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ki ol S ~ asfx, e of‘QEF_’fE'q-w-' e
o . (500x186) + (800X 175) _ 1,98000 _ 7150 N == —— s
Kex) = 500 + 600 1,100 A 2 _ 1,600
225 = 200
i i =500 x 186 = 93,000
) :ncome z: :;:::g: ;( _ 600 x 175=% 1,05,000 5% 200 SPF-1,600 200
ncome geY = ] 2 50,000 + 45,000 = 3,65,000
Thus, Village Y has a larger income. 2 = 3,eY |
gut, itis incorrect value
: z 2 - (Incorrect items)? i
i 9 + X2 = Incorrect ZX - ( ms)? + (Correct items)?
ad - . o3 = — x 100 = 4.849 orrec
(ii) Coefficient of Variation of Village X (C.Vx) = X, .0 186 * = gorrect 2 - 3,65,000 — (53)2 + (43)? = 3,65,000 - 2,809 + 1,849 = 3,64,040
Correct X2 o
o 10 . _ |=—————- (Correct X)
Coefficient of Variation of Village Y (CVy) = Y_ x 100 = -175 x 100 = 5.71% comrectd \/—,Nr ( )
y
There is more variability in Village Y. 3,64,040 )
Ans. (j) Average income of the village X and Y taken together =¥ 180; correct (0) = 200 (39.95)% = ‘/ 1,820.2-1,596 = J 2242 = 14.97
(ii) Village'Y has a larger income; . Correct Mean = 39.95 marks; Correct Standard Deviation = 14.97 marks
(iii) In village Y, variation in income is greater. Ans.
te variance and coefficient of variation from the f ing data:
Example 48. For a group of 200 candidates, the mean and standard deviation were foungy, | Exgatple 49- Calcula on from the following data
be 40 and 15. Later on it was discovered that the score 43 was misread as 53. Find the correq ues i Z 120 1 14
mean and standard deviations corresponding to the corrected figure.
Solution: % = P LA ]
Calculation of Correct Mean | Values (X) Frequency (f) X XEX7X L
3X | 4 8 = I .. g
22 | S A
o S (S—
_ 2 20 +4 18 =
or, X = XN 10 e S T el . W
Or, 2X= 14 1 14 ’JB————’L’ 2641 60
X = 40; N = 200 N =15 x=e0 | 1 55
ZX =40 x 200 = 8,000
; — 0
But 8,000 is a wrong value as one score was misread as 53 instead of 43 Arithmetic Mean (X) = 2.
Correct X = 8,000 - incorrect item + correct item = 8,000 - 53 + 43 = 7,990 i
- 22X 7,990 2
Correct X = kol 39.95 (0) = / i /1—6.2 = 3.2659
N 15
Calculation of Correct Standard deviation
= Variance = 02 = (3.2659)2 = 10.66
= (s 3.2659 - 54.43%
N Coefficient of Variation = —;— x 100 = =——x 100
15 = 2 2 Ans. Variance = 10.66; Coefficient of Variation = 54.43% . - ‘
"y 200 o) @Lé Jculate: (i) standard Deviation; (ii) Variance;
: culate: .
(i Ple 50. For the following Sy Cac fficient of Variation.
2 1ij Sk o von: (i oe
15= |2 _ 1,600 ) Coefficient of Standard Deviation (V)
200 Clags
Squaring both the sides %_




Staﬁsh-c ers/on
S for : 4 0, D/SP
10.52 M O/as% M"’ sUre> - 1053
Solution: be converted into exclusive serj t d which group is more uniform
Is. So, it has to ies, i to fin » We sha|
This is a case of mcluswe class- nnfeNa S. = 60 t’fvirgroups ave to Compare the coefficient of variation (C.V.) of
7 the Calculation of ¢ it
g S oe! :
m | (a=245) g O Variation (Gro
Soas |+ Lwe | o

19.5-29.5 | 5 | 245(A) | . | i
295395 | 6| 345 _+10 20 o
39.5495 | 2 | a5 | 420 | -10 : {
5 g ' 1 ‘ 30 I -15 1 15 ‘

495595 | 3 | 545 s 0 0 0
[ N=3f=20 | { ’ L
| +10 +25 1 25 B

_ T07 [aige —ws0 | 18 | T 4 72

(i) Standard deviation (o) = B vl B = 10 | & T e k‘ )
N N /50—6”0’__ 10 55 +30 +3 +30 9 90
F————] %9 |
Zfd'2=45,'N=20;zfd'=15;C=10 60-70 7 65 +40 +4 +28 16 112
(E—g I A
(‘—45 15 N=Z2f=100 Ifd’ = 94 Zfd2 = 334
o= |— ( J x 10 = 1/225 5625x10—,/16875x10-1299 o
20 20

To calculate coefficient of variation, we will first calculate standard deviation and arithmetic mean
(i) Variance = 02 = (12.99)2 = 168,74

(i) We know: Coefficient of Standarg Deviation

”2 \2
—L o= Zfd _ﬂ XC=
X

X ’ =,/3.34-0.883 x 10 = 1567
Meanoo=A+zzf—;’xC=24.5 +;—gx10=32 -

_ ' 94
Mean (X) = A +%x C=25 +mx 10 = 344
Coefficient of Standarg Deviation = 1298 = 0.406
32 o 15.67 a5
Coefficients of Variation (CV) = < 100 = e 100 = =
(iv) Coefficient of Variation (Cv) = T x 100 = ﬂ x 100 = 40.6% .
32 f Variation (Group B)
! Calculatlon of Coefficlent o
Ans. (i) Standarg Deviation = 12, 99; (u) Variance = 168.74; (iii) Coefficient of Standard Deviation = 0.406; ——
(iv) Coefficient of Variation = 49, 6% A No.of.
persons (t)
; = Solae 5 oo _o -14 4 28
12 15 -10 ! = —
22 25
TR 35 +10 1 i e
SN . = W % +20 +2 i e
30— \ 20 45 3 +15 9 l 45
S0-60 5 55 +30 S 16 l 64
5 il 4 65 ¥ Ifd' =75 | 2fd =259
4 | \ N=yxf_ 100
\




10.54 : S‘fa‘ris‘f,'Cs g
To calculate coefficient of variation, we will first calculate standard deviation and arithmetjq Mean "

[_————_—”‘2’
S o ol L 15,} x 10
o= ——-N —( N \/100 100"

(o} =V2'59—0'5625 x 10 = 14.24

= zfd’ 75 =
= - xC=25 +— x10=2325
Mean (X) = A + - X 100

i B . i
Cosfficient of Variation (C.V.) = —X— X e

x 100 = 43.82%

Ans. Coefficient of variation of Group B (43.82%
uniform.

)is less than that of Group A (45.55%), so Group;
S Morg

10.22 PROPERTIES OF STANDARD DEVIATION

1. The sum of the square of the deviations of the items from their arithmetic megy, ;g "
:

minimum. The sum is less than the sum of the square of the deviations of the itemg from |

any other value.

It is made clear with the following illustration:

3 -

5 -2 4 -3 9

8 +1 1 0 0

12 +5 25 34 16
(X -X)*= 46 (X8 =50

Itis clear from the above example that sum of the squares of deviations from mean (46) is less thanthé
sum of squares of deviations (50) taken from assumed mean.

2. Standard deviation is independent of change of origin, i.e. value of standard deviation
remains the same if in a series, a constant is added (or subtracted) to all observations:

3. Stadt;d:ddd;viation is affected by change of scale, i.e. if all the observations are multiplied
or divided by a constant, then the st i o )by
Sy e standard deviation also gets multiplied (or divided)

« S iati > ;
tandard deviation of the combined series: Like the arithmetic mean, it is pOSSIble 0

com i i
pute combined standard deviations of two or more groups

; Vi)
{Combined Standard Deviation is discussed in detail in section 1

. For a given set of i "
meangil e Ol;s;rvatxons, standard deviation is never less than mean deviaﬂ"”ﬁ '
L ard Deviation > Me o o
an Deviation fr
om mean.

.

u/asol ______ O I

we g
Asn d deviation of two or more than two serjeg.
st

N,o?2 2
191+ NoOz + Ny + N,q2
N1+N2

Wheré . L
= Combined sta'nd.ard deviation of two groups
_ Standard deviation of first group

o1
- Standard deviation of second group

Oor™ =
di = (Xl - X‘]_l 2)2
di = (_)22 - X]r 2)2
Xz = Combined arithmetic mean of two groups
e = Arithmetic mean of first group
X, = Arithmetic mean of second group
N; = Number of observations of first group
N, = Number of observations of second group

This formula can be extended upto N number of series. If there are three series, then the
combined standard deviation is:

Nyo 2+ N2+ Ngo3+ Nyd§ + N,d2 + Ngd3
ag. =
1.2.3 Ny + Ny +Nj
Where,

& = X, - X1,2,3% d} = Xy-Xy,,9)% and 5 = K3=Xy,2,9”
The concept of combined mean will be more clear from the following examples.

Example 52. Find the combined standard deviation from the following data:

Boys ‘ Girls
30 { 20
30

Number

SO’““O":
To Calculate combined standard deviation, we will have to first calculate combined mean:
c = <
OMbined Mean R o= N, X, + NoXp
i ' N1 + N2
|=20. x2=30, N.‘ =30' N2=20



10.56

- (30x20)+(20x30) 1200 _ o,
e =—""gi20 50

Calculation of Combined Standard Deviation

' 2 2
INjo 2+ Nyo3+ Nyd§ + Nod2
%2 :V Ny +N2
d; =i1‘i12=2°‘24='4

dy=X,-X, ,=30-24=6
r Now:N, =30,0,=4,N,=20,0,=5,d;=—4,d,=6

| 30(472 + 20(5 + 30(-4)* + 20(6)*
‘ 30+20

T2 =W

{

| 480+500+480+720 _

O1,2 =

\ 50
Ans. Combined Standard Deviation = 6.6

43.6 = 6.6

. Example 53. Mean and standard deviations of two distributions of 1
and 40, 6 respectively. Find the standard deviation of all the 250 ite
Solution:
) First we will calcuiate combined mean:
Combined Mean (%, ,) = NiX1+NXy
_ ' N;+N,
X; =50, X, =40, N, = 100, N, = 150

X, , =100x50)+(150x40) _ 11,000

100 + 150 o -

\ N1+N2
d‘=;1‘)_(12=50-44=6
d2=)_(2";1.2=40-44=-4
Now:N,=1oo,¢,1=5vN2=

O1,2 =,

\

150.02=6,d,=6'd2=_4

e —
01’2 & 100(5)2 * 150(6)2 . 100(6)2 + 150(_4)2
100 + 159
Oyp = %

250 - \'556 = 7.456

Ans. Combined Standarg Deviation - 7.456

;

ms taken together:

h 48

00 and 150 itemg are 5,5

Jros of Dispersion
s
pe

, DEMERITS AND US
: MERITS ES OF STANDARD DEVIATION
of gtandard Deviation

s IO
10.2
Mer its
gased on all Values: Standard deviation cons

1.

iders ev 1 . .
e value affects the value of standard devian Oiry item of the series. So, a change in

Rigidly Defined: Standard deviation isb
of dispersion. It is rigidly defined, i.e.
Less effect of fluctuations in sampling:

y far the.most important and widely used measure
tis a definite measure of dispersion.

If several ind
same population, it may be observed that standard devi

to sample as compared with other measures of dispersions.

5, Algebraic Treatment: Standard Deviation is capable of further algebraic treatment. For
example, if standard deviations of a number of groups are known, their combined standard
deviation can be computed.

5, Better mathematical process: The squaring of the deviations removes the drawback of
ignoring the signs of deviations (as done in case of mean deviation).

Demerits of Standard Deviation

1. Difficult to Compute: Standard deviation is more difficult to be measured as compared to
other measures of dispersion.

2. More stress on extreme items: It gives more weightage to extreme values and less to those
which are nearer to mean.

3. Depend upon units of measurement: It depends upon the units of measurement of the

observations. So, it cannot be used to compare the dispersion of the distributions expressed
in different units.

Uses of Standard Deviation

L. Standard deviation can be used to compare the dispersions of two or more distributions
When their units of measurements and arithmetic means are same.

2 Ttis used to test the reliability of mean. Mean of a distribution with least standard deviation
18 5aid to be more reliable.

025 CHOICE OF A SUITABLE MEASURE OF DISPERSION

€ haye

: already studied the merits and demerits of the tor.\r‘measures of dlSp:rS]on namte,-ly
"ge, quartile deviation, mean deviation and standard deviation. Let us now make a compara : ve

H P ’ X - 2 . . 1 n
iy of qy the four measures. It would help in the selection of an appropriate measure of dispersio

OF & yaypgs
Patticular problem under study:

1, Rigidly defined: Al the four measures of dispersion are rigidly defined and their values
e definje.

) W

R —— .

. % AZL
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10. \v
. Smnstim for ¢y

2. Calculations: Tt is easy to caleulate range and quartile deviation. But g, Caley)

e : . ; A
mean deviation and standard deviation are a little more complicated, Aliong 0of
3. Based on values: The range and quartile deviation do not depend on all valy,
&k S w
mean deviation and standard deviations are based on all values. ’ h@reas

4. r\:_ft’ba'-l.‘f Treatment: In terms of algebraic mm\ent, Sta.ndard deViah'on is cohs'd
1dergy
to

be the best measure of dispersion.

L Range It is the simplest to calculate, but it is an unstable measure as it jg consiq
erably

affected by the extreme values. This method is advisable only when the variation p g,
In the

'250n. 1he quartle deviation is a better measure than range as it is not affecte
vaiues of extreme items. It is easily calculated and is readily understoog

T, quartie deviation has no algebraic properties and its interpretation is difficult

3. \'!'r‘;-'— ."_.4_:,._,— \.’;q- Aon-3 4 2. 7§ .
. ~eviation: Mean deviation is based on all the items, but it ignores the signs of
deviation and cannot be used f i
€V1aton and cannot be used for further algebraic treatment.

4 Standard deviation: Standard deviation ic o i
° — 'e* ““Hon: andard deviation is rigidly defined and is based on all the observations.
itis Capable of zlgebraic treaty ' :
e Sevrac reatment and is not affected very much by fluctuations of sampling
), the standard deviation so (
0 == G€¥iztion scores over all other measures of dispersion.
However, it shouid be keot in mend that standard

Oeviation gives co, i importancé 10
exTreme vanations, which shouid usua b o g mparatively greater imp

(-. m i v 0 o ~
,"'C' panson Between Mezr Deviation and Standard D

PR

eviation

"

SRR SRR e

of th
the sum of | itis based on the square root of the average
= ——— i uared devia
2. Mean deviation CON DS COMOEn ¢ — ,yf’ eviations. -
median of mone and s vale ,;;:'J ;’” mean, | The standardg deviation is always caloulated I
e o s -
_ (untess ® the distribasion i nomes) 656 Cases | the arithmetic mean
3. Mean Deviation aoes oy ¢
agebraic signs (phus o fri

' i is based on smpie average H

e abschite desanors

{ v

e , jation®

Nus) in its ca Incalculation of standard deviation, the dm:o e
‘& Caloutation | g squared. So, the plus and minus sign

N be g
) 6 omitted. it

P
lave it BLLOA the

. Alqebr®
absol © | Standard deviation is capable of furthe’ d-llgl !
Sohe valyes | reatment, j g , w6 can find the cvmb‘””da

| eviation of two or more series

Ty Y

109 of pispersion
‘ ' 10.59
pariso” Between Different Mesures of Dig B,
e St e g QL
It is the difference [ Starcer (Dovia

the arithmetiq | Itis the square root of
[ Shex ""7' the deviation | the arithmetic mean
; B valuestaken of the squares of
T0m an average, deviation of items from
| their arithmetic mean.

concep! between the largest
and the smallest item

of a series.

It is easiest to cal-| It is €asy to calculate | 1t is diffi

ians .
Caloulation culate and simple to | ang SIMple o unday. # Cult to calcu- It involves difficult
understand. stand. . > 35 compared to. calculations.
| fange and quartile de-
| Viation, but itis simple
to understand.
gased on !t isbasedon onlyMo _H covers only 50% | It is based on all the | 1t is based on all the
e items of the series, | items. items of the series.  items of the series.
the largest and the ‘ 1
smallest.
Effect of Itis highly affected by | Itis notundulyaffected | It is less affected by  Itis affected by
Extreme Items | the extreme values. | by extreme values. | extreme values. axtreme values.

1026 LORENZ CURVE .)(

The Lorenz Curve is a graphic method of studying dispersion. It was devised by Dr. Max O.
Lorenz, a famous economics statistician. This curve was used by him to measure the inequalities of

income or wealth of a society.
Now a days, the curve is also used to study the distribution of profit, wages, furmover, etc.
However, still the most common use of this curve is to show inequality of income or wealth

ina country,

Yeps involved in Drawing a Lorenz Curve ‘ -
Step 1, Calculate cumulative values of size of items (in case of discrete sertes) or mid-points
(in case of continuous series). < the last cumulative total is
2 Caleulate percentages for these cumulative values, Fo ed o
' Considered as equal to 100 and then percentages t¢ - ‘
e 3, 1y

Mepg, ¢

termine cumulative frequencies. last cumutlative

for each cumulattv
and then percentages

o frequency. For this. the
are obtained.

aleulate the percentage
of cumulative frequencies.

t()h\l is \‘()I\Sidt.r‘\d as t\qual to 100 -
and take the percentage
the percentage of variable.
of Equal Distribution

te
: "5, On the X-axis, start from 0 to 100

‘h & v A\
: "6, On the Y-axis, start from 0 to 100 and take

'y Th
s D . ). This
“h\w a ‘“t\}',ﬂl\c\l line joining 0 to 1

or “!Iquulity line”.

line is known as “Line

J 3 =

.=
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8. Plot the various points corresponding to the values of the variables X and ang
) join these points with a smooth free hand curve. The curve so obtained shows the the,
distribution. This curve is known as Lorenz Curve. Ay

Step

Important Points of Interpretation of Lorenz Curve

« If the distribution is uniform, the Lorenz Curve will coincide with the line
distribution. Generally, the Lorenz curve lies below the line of equal distribution,

+ The area between the line of equal distribution and the Lorenz curve gives the -
inequality in the items. The larger the area, more is the inequality.

o If curves of various distributions are shown on the same Lorenz Presentation, the -
that is farthest from the diagonal line represents greatest inequality. ¢

The following example will help us in understanding this phenomenon.

of equy

tent of

Example 54. From the following details of monthly income, draw a Lorenz curve,
e ISR 10-20 20-30 3040 4050
4 5 7 5 7

-
1020 15 20 6 = 5 =
230.40 = s 36 7 16 64
4050 N o 64 5 21 8
= L 100 4 25 100
Y

Percentage of Income

Percentage of Persons

équa,

The curve drawn isfa
ther from ” 6
the line of I distribution, So, there is inequality in distrib utionof jncor™

. 3

s of pispersion

B —
g 10.61
e 55. From the following table, draw Lorenz
pra” d interpret the result.
d 5
an

Cumulative|
)
10
25
45
50 140 70
50 |
60 200 100
A
100
90..
S 80} $
] &5
© 60 | \0\‘?
%’ 50 | NA
£ RAA
S a0f 8 /%
B $/° &
P I R
* 20t G
10
ologge38R888
Percentage of Persons

,':h : Lor,e”z curve of Group B is farthest from the line of equal distribution. So, Group B shows greater
“quality as compared to Group A.

27 MERITS AND DEMERITS OF LORENZ cunve)(
:”ts °f Lorenz Curve
+Loren, Curve is attractive and it gives a rough idea of extent of dispersion.
- With the help of Lorenz curve, it becomes easy to compare two or more series.

‘ E::: °f Lorenz Curve
distnlzuct?rve gives only a relative idea of the
Al on. It does not provide us any numerwft
Hethod of drawing Lorenz Curve is veTy difficult.

dispersion as compared with the line of equal
1 alue of the variability for the given distribution.

V9




3. MEAN
DEVIATION
3.1 Absolute
Measure

4. STANDARD
DEVIATION

4.1 Absolute
Measure

_ E—— B § ‘affs1,CS .
FORMULAE ATAGLANCE “orgy,
e T
Range=L-S _ _ _ o o-e--mmmmmmea 3
______ e .
Coefficient of Range = ' .S
Where, L = Largest item, and S = Smallest item
Note:
1. In case of continuous series, L, i.e. largest ite.m,. will be the upper Imitofy
class and smallest item (S) will be the lower limit of the lowes; Class, o oty

|

|
|

i

Note:In case of open-end series, Quartile Deviation is an appropriate measure ofdisperson
Individual Discrete Continuous Series
Series Series

 Mean Deviation | Z[X-X| _3|p| | =f|x-X| =t|p| 2flm-X| _xflo|

| from Mean ; N N N TN N N

! I
Mean Deviation  Z|X-Me| _3|D| | 5f|X-Me| =f|D| | =f|m-Me| D)
from Median J N N N "N N N

2. It both discrete and continuous series, the frequencies arg im

Interquartile Range = Q3 - Q

-Q
Quartile Deviation = L et ]
. . PRy 3 01 ~~~~~~
Coefficient of Quartile Deviation =
3+ Qq
Where,

Q, = Lower Quartile; Q; = Upper Quartile

MDx

Coefficient of Mean Deviation from Mean (X) =

———________ Standard Devlation
Actual % Discrete Serles
Mean = |22 >he
Method N o= =
O I
Direct X2 = — e
Method |9 =,/——- (X)* |g= [ZX?_ (%)?

L, N
o — Y

Measzuf"S 4

4.2 Relative
Measure

5. COMBINED
STANDARD
DEVIATION

f D,‘spersion.

Short-
Cut
Method

Step
Deviation
Method

2
Nioy +Npgj + N2+ Nad2
Ny +N,

Two Related Groups: o, ,

Three Related Groups: g, , ,
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