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Measures of Dispersion
Definition:

It is hardly fully representative of a mass, unless we know the manner in
which the individual items scatter around it. A further description of the series is

necessary if we are to gauge how representative the average is.

of the variables about a central value.”

“Dispersion is the measure of the variation of the ftems.”
—A.L. Bowley

“Dispersion is a measure of the extent to which the
individual items vary.” —L.R. Connor

“Dispersion or spread is the degree of the scatter or variation

—B.C. Brooks and W.F.L. Dicks

“The degree to which numerical data tend to spread about
an average value is called the variation or dispersion of the
data.” —Spiegal

Importance or Significance of Measures of Dispersion:

Scanned with CamScanner



The reliability of a measure of central tendency is known.
1. Measures of Dispersion provide a basis for the control of variability.
2. They help to compare two or more sets of data with regard to their variability.
3. They enhance the utility and scope of statistical techniques.

The Usual Measures of Dispersion:
The usual measures of dispersion, very often suggested by the statisticians,

are exhibited with the aid of the following chart:

Measures of Dispersion

!

Algebrn!c Measures

!

Absolute Measures

Graphical Measure

'

Relative Measures

' '

Range Quartile _
’ deviation deviation deviation

' R

Standard Mean

!

' '

L

CoefTi- Coeffi- CoefTiciemt  CoefTicient
cientof cient of of Quartile of Mean
Range Variation Deviation Deviation

Difference between the Absolute measure and Relative Measure:

Absolute measure

Range

Quarlile devialion

Mean Deviation (about Mean)
Median Deviation (about Median)
Mode Deviation (about Mode

Standard deviation and Variance

Relative measure

Co-efficient of Range

Co-efiicient of Guartiie Deviation
Co-efficient of Mean Deviation (about
Mean)

Co-efficient of Median Deviation (about
Median)

Co-efficient of Mode Deviation (about
Mode)

Co-efficient of Variation

Absolute Measures of Dispersion:

Range

Definition: Range is the difference between the greatest (largest) and the smallest

of

the values.
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In Symbols, Range = L-S.
L- Largest Value
S- Smallest Value

In individual observations and discrete series, L and S are easily identified. In
Continuous series, the following two method are followed.

Method-l
L- Upper boundary of the highest class

S - Lower boundary of the lowest class

Method-2
L - Mid value of the highest class

S - Mid value of the lowest class
|=[1[]<4[]
Uses of Range:

1. Range is used in finding the control limits of mean chart and Range chart in S.Q.C.

2. While Quoting the prices of shares, bonds, gold, etc. on daily basis or yearly basis,
the minimum and the maximum prices are mentioned.

3. The minimum and the maximum temperature likely to prevail on each day are
forecasted.

Merits:

1. Itis simple to understand and easy to calculate.
2. It can be calculated in no time.

Demerits:

1. Its definition does not seem to suit continuous series.

2. Itis based on the two extreme items. It does not consider the other items.

3. ltis usually affected by the extreme items.

4. It cannot be manipulated algebraically. The Range of combined set cannot be
found from the range of the individual sets.

5. It does not have sampling stability.

6. It cannot be calculated from open-end class intervals. It is a very rarely used

measure. Its Scope is limited.

Quartile Deviation (Q.D)

Definition : Quartile Deviation is half of the difference between the first and the
third quartiles. Hence it is called Semi Inter Quartile Range.
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In Symbols, @.D = 22—

Coefficient of Quartile Deviation = 9-0
0, + 0,

Merits:

1. Itis simple to understand and easy to calculate.
2. Itis not affected by extreme items.
3. It can be calculated for data with open and classes also.

Demerits:

1. Itis not based on all items. It is based on two positional values Qs and Qs and
ignores the extreme 50% of the items.
2. It cannot be manipulated algebraically.
3. ltis affected by sampling fluctuations.
4. Like range, it does not measure the deviation about any measure of central
tendency.

Mean Deviation or Average Deviation:

Definition: Mean deviation is the arithmetic mean of the absolute deviations of the
values about their arithmetic mean or median or mode.

M.D. is the abbreviation for Mean Deviation. There are three kinds of mean deviations,
Viz.,

1. mean deviation or mean deviation about mean
2. mean deviation about median
3. mean deviation about mode.

Mean deviation about median is the least. it could be easily verified in individual
observations and discrete series where the actual values are considered.

The relative measures are the following:

Coefficient of Mean deviation (about Mean)

Coefficient of Mean deviation about Median

Coefficient of Mean deviatidn about Mode

Individual Observations:
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Mean Deviation (about Mean) =

X -M
Mean Deviation about Median = E‘T
X—Z
Mean Deviation about Mode = ZT‘
Discrete Series:
w > |x - x|
Mean Deviation (about Mean) = =
o as ) D \X - M|
Mean Deviation about Median = =
X-2
Mean Deviation about Mode = DT[
4
Continuous Series:
. 3 tim- X ‘
Mean Deviation (about Mean) = -
-M
Mean Deviation about Median = Zi-%-——l
7
Mean Deviation about Mode = %

._l-._._..__ . ! J L Il L 2L JL

L. 0. 00000 00 10000C
L. 0. 0ooog goooooon

Uses of Mean Deviation:

Mean deviation provides an opportunity to calculate deviation, absolute
deviation, total deviation and average of the deviations. Standard deviation is the most
important absolute measure of dispersion. knowledge of the principle of mean
deviation facilities understanding the concept of standard deviation. Standard
deviation is a part of almost all the theories of Statistics, Viz., skewness, kurtosis,
correlation, regression, sampling, estimation, inference, S.Q.C., etc. Mean deviation
is preferred when a particular discussion is not carried to other spheres. It is found to
be much useful in forecasting business cycles and a few other statistical activities
connected with business, economic and sociology.

Merits:

1. Mean deviations are rigidly defined.
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They are based on all the items.
They are affected less by extreme items than standard deviation. Among
the three mean deviations, mean deviation about median is the least.
They are simple to understand and not difficult to calculate.
They do not vary much from sample to sample.
They provide choice. among the three mean deviations, the one that is
suitable to a particular situation can be used.
Formation of different distributions can be compared on the basis of a
mean deviation.
Demerits:
1. Omission of negative sign of deviations makes them non-algebraic. It is
pointed out as a great drawback.
2. They could not be manipulated. Combined mean deviation could not be
found.
3. itis not widely used in business or economics.

W N

o0k

N

Standard Deviation:

Definition: Standard Deviation is the root mean square deviation of the values from
their arithmetic mean. S.D denoted by o (read , sigma). Variance is denoted by o2.
S.D. is the positive square root of variance. Karl Pearson introduced the concept of

standard deviation in 1893. S.D is also called root mean square deviation. The
corresponding relative measure is Coefficient of Variation.

Individual Observation:

Method-1
Standard deviation o = 1{ZT‘

Standard deviation o =‘jz: : —[ E\A ]

Method-2

Discrete Series:

Method-1
and N =>f
Method — 2
1 5 L
Standard deviation o = J Z N [ Z,\l ]
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Continuous Series:

Method — 1

Standard deviation o = _z_’(j;__")

Method - 2

Standard deviation o = \/Zfr —[ Z\Fﬁ" ]

Combined Standard Deviation:

When two or three groups merge, the mean and standard deviation of the combined
group are calculated as follows.

Case 1. Merger of Two Groups

Size Mean S.D.
Group | N X o
Group I N2 X: 02

That is,

N1 — Number of items in the first group.
N2 — Number of items in the second group.
X: - Mean of items in the first group
X: - Mean of items in the second group.
01— Standard Deviation of items in the first group.

o2 - Standard Deviation of items in the second group.

The Mean of the combined group,

Ir! - ‘\Ildtl_i_‘\?:d‘rl

N, +N,

The Standard Deviation of the combined group,
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N6} + N,0; +Nyd; + N,d;
ap = — -
Ny +N,

where di= ¥, -X. andds= X:-X0

Case 2. Merger of Three Groups

Size Mean S.D.
Group | N1 X o1
Group |I N2 X 02
Group I N3 X, o3

That is
N1 — Number of items in the first group.
N2 — Number of items in the second group.
X1 - Mean of items in the first group
X: - Mean of items in the second group.
01— Standard Deviation of items in the first group.
02 - Standard Deviation of items in the second group.
The Mean of the combined group,
X = MiX1+N, X2+ N, X,
N,+N,+N,

The Standard Deviation of the combined group,

2 2 2 2 ] ;2
‘Nial +N:Gz +N]03 +N|d| + N,d, '1')\’:\'15
On = — -
‘Ni +N2 +N3

where di= X1 -X1» , dz= X:-Xuw and ds= Xy—Xm

Difference between the Mean Deviation and standard Deviation:

Mean Deviations Standard Deviations
Deviations are calculated from Mean or | Deviations are always calculated from
Median or Mode. Mean.
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While finding the deviations, negative sign | Deviations are squared. Finally square

is omitted. root is taken.
M.D.'s are simple to understand and not | It is not simple to under standard and it
difficult to calculate. is not easy to calculate.
Omission of negative sign is considered to | It has many desirable mathematically
be deficient mathematically. properties.

Uses

Standard deviation is the best absolute measure of dispersion. It is a part of
many statistical concepts such as Skewness, Kurtosis, Correlation, Regression,
Estimation, sampling, tests of Significance and Statistical Quality Control. Not only in
statistics but also in Biology, education, Psychology and other disciplines standard
deviation is of immense use.

Merits:

Standard deviation is rigidly defined.

It is calculated on the basis of the magnitudes of all the items.

It could be manipulated further. The combined S.D. can be calculated.

Mistakes in its calculation can be corrected. The entire calculation need not be

redone.

Coefficient of variation is based on S.D.. It is the best and most widely used

relative measure of dispersion.

6. It is free from sampling fluctuations. This property of sampling stability has
brought it an indispensable place in tests of significance.

7. It reduces the complexity in the approach of normal distribution by providing
standard normal variable.

8. It is the most important absolute measure of dispersion. It is used in all the
areas of statistics. It is widely used in other disciplines such as Psychology,
Education and Biology as well.

9. Scientific calculators show the standard deviation of any series.

10. Different forms of the formula are available.

ot ol o

o

Demerits:

1. Compared with other absolute measures of dispersion, it is difficult to calculate.

2. ltis not simple to understand.

3. It gives more weight age to the items away from the mean than those near the
mean as the deviations are squared.

Coefficient of Variation

Definition: Coefficient of variation is the most widely used relative measure of
dispersion. It is based on the best absolute measure of dispersion and the best
measure of central tendency. It is a percentage. While comparing two or more groups,
the group which has less coefficient of variation is less variable or more consistent or
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more stable or more uniform or more homogeneous. Coefficient of Variation is denoted
by the C.V.

OR  C.V.= Zxi00

X

Variance

Variance is the mean square deviation of the values from their arithmetic mean. It
is denoted by 02. Standard deviation is the positive square root of variance and is
denoted by o. The term of variance was introduced by R.A. fisher in the year 1913. It
is used much in sampling, analysis of variance, etc., In analysis of variance, total
variation is split into a few components. Each component is ascribable to one factor of
variation. The significance of the variation is then tested.

Individual Observation:

36 )

Variance, 02 =

Discrete Series:

Variance, 02 = 5

Lo’ (Lo

Continuous Series:

3

Lo [z

Variance, 02 = C° :
Fi

Combined Variance:
Based on the notations used in combined mean and combined variance,
Combined variance of two groups,

2 ] , 2 ;1
3 N,oy + Nyo; ++Nyd; + Nad,

Opn =
N, + N,

Combined variance of three groups,

2 2 2 ;2 2 .l
2 I\;lol- +N:ﬂ:- +A’50§ +.|f\\ildl +N:d: +.E\'3d5
Oy =
N+ N, +N;

Skewness:
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Definition: Skewness is the degree of asymmetry, or departure from symmetry, of
a distribution.

There are two types of Skewness: Positive and Negative

Mean

Median Median
Mode

i Mean = Mode

. |

I I

I

i

I I

I I

I ]

I I

I ]

Positive Symmetrical Negative
Skew Distribution Skew

Positive Skewness means when the tail on the right side of the distribution is
longer or fatter. The mean and median will be greater than the mode.

Negative Skewness is when the tail of the left side of the distribution is longer or
fatter than the tail on the right side. The mean and median will be less than the mode.
Karl — Pearson (1867- 1936) was great British Biometric and Statistician. He
introduced the formula given below.

1. Karl- Pearson’s Coefficient of Skewness,

Mean — Mode X -2
OR Skp =

* 5 tan dardDeviat ion a

SK

Theoretically, no limit can be found for this measure. This is found mostly to vary
between -1 and +1. Based on the interrelation between mean, median and mode in a
moderately skewed distribution, his second formula:

Karl- Pearson's Coefficient of Skewness,

3(Mean — Mode )
Sk, =
S tan dardDeviat ion

BR Shaim 3E; M)

2. The following formula is given by Prof. Bowley,

Bowley’s Coefficient of Skewness,

—2M
sky = DO M
0; -0,
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This is quartile measure of skewness and the value of this between -1 and +1. This
method is useful where there is an open-end class interval or extreme values are

present.
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