MEASURES OF DISPERSION

OBJECTIVES

After studying the material in this chapter, you should be able to:
Understand the meaning of the term dispersion.

Know the requisites of an ideal measure of dispersion.
Differentiate between relative and absolute measures of dispersion.
Identify different types of measures of dispersion.

Calculate various measures of dispersion, such as the range, quartile
deviation, mean deviation, standard deviation and variance.

Know the merits and demerits of different measures of dispersion.

Appreciate propérties of standard deviation.
Understand the concept of coefficient of variation.

QOO 0000

9.1 INTRODUCTION

s of central tendency discussed in the previous chapter do not
by themselves give an adequate description of the data. Regardless of the measure
that may be used, it does not tell us whether the data are grouped closely together or

spread over a large range of values. It is quite possible to have two or more sets of
observations with the same mean but still differ considerably in the variability of

their measurements about the average. For example, consider the following three
sets of observations, each containing 9 items :

The various measure
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Total  Megn
SetA : 10 10 10 10 10 10 10 10 10 g9 g
StB : 6 7 8 9 10 11 12 138 14 9o g

SetC 2 4 6 g 10 12 14 16 18 90

All the three sets of data have the same micarn but otherwise they are quite different
Each set has a sum of 90, but in the first set this sum is dispersed among aj] ths:
values. In fact, none of the observations in set A deviates from the mean and we sab
that there is no dispersion at all in set A. However, comparing the observations ii
C, it is quite obvious that set Bis more uniform than set C. We say that the
variability or the dispersion of the observations from the average is less for set Bthan
for set C. Thus we need some measure of dispersion of a set of numbers. The dispersion
of a data measures the degree to which numerical data tend to spread about an

average value.
The measures of central tendency are, therefore, inadequate to describe the data

completély. They must be supported and supplemented by some other measures.

sets Band

9.2 DISPERSION

In the following we shall give some important definitions of dispersion.

1. Dispersion is the measure of the variations of the items. — A.L. Bowley
2. Dispersion is the measure of the extent to which the individual items vary.
—L.R. Connor

‘8. The degree to which numerical data tend to spread about an average value is
called the variation or dispersion of the data. — Spiegel

4. Dispersion or spread is the degree of the scatter or variation of the variables about
a central value. —Brooks and Dick

5. The term dispersion is used to indicate the facts that within a given group, the
items differ from one another in size or in other words, thereisa lack of uniformity
in their sizes. ' —W.I. King

It is clear from these definitions that dispersion (also called scatter, spread or variation)
measures the extent to which the individual items vary from a central value.

9.3 MEASURES OF DISPERSION

'tl;f: ;i:ﬁreti to which numerical data tend to spread about an average valu; is
the mos:i on 0{ dispe-rsion of the data. There are various measures qf QIspe
standard Pogant being the range, the quartile deviation, the mean deviationan
ard deviation. The measures of dispersion can be classified as follows:

() Absolute measures of dispersion.
(i) Relative measures of dispersion.
Absolu
te Measures of Dispersion. The measures of dispersion which are ﬁ-“Pressed

in . i .
m:i‘::::::s;zt;stxcal unit in which the original data are given are termed as ab.oh.xte
spersion. They have a serious drawback because the disperswﬂ

called
rSiOIL
d the
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of pispersion 391
m these measures cannot be used to Compare the variability of twyq
ptain€ ft‘Os expressed in different units.
oVt qtion
bu

on. These measures
distn Measures of Dispersi > - are
jativ f measurement and can be used to ¢o
(4 its O . . .
f“ u{u;s cxprcsscd in different units.
. qributi®
dist™

OPERTIES OF A GOOD MEASURE OF DISPERs|op
R

re of dispersion should possess the followin
sure .
d be simple to understand.

'.!eGS”res

P

. good meda
‘ 1. It shoul
should
:!-ould be rigidly defined.

nould be based on all the observations,
sho

£ Propertiey:

pe easy to calculate.
2. It

3 It

4. It hould be amenable to further mathematical treatment.
5 Its

It should have sampling stability.
6. t should not be unduly affected by extreme observations.
7.

95 RANGE
ition. The range of a set of data is defined as the
::‘dﬁtr;le smallest value in the set. Symbolicany,

Range= L-S
where L=largestvalue and S=smallest value.
Incase ofa grouped frequency distribution, range is defined as the difference between
the upper limit of the highest class and the lower limit of the smallest class.

Coefficient of Range. The range is an absolute measure of di
in the unit of measurement of values of a distrib
cempare two distributions expressed in different units. To overcome this difficulty we

need a relative measure which is independent of the units of measurement. This
relative measure, called the coefficient of range, is defined as follows:

difference between the largest

spersion and is expressed
ution. Hence it cannot be used to

_ _ Range _L-S
cient of range = Sum of the largest and the lowest values - L+ S

Example 1, Find the range and the coefficient of range for the following observations:
65

e 82 59, 81, 76, 57, 60, 55 and 50
Hklutlon_ Range= L-8S
| Range = 82 - 50 = 32

L-S _82-50 32 _,.4.
L+S 82+50 132

Coeffi

Coefficient of range =
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Example 2. Calculate range and coefficient of range from the following data:

Marks 10-20 20-30 30-40 40-50 50-60 60-70 70-g
No. of Students : 2 6 12 18 25 20

Solution. Range = L-S=90-10 =80

0 80-9g
10 7

: _L-S 90-1u 80 _
and  Coefficient of range = L+S ~90+10 ~100 = (.8.

Note. It should be noted that in the calculation of
variable are taken into account and the frequencies

‘Range’ only the values of the
are completely ignored.

9.6 MERITS AND DEMERITS OF RANGE

Merits. The range possesses the following merits:
1. Itis simple to understand and easy to calculate.

2. Itrequires minimum time to calculate the value of range.
Demerits. The range has the following drawbacks:

1. Itis not based on all the observations.
2. Range is a poor measure o f variation. It considers only the extreme values and tells
us nothing about the distribution o

f numbers in between. Consider, for example,
the following two sets of data, both with a range of 12:

A : 8 9 1G 11 13 14 15 17 20
B : 8 12 12 12 13 13 13 14 20
In set A the mean and median are b

interval from 8 to 20. In set B the m
values are closer to the center of th

3. Itis very much affected by fluctuations of sampling. Its value varies widely from
sample to sample.

oth 13, but the numbers vary over the entire

ean and median are also 13, but most of the
e data.

4. It cannot be calculated for grouped frequency distribution with open-end classes.
S. Itis not suitable for further mathematical treatment.
Uses of Range. Althou

gh the range is a poor measure of variation, it does have som¢
useful applications in t

he following areas:

1. Industry. It is used in industry where the range for measurements on ite-ms1
coming off an assembly line might be specified in advance. As long as “:
measurements fall within the specified range, the process is said to be in controk.

2. Weather Forecasts. It is used by the meteorological department for \Ve.-”lth""
forecasts. The range in determining the difference between the minimum
temperature and the ms

i . . cral
AXIIMUIm temperature is of great importance to the gene N
public because they come to know t}

1e limits within which the temperature 1$
likely to vary on a particular day.

3. Stock Exchange. It is useful in studying the fluctuations in the share Pric"'sj
4. Day-to-day Living. The range is a most widely used measure of dispersion If
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Measures of Dispersion

our day-today life. For example, questiong such ag «
of workers in the [actory?” “What is the dail

“How much do you travel in a month by you are all answered in th
form of range. ©

9.7 QUARTILE DEVIATION OR SEMI INTER-QUARTILE RANGE

Definition. Inter-quartile range is an absolyte Mmeasure of dispersion defined by the
formula:

Inter-quartile range = Q; - Q,

where Q, and Q, are the first (or lower) and the third (or upper) quartiles respectively.

As inter-quartile range is based only on Q, and Q,, it measures the length of the
interval that contains 50% of the data.

Definition. Quartile deviation, also called semi inter-quartile range, is an absolute
measure of dispersion defined by the formula;

Q3-Q,

2
Quartile deviation gives the average amount by which the two quartiles differ from
the median. In a symmetrical distribution, the two quartiles Q, and Q, are equidistant
from the median, i.e., median — Q, = Q; —median and as such median * Q.D. covers
exactly 50% of the data.

Quartile deviation, being an absolute measure of dispersion, cannot be used to compare
two distributions expressed in different units. For comparative ;tudy_ofl vagabxlm zl
two diStributions, arelative measure known as coefficient of quartile deviation is defined.

Definition, The coefficient of quartile deviation is a relative measure of dispersion
deﬁned by

Quartile Deviation (Q.D.) =

-Q
SShis _Q3-Q
Coefficient of Quartile Deviation TQ3+Q; Q3+0Q
T2

: nits of
Coefficient of quartile deviation is a pure number independent of the units

= Mo e in different
measufement and can be used to compare two distributions expressed
Unitg_

: istribution:
Exqmple 3. Calculate quartile deviation from the following dis 17-19
X q 5 10 1118 14 - 16 7
5-7 -

‘ 4
14 24 38 -

F
requency [Delhi Univ. B.Com. (P) 2001]
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Solution Calculations For Quartiles
Class Boundary Frequency )] Less m
3]
45 - 175 14 14
7.5 - 10.5 24 38
10.5 - 13.5 38 76
13.5 - 16.5 20 96
16.5 - 19.5 & 100
N=Yf =100 T TRm
S—

N 100 _,e, ‘
Computation of Q, : We have - == = 25; and the c.f. just greater than or equal tg

25 is 38. The class corresponding to this c.f. is 7.5 - 10.5. Thus Q- clag, is
7.5 -10.5.

A e
4 25-14
= 1+ xh =75
2 ] o4
Computation of Q, ol 75; and the c.f. just greater than or equal to 75 is 76, The
class corresponding to this c.f. is 10.5 - 13.5. Thus Q, —class is 10.5-13.5,

N,

Q= 1+ 4f wh =1o.5+753‘838

x3 =7.5+1.375=8.875

x3 =10.5+2.92=1342
Computation of Quartile Deviation:

0D - -9 _13.42-8875

2 2 =2.27 (app.)
Exa i )
devi::f:,l: :r-er?)d the value of tt%1rd quartile if the values of first quartile and quartile
Soluti and 20 respectively. [Delhi Univ. B.Com. (P) 2013
ution. Quartile deviation i given by
Q.D.= 93_;_01_

Substitutin, - _
z 80, =90 and Q.D. =20 in the above formula, we obtain 20 = "17529'
Example 5, If the ﬁrstoa*QF) =‘ 20x2=40 o Q, = 90 + 40 = 130.
(assuming the distributigz?c;tialz ;S rond quartile deviation is ki meg;‘;l‘
. ymmetri 1
Solution. Quartile deviation jg given by ' DS IURARR Soi
Q.D, = QL;QL

Substituting
Q.D.= 6 in the above formula, we obtain 6 = =

2
Q;-48 = 12 = Q, = 60
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Alcas . . .
a5y metrical .dlstnbuuon. the first ang the third Quart] 325
Foc nedian. That is, €8 are equidistap, from
th Qy-Md= Md-Q,
2Md= Q, +Q, = Md= 2!_*_9,1
o 2

- 48460 10
Md= —5== o228 L5,

-

fe 6. Find the inter-quartile range and the coeffi

a . .
E‘m the fo]lOWlng data.
fro .10 20 30 40

S0 60

cient of quartife deviation

< less than
;’?ﬂ;}gmd‘*"‘s P16 4076 95 gy 1:3 °
gotution. We shall ﬁ‘r st convert the given cumulative frequency distribyt 12:.)
ordinary frequency distribution. stribution into an
@ S c.f.
0-10 4 4
10 - 20 12 16
20-30 24 40
30-40 36 76
40 - 50 20 96
50 - 60 16 1,/ 112
60 - 70 8 N 120
et 5 125
N=125 i

N _125
Computation of Q, M e 31.25; the c.f. just greater than or equal to 31.25is
n

40. Therefore Q, lies in the class 20 — 30 and is given by

2 _c 31
Q,= 1+ 4f x h =20+—-——'2254‘16><10 = 26.35.

Co 3N
MPutation of Q, T = 93.75; the c.f. just greater than or equal to 93.75 is 96.

The f
refore Qs lies in the class 40 — 50 and is given by

3N

o 93.75-76

Q= 1+-4 xh =40+=—75-——x10 = 48.88
I 20

Inter. . '
Quartile range = Q; - Q, = 48.88 - 26.35 = 22.53

Q3-Q; 48.88-26.35 22.53
———— =222 2 0.30 (app.
Q3+0Q; “4888+26.35 75.23 (app.)

fng

Coefﬁcient of Q.D, =
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9.8 MERITS AND DEMERITS OF QUARTILE DEVIATION

Merits. 1. It is simple to understand and easy to calculate.
2. Itis superior to range as a measure of dispersion.

3. It can be computed from the distribution hauiftg open-.end clof.sses.. In fact, it is tp,
only measure of dispersion which can be obtained while dealing with a distribution,
having open-end classes.

4. Quartile deviation is not affected at all by extreme observations as it ignoreg 25%
of the data from the beginning of the distribution and another 25% of the dataq from,
the top end.

5. Quartile deviation is useful specially when it is desired to study variability in the
central half part of the data.

Demerits. 1. Quartile deviation is not based on all the observations. In fact, it ignores
25% of the data at the lower end and 25% of the data at the upper end. Hence it
cannot be considered as a good measure of dispersion.

2. Quartile deviation is not suitable for further mathematical treatment.
3. It is affected considerably by sampling fluctuations.

EXERCISE 9.1

Theory Questions

1. (@) What is meant by dispersion? [Delhi Univ. B.Com. (P) 1995, 2004]
(b) List the various methods of measuring dispersion.

[Delhi Univ. B.Com. (P) 1993, 2005, 2006)
2. What do you mean by relative measure of dispersion? [Delhi Univ. B.Com. (F) 2003]

3. Distinguish clearly between absolute and relative measures of dispersion.

[Delhi Univ. B.Com. (P) 2008, 2012]
Explain briefly (i) Range, and (ii) Semi-interquartile range. [Delhi Univ. B.Com. (P) 1980]
What is coefficient of quartile deviation? State the formula. [Delhi Univ. B.Com. (P) 1994]

-— am P —
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3.9 MEAN DEVIATION OR AVERAGE DEVIATION

As discussed earlier, the two measures of dispersion, viz., range and quartile deviation
are not based on all the observations. Moreover, they do not show any scatterness
f'iround an average and thus completely ignore the composition of the series. However,
if we wish to measure variation in the sense of showing the scatterness around an
average, we must include the deviations of each and every item from an average.
Mean deviation or the average deviation helps us in achieving this goal. As the name
SUggests, this measure of dispersion is obtained on taking the average (arithmetic
Mean) of the deviations of the given values from a measure of central tendency.

f.cco,- ding to Clark and Schkade:
Average deviation is the average amount of scatter of the items in a distribution from
“tther the mean or the median, ignoring the signs of the deviations. The average thatts
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oﬁl‘:';
taken of the scatter is an arithmetic mean which accounts for the fact that this Measyre i
often called the mean deviation”.

Computation of Mean Deviation — Individual Observations

'For a given set of n observations X, X,

..... , X, the mean deviation (M.D, )about ap
average, say A, is given by

2IX-Al _2ID|
Mean Deviation (about an average A) = n =Th

where |D| = IX —A| (read as mod (X - A) is the modulus value (or absolute value) of
the deviation of X from 4, ignoring + signs.

Remark 1. Usually, we obtain mean deviation about any one of the thre
Mean (M), Median (Md) or Mode (Mo). But since mode is generally ill-defined, in practice,
mean deviation is computed about mean or median. However, there is an advantage
of computing mean deviation about median because the sum of the deviations of items
from median is least when signs are ignored. Nevertheless, in practice,

the mean is
more frequently used in computing the average deviation and this is the reason why
it is more commonly referred to as mean deviation.

€ averages

Procedure for Computing the Mean Deviation

We now outline the procedure for computing the mean deviation:
Step 1. Calculate the average A about which mean deviation is to be computed, by the
methods discussed earlier.

Step 2. Find the deviation of each observation X from A and denote it by D. That is,
findD=X-A,

Step 3. Find the absolute value of the deviation of each observation, from A ignoring*
signs and denote it by l D| 3

ep 4 by the number of observations to get the
t the average A.

Computation of Mean Deviation - Discrete Series
In case of discrete series where the variable X takes the values X;, X,, ..., X, With
respective frequencies f, »J2» -, [, the mean deviation about an average Ais given by

Mean Deviation (about an average A) ~ZS1X - A N Efj\} = ’
. N
where N= ¥ fig the total frequency and D= X- A
Procedure for Computin

g the Mean Deviation
Step 1. Calculate the average
Step 2.

| A about which mean deviation is to be computed. ,
ga_l_c(;{ th(j\ deviation of each observation from A and denote it by D. Thats, find

Find the absolute value of th ' i . g
; e deviatio : m A igno
Signs and denote it by | p| " of each observation fro

Step 3.
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Step 4 Multiply each absolute deviatio
|D].

step 5. Add all e products obtained in Step 415 goy y. |

Step 6. Divide the sum obtained in Step 5 p
mean deviation.

ni|D|p -
| by the corresponding Srequency ftogetf

Y N, the total frequency, to get the requireq

computation of Mean Deviation - Continuous Se res
The computation of the mean deviation in the case of continuous ser

deviations of these values from the average A. Thus, if X, X, X_ are the clas
2 3% s .., N n s

marks (0f smiceveties) ofa st Ofgr?1 1ped data with corresponding class fre 1
F AREEEE » Jo» then the mean deviation about ap average A is 'gi% ent by quencies

Mean Deviation (about an average A) = 21 j’f -A| _XfID|
where N=3 f is the total frequency

Coefficient of Mean Deviation

The measures of mean deviation as defined above are absolute measures depending
on the units of measurement. The relative measure corresponding to the mean
deviation, called the coefficient of mean deviation, is given by

. Mean Deviation
Coefficient of M.D. = Average about which it is calculated

M.D
Mean

| _ M.D
and Coefficient of M.D. about median = Median

Coefficient of mean deviation is a pure number independent of the units of
:;turement and can be used to compare two distributions expressed in different
b“""Ple 7. Find the mean deviation about the median for the following data:
Find;j: 46 79 26 85 39 65 99 29 72
O the coefficient of mean deviation.
lution, Arranging the data in ascending order of magnitude, we get
® 29 39 4 56 65 72 79 8 99

' n+l 10+1 _
n=10 5 - 2 5.5

Coefficient of M.D. about mean =

Medi&n = gjze of (Tl; 1)th item = size of (S.S)th item

= Sth item + 0.5 (6th item - St{x item)
= 56 + 0.5 (65 - 56) = 56 + 4.5 = 60.5.
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Calculation for Mean Deviation

Absolute Deviation fmmm

X Deviation from Median
D=X-Md | DI
26 -34.5 345
29 =-31.5 31.5
39 -21.5 21.5
46 -14.5 14.5
56 -4.5 4.5
65 4.5 4.5
72 11.5 11.5
79 18.5 18.5
85 24.5 24.5
99 38.5 38.5
n=10 S| D| =204
D| 204
M.D. (about median) = Z.'"' | = = 20.4.
n 10
i Mean Deviation 20.4 _
Coefficient of M.D. = Median =605 0.34.
Example 8. Calculate mean deviation about the mean for the following data:
X 10 11 12 13 14 Total
f 3 12 18 12 3 48
Solution. Calculations for Mean Deviation
X f fx D=X-X | D bl
10 3 30 -2 2 6
11 12 132 -1 1 12
12 18 216 0 0 0
13 12 156 1 1 12
14 3 42 2 2 6 |
-y f=48 Y fX =576 Y fiDi= 36
_4.-——""'
- 2JSX 576
Mean:X = 57 =—= =
Yf " 48 " 12
Mean Deviation about Mean = -z—:fNI Dl = 22 =(0,75.

Example 9. Calculate the mean deviation from the median for the following d

Marks : 10 - 2020 - 30
No. of Students : 2
Also calculate the coefficient of mean deviation from median.

ata.

30-40 40-50 50-60 60-70 70-80 80-90

12

18

25

[Delhi Univ. B.Com-

20
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Me

golution. Calculation for Mean Deviatio 2

W— r-ﬁ',ﬁd-;alue No. of itudents m n

— 0 | 15 2 s = || /1D
10-20 2 -39.8 39.8
20-30 | 25 : 8 29,8 20.8 6
30-40 35 12 20 -19.8 19.8 178.8
40-50 45 18 38 Iy 9-8 237.6
50-60 | 55 . 63 0.2 s e
60-70 65 20 83 10.2 102 o
70 80 75 10 93 20.2 20,2 Zg‘;‘(’

| 80-90 i L 100 30.2 502 21 1-2

N=Yf =100 S £1D]
| B _=1294.8

. N
conputgtion of Mediar.t : We haw.fe—2~ = 50. The c.f. just greater than or equal to 50
is 63 and the corresponding class interval is 50-60. Thus the median class is 50 - 60.
& .

2L
_ i _ 2 =50 50 -38
- Median (Md) =1 + 7 xh L 55

%10 =50+% =50+ 4.8 = 54.8.

Computation of Mean Deviation :

Y f1D| _1294.8

M.D. = N 100 12.948.

Coefficient of M.D. from median

M.D. (about median) _12.948 _ 0 (oop)

B Median 54.8
Example 10. Calculate the mean deviation from the mean for the following data:
Marks . 0-10 10-20 20-30 30-40 40-50 50-60 60-70
No.of Students : 6 5 8 15 7 8 3
Solution, Calculation of Mean Deviation From Mean
Ma;ks . 3
Mtd;alue No. of Students " D= o1l f1DI
o — f 28.4| 1704
10 5 6 30 -28.4
10- ' 18.4] 920
20 ' 8.4 67.2
=30 25 8 200 -8.4 i
*0~40 35 525 1.6 . '
0- 55 15 : 11.6 1.6| 812
50 45 7 4 01.6] 129.6
- 60 330 21.6 2
%-79 . ° 31.6 31.6| 948
\_____‘_GE: 3 195 | ZﬂDl - 659.2
S~ N-50 | XX = 1670 :
-‘--__; ———
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= 1670
Computation of Mean: X = ZI-VfX =~50 = 33.4

Computation of Mean Deviation about Mean:
p| 6592 _
sp.n L2 -S55% = 1318 (appd.

the mean deviation and its coefficient:

31-35 36-40 41-45  46-50 515

42 15 12 4
[Delhi Univ. B.Com. (P) 2004

he best results when deviations are takep
d in the question, we shall take deviationg

Example 11. Calculate
Marks . 21-25 26 - 30

No. of Students 5 15 28

deviation gives t

Solution. The mean :
thing is specifie

from median. Since no

from median.
Calculation of Mean Deviation

s | Mid-Value| No. of Students —
. X. - f of D=X-Md | DI fID]
b0.5 — 25.5 23 -5 5 ~13.93 13.93 69.65
p5.5 — 30.5 28 15 20 ~8.93 8.93 133.95
30.5 — 35.5 33 28 48 -3.93 3.93 110.04
35.5 — 40.5 38 42 90 1.07 1.07 44.94
10.5 — 45.5 43 15 105 6.07 6.07 91.05
45.5 — 50.5 48 12 117 11.07 11.07 132.84
50.5 - 55.5 | 53 3 120 16.07 16.07 48.21
N=)f =120 Y fIDI= 630.08
Computation of Medi N _120 60: th : < 90
an:7 =—5 = 60; the c.f. just greater than or equal to 60 is 0.
Thus median lies in the class 35.5 - 40.5 and is given by
N _
Median (Md) = 1+ 2f xh =35.5+_6l4_§4_8_x5 =35.5+1_43=36_93
M.D. (about Median) = &=/ |21 _630.08 _ ;¢
N 120 )
Coefficient of Mean Deviation (about median) = -—————M'D‘ =0.142
Median ik

9.10 MERITS AND DEMERITS OF MEAN DEVIATION

M. .
zeriIts: 1. It is easy to understand and simple to calculate

. It lS b.ased on each and every item of the data

3. ltis rigidly defined. |
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4 AS compared to standard deuviation, j is lo

. since deviations are tqken Jrom acentrq; valy
. s tributions can easily be made, ¢

1. The major drawback of m .
merits. 1+ - oy ean devigtioy, 1
€ while taking the deviations of the items ‘ation is that algebraic signs ;
. are ignorecl

g. Itis not suitable for further mathematiog treatm
. ) . N .
3. It cannot be computed for distribution with, Open_ent
4, Itisrarely used in sociological studies. nd classes,

. EXERCISEgy -

obseryqy
» COMparis s
parison gahe, Jormation of different

Theory Questions
what do you understand by mean deviation?

1!
5. What is coefficient of mean deviation? State the formuy]
a.

o " g P —.—L:A—ﬂ
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