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Y

~ Objectives

% To compute the range, variance, and standard deviation

i % Understand Standard Deviation and Variance
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The concept of variability (also referred to as dispersion or spread) is as

vague as the concept of central tendency. And vague concepts lead to

different measurement ideas. The same issues that are important in

evaluating measures of location are meaningful in evaluating measures of
. dispersion.
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The concept of variability (also referred to as dispersion or spread) is as
vague as the concept of central tendency. And vague concepts lead to
different measurement ideas. The same issues that are important in
evaluating measures of location are meaningful in evaluating measures of
dispersion.
s Because the mean is the
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Range

The range is the simplest measure of dispersion. It does not provide
much depth or understanding of the measure of spread and does not
use the deviation concept.

Definition

The range is the difference between the largest and smallest data values.
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Example 4.8

Calculate the range of the following data set.

4.6,16.9.24.8.0.12, 1

| Solution

| The largest value equals 24 and the smallest value equals 0. Thus. the 1ange is calculated as follows.

|
i Range =24 0=24
!
!
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The problem with the range is that it is also affected by outliers, and
it does not bring all the information in the data directly to bear on the
problem of measuring variation. That is, the range only uses two
values (the largest and smallest) to measure spread rather than all of
the observations. The other measures of dispersion discussed in this
lesson are generally more appropriate measures of spread.
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Mean Absolute Deviation

One of the ways of obtaining information about the spread of the data is to

analyze the deviations from the mean. Instead of adding the raw deviations,

suppose the absolute values of the deviations (which can be interpreted as

distance from the mean) are summed and divided by the number of deviations.
This new measure computes the average distance from the mean for the data set.
This measure is called the mean absolute deviation. If data set A has a larger
average deviation than B, then it is reasonable to believe that data set A has more

variability than data set B. =
Formula: Mean Absolute Deviation

The sample menn absolute deviation (MAD) 15 given by

haAD
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[ Example 4.10 !
| Suppose the valus 200 is addad to the data set ziven m Example 4.9,

| The mean is drastically affected. mncreasing from 8.3 to 35.7 In Table 4. 10 we reda the baste calculations for the mean

absolute devation. What eflecl. iy, does the value ol 200 have o (ke WMAD?

Tabie 4710 = Calculang Mean Abeokite Deviaton

The MAD changes dramatically,

| Aata iatinn xi—i n v 1 X . 3

| Cats | Deviation = -7 | Absclute Devabon (xi x| increasing to 328.57/7 or 46.9.
4 4057 i Therefore, the mean absolute
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deviation is sensitive to outliers

e e | and is not a resistant measure.
| = o The mean absolute deviation is a
| Q_: ZT very i_ntuitive measure of
Fro e — variation
Tetel 1285
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Variance and Standard Deviation

The variance and standard deviation are the most common measures
of variability.

Since the standard deviation is computed directly from the variance,
our discussion will center on the variance.

Like the MAD, the variance and standard deviation provide
numerical measures of how the data vary around the mean.

If the data are tightly packed around the mean, the variance and
standard deviation will be relatively small.

On the other hand, if the data are widely dispersed about the mean,
- the variance and standard deviation will be relatively large.
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Formula: Variance

The variance of a data s¢ contannag the complete sei of population data 15 @ven by

Y z=p)}
% N :

| »
L

where i i5 the popuiation mean of the dasa sar. N is the size of the population. and o, 1 a partienlar value in
the diata st o Is pronennced sigma squared. and is called the popuiation variance.

The variance of 5 data set contaimng sample dnta 15 given by
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[ Example 4.11 |

!
‘ Given the following times in minutes of six persnns mnning a 100Hkmeter cowsc. compnte the sample varirnce.

4.]10.9.11.9.7

Table 4.11 — Calcidating 'the Samele Vanance
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Definition

The standard deviation js the sqpuare root of the vaniance.

| o=vo? the population standard deviation

s=1v/s¢ the sample standard deviation
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It is important to remember these symbols (¢ and s) since the standard deviation is a
| fundamental statistical concept.

The standard deviation can be used to measure how far data values are from their mean. You
- will often see the majority of data values within one standard deviation of the mean. Further,
relatively few data values will be more than two standard deviations from the mean.

The variance and standard deviation both suffer from the same problem as the mean: they are
very sensitive to outliers.

Suppose the value 200 was added to the data in Example 4.11. The sample variance would
increase from 6.268 to 5253.238.The new sample variance (which includes the outlier 200)
 then is 838 times as large as the original variance. The standard deviation increases from 2.50
to  72.50. The presence of the outlier tarnishes the interpretation of the standard deviation as
a measure of variability.
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Another interesting property of the variance is that values further from the mean
contribute a disproportionate amount to the value of the statistic.

In Example 4.11, one data point, 4, which is 4.3 units from the mean, contributes
59% of the variation in the data (see the column labeled "% of Total Squared Deviation"
in Table 4.11). Compare this to the data point 7, which is 1.3 units from the mean, yet
only contributes 5.39% of the total variation. The reason that 4 contributes so heavily to
the total variation is because the deviations are squared. By squaring the deviations,
values further from the mean have disproportionate effects on the sum of the squared
deviations.

While there are a number of descriptive tools available for summarizing variability, the
variance and standard deviation are the most frequently used statistics.
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