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Measures of Dispersion

and Variability

In addition to a measure of central tendency, it is generally desirable to have a measure
of dispersion of data. A measure of dispersion, or a measure of variability, as it is
sometimes called, is an indication of the clustering of measurements around the center
; of the distribution, or, conversely, an indication of how variable the measurements
are. Measures of dispersion of populations are parameters of the population, and the
sample measures of dispersion that estimate them are statistics.

4.1 The Range

The difference between the highest and lowest measurements in a group of data is
termed the range. If sample measurements are arranged in increasing order of magni-
tude, as if the median were about to be determined, then

sample range = X, — X,. ‘ 4.1)

Sample 1 in Example 4.1 is a hypothetical set of data in which X; = 1.2gand X, =
2.4 g. Thus, the range may be expressed as 1.2 to 2.4 g, oras24g —12g=12¢g
(We might bear in mind that X, is really within the limits of 1.15 to 1.25 g and X, is
really 2.35 to 2.45 g, so that the range of the sample would be expressed by a few
authors as 2.45g — 1.15 g = 1.3 g.) Note that the range has the same units as the
individual measurements.

The range is a relatively crude measure of dispersion, inasmuch as it does not take
into account any measurements except the highest and the lowest. Furthermore,
since it is unlikely that a sample will contain both the highest and lowest values in the
population, the sample range usually underestimates the population range; therefore,
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Example 4.1 Calculation of measures of dispersion for two hypothetical

samples.
Sample 1
X (g) Xi—X(@ |.X: — X|(2) X; — X2 (8%
1.2 —0.6 0.6 0.36
1.4 —0.4 0.4 0.16
1.6 —0.2 0.2 0.04
1.8 0.0 0.0 0.00
2.0 0.2 0.2 0.04
2.2 0.4 0.4 0.16
2.4 0.6 0.6 0.36
3 X =1268 SX—-X=00g X|X-—X=24g T X—X)2
=1.12g2
= “sum of squares”
12.6g _
=== 1.8g |
range = X7 — X1 =24g—12g=12¢
L X —X|_24g_
mean deviation = &= —= = 7.5 =034g
2
)Y - IX) = L1287 _ 0.1867 g2
=4/0.1867gZ =043 g
Sample 2
Xi(® Xi— X (@ |X: — X|(8) X — X)2 g%
1.2 —0.6 0.6 0.36
1.6 ’ —-0.2 0.2 0.04
1.7 -0.1 0.1 . 0.01
1.8 0.0 0.0 0.00
1.9 0.1 0.1 ) 0.01
2.0 0.2 0.2 0.04 :
2.4 0.6 0.6 0.36 !
2 Xi=126¢g 3 (Xi—X)=00g SXx— X =18¢g 2 (X — X)? '
= (.82 g2 “
= “sum of squares” g
- _126¢g
X = —7—-— =18¢g

range = X7 — X1 = 24g—12g=12g
Z|Xt—)?|_l.8g_

2

oML IX) = 0828 _ 0136752

= 4/0.1367g%? =0.37g

mean deviation =

—_————
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it is a biased and inefficient estimator. Nonetheless, it is useful in some circumstances
to present the sample range as an estimate (although a poor one) of the population
| range. Taxonomists are frequently concerned, for example, with having an estimate of
i what the highest and lowest values in a population are expected to be. Whenever the
range is specified in reporting data, however, it is usually a good practice to report
another measure of dispersion as well. The range is applicable to ordinal, interval,
and ratio scale data.

4.2 The Mean Deviation

As is evident from the two samples in Example 4.1, the range conveys no informa-
tion about how clustered about the middle of the distribution the measurements are.
Since the mean is so useful a measure of central tendency, one might express dis-
persion in terms of deviations from the mean. The sum of all deviations from the mean,
ie, 3 (X, — X), will always equal zero, however, so such a summation would be
useless as a measure of dispersion (see Example 4.1).

To sum the absolute values of the deviations from the mean results in a quantity
that is an expression of dispersion about the mean. Dividing this quantity by » yields
a measure known as the mean deviation, or mean absolute deviation of the sample.
In Example 4.1, sample 1 is more variable (or more dispersed, or less concentrated)
than sample 2. Although the two samples have the same range, the mean deviation,
calculated as

) sample mean deviation = Z_')_(n;ﬂ, 4.2

expresses the differences in dispersion. Mean deviation can also be defined by using
the sum of the absolute deviations from the median rather than from the mean.

4.3 The Variance

Another method of eliminating the signs of the deviations from the mean is.to
square the deviations. The sum of the squares of the deviations from the mean is
called the sum of squares, abbreviated SS and is defined as follows:

sample SS = 3} (X, — X)2 4.3)

The mean sum of squares is called the variance (or mean square, the latter being short
for mean squared deviation), and for a population is denoted by o (“sigma squared,”
using the lowercase Greek letter): :

ot = 2B “.5)
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