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MEASURES OF DISPERSION

4.1 Introduction :

You have learnt various measures of central tendency. Measures of central

tendency help us to represent the entire mass of the data by a single value. Can the

central tendency describe the data fully and adequately?.

In order to understand it, let us consider an example. The daily income of the workers

in two factories are :

Factory A        :          35        45        50        65        70        90        100

Factory B        :          60        65        65        65        65        65         70

Here we observe that in both the groups the mean of the data is the same, namely, 65.

(i) In group A, the observations are much more scattered from the mean.

(ii) In group B, almost all the observations are concentrated around the mean.

Certainly, the two groups differ even though they have the same mean. Thus, there

arises a need to differentiate between the groups. We need some other measures

which concern with the measure of scatteredness (or spread). To do this, we study

what is known as measures of dispersion.

4.2 OBJECTIVES

After studying this lesson, you will be able to :

 Explain the meaning of dispersion through examples;

 Define various measures of dispersion     range, mean deviation, variance and

standard deviation;

 Calculate mean deviation from the mean of raw and grouped data;

 Calculate variance and standard deviation for raw and grouped data;

 Illustrate the properties of variance and standard deviation.
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4.3 MEANING OF DISPERSION

To explain the meaning of dispersion, let us consider an example. Two sections

of 10 students each in class x in a certain school were given a common test in

Mathematics (40 maximum marks). The scores of the students are given below:

Section A : 6 9 11 13 15 21 23 28 29 35

Section B: 15 16 16 17 18 19 20 21 23 25

The average score in section A is 19.

The average score in section B is 19.

Let us construct a dot diagram, on the same scale for section A and section B (see

Fig.1)

The position of mean is marked by an arrow in the dot diagram.

Section A

Section B

Fig. 1

Clearly, the extent of spread or dispersion of the data is different in section A

from that of B. The measurement of the scatter of the given data about the average is

said to be a measure of dispersion or scatter.

In this lesson, you will read about  the following measures of dispersion :

(a) Range

(b) Mean deviation from mean

(c) Variance

(d) Standard deviation
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(a) Range :

In the above cited example, we observe that
(i) the scores of all the students in section A are ranging from 6 to 35;

(ii) the scores of the students in section B are ranging from 15 to 25.

The difference between the largest and the smallest scores in section A is 29 (35-6)

The difference between the largest and smallest scores in section B is 10 (25-15).

Thus, the difference between the largest and the smallest value of a data, is termed as

the range of the  distribution.

(b) Mean Deviation from Mean :

In Fig.1, we note that the scores in section B cluster around the mean while in

section A the scores are spread away from the mean. Let us take the deviation of each

observation from the mean and add all such deviations. If the sum is 'large', the

dispersion is 'large'. If, however, the sum is 'small' the dispersion is small.

Let us find the sum of deviations from the mean, i.e., 19 for scores in section A.

Here, the sum is zero. It is neither 'large' nor 'small'. Is it a coincidence ?
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Let us now find the sum of deviations from the mean, i.e., 19 for scores in section B.

Again, the sum is zero. Certainly it is not a coincidence. In fact,  we have proved

earlier that the sum of the deviations taken from the mean is always zero for any

set of data. Why is the sum always zero ?

On close examination, we find that the signs of some deviations are positive and

of some other deviations are negative. Perhaps, this is what makes their sum always

zero.

In both the cases, we get sum of deviations to be zero, so, we cannot draw any

conclusion from the sum of deviations. But this can be avoided if we take only the

absolute value of the deviations  and then take their sum. If we follow this method,

we will obtain a measure (descriptor) called the mean deviation from the mean.

The mean deviation is the sum of the absolute values of the deviations from the

mean divided by the number of items, (i.e., the sum of the frequencies).

(c) Variance :

In the above case, we took the absolute value of the deviations taken from mean to
get rid of the negative sign of the deviations. Another method is to square the
deviations. Let us, therefore, square the deviations from the mean and then take their
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sum. If we divide this sum by the number of observations (i.e., the sum of the

frequencies), we obtain the average of  deviations, which is called variance. Variance

is usually denoted by σ2.

(d) Standard Deviation :

If we take the positive square root of the variance, we obtain the root mean square

deviation or simply called standard deviation and is denoted by σ.

4.4 MEAN DEVIATION FROM MEAN OF RAW AND GROUPED DATA
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Now let us take few examples to explain the above steps.
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4.5 VARIANCE AND STANDARD DEVIATION OF RAW DATA

Example 3 The daily sale of sugar in a certain grocery shop is given below :

Monday     Tuesday     Wednesday    Thursday    Friday     Saturday
75 kg          120 kg         12 kg 50 kg         70.5 kg    140.5 kg
The average daily sale is 78 Kg. Calculate the variance and the standard deviation of
the above data.
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Example 3 The marks of 10 students of section A in a test in English are given

below:

7    10    12    13 15   20   21   28   29   35

Determine the variance and the standard deviation.
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Example 1
The five students in a class take a test. Their scores in points are as follows:

80     76     100     83 100
Let’s look at three possibilities for measuring the spread or variation of a data set.
Note: All three of these measures are nonnegative in value.
1) Range

Range = Max -Min

= highest value -lowest value in the data set

Range = Max -Min = 100 -76 = 24 points
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2) Variance (VAR).
3) Standard Deviation (SD).

Exercises

Find the variance and standard deviation of the following correct to 2 decimal places:

1. a) 10, 16, 12, 15, 9, 16, 10, 17, 12, 15
b) 74, 72, 83, 96, 64, 79, 88, 69
c) £326, £438, £375, £366, £419, £424
Answers
1. a) 7.76, 2.79 b) 97.36, 9.87 c) .£ 1531.22, £39.13
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4.5 Coefficient of Variation (CV).

The Coefficient of Variation (CV) for a data set defined as the ratio of the standard
deviation to the mean:

EXAMPLE: Several measurements of the diameter of a ball bearing made with one
micrometer had a mean of 2.49 mm and a standard deviation of 0.012 mm, and
several measurements of the unstretched length of a spring made with another
micrometer had a mean of 0.75 in. with a standard deviation of 0.002 in. Which of
the two micrometers is relatively more precise?.
Solution: Calculating the two coefficients of variation, we get.

Thus, the measurements of the length of the spring are relatively less variable, which
means that the second micrometer is more precise.
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