 1 2 1 0 3 1 1
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