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10.50 qures of DIspersion 

(500 x 186) + (600 x 175) 1,98,000 18 

500 600 

10.51 

,100 EX1,600 
225 

200 

(i) Income of village X = 500 x 186 =793,000 

Income of village Y = 600 x 175= 1,05,000 

Thus, Village Y has a larger income. 

225x 
200=2X*-1,600 

x 200 

X3,20,000 
+45,000 = 3,65,000 

But, it 
is 

incorrect value 

9 Correct 
EX= Incorrect 2X?-( Incorrect items)2+ (Correct items) 

(Gi) Coefficient of Variation of Village X (C.Vx) = x 100 = 

186 x 100 4.84% 
Com 

ct X=3,65,000 - (53)+ (43)= 3,65,000-2,809+1,849 =3,64,040 

Correct 2X -- (Correct 
N 

10 

Coefficient of Variation of Village Y (C.V.y) x 100 = x 100 5.71% Correct a 
175 

There is more variability in Village Y. 3,64,040 (39.95) = 1,820.2-1,596 = 224.2 = 14.97 

Ans. ) Average income of the village X and Y taken together =? 180; Correct (o) =, 200 

Gi) Village Y has a larger income; 
Ans. Correct Mean = 39.95 marks; Correct Standard Deviation = 14.97 marks 

(i) In village Y, variation in income is greater. 

Eraple 49. Calculate variance and coefficient of variation from the following data: 

Example 48. For a group of 200 candidates, the mean and standard deviation were found h 

be 40 and 15. Later on it was discovered that the score 43 was misread as 53. Find the comer 

mean and standard deviations corresponding to the corrected figure. 

2 6 10 
Values 

2 

Frequency 

Solution: 
Solution: 

Calculation of Correct Mean 
Values (X) Frequency () 

X=X-X 

16 64 

2 

48 
0 0 

6 

20 +4 16 32 

10 

Or, X= XN 
64 64 

14 14 +8 

X= 40; N = 200 

Zt 160 

N Ef =15 fX= 90 

X 40 x 200 = 8,000 

But 8,000 is a wrong value as one score was misread as 53 instead of 43 Arthmetic Mean () = 6 

Correct X = 8,000-incorrectitem+ correct item=8,000-53+43 7,990 

lo)-x 1603.2659 o) N Correct =2X7,990 39.95 
N 200 15 

Calculation of Correct Standard deviation 

ZX 
Variance= o2= (3.2659)2 = 10.66 

Coefficient of Variation 
3.2659 100 54.43 100- 

N 

aple 50. For the following data, 
calculate: (i) Standard 

Deviation; (i) Variance; 

(ii) Coefficie of Standard Deviation; (iv) Coefficient of Variation. 

EX2 15 0 (40 
variance = 10.66; Coefficient of Variation 

= 54.437o 

200 

EX 
15 |,600 

40-49 
50-59 

200 Class 20-29 
30-39 

10-19 
2 

Squaring both the sides Frequency 
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of Dispersion Measures ODispeers 

10.53 

Solution: 

Sottution 

In order to find which 

This is a case of inclusive class-intervals. So, it has to be converted into exclusive series 

Na of Mid-point 
students () 

which group is more unitorm, we shall have to compare the coefficient of variation (C.V.) ot 

fa d=m-A m-A 
(A =24.5) d'2 

Marks 
( the two groups. 

(m 

Calculation of Coefticient of Variation (Group A) 

C 

C=10 
No. of 

persons ( 
Mid-points 

(m) 
d m-A 
(A=25)dm-A 

10 14.5 
24.5 (A) 

9.5-19.5 
19.5-29.5 
29.5-39.5 

39.5-49.5 

Age GrouP 

fd2 
0 0 

C 34.5 10 +1 

C-10 44.5 20 +2 5 5 
20 0-10 

30 +3 
15 10 

20 

49.5-59.5 54.5 
10-2 5 

10 9 

-15 
N=2f= 20 Efd' = 15 2 

2fd2a 
25 (A) 20 

15 20-30 

0 25 35 
+10 

2fd2 Zfd? 
30-40 

+25 

9 Standard deviation (o) x C 
8 45 +20 

N N 
40-50 

+ 36 
(2 10 

30 
Zfd 45; N= 20; 2fd= 15; C = 10 

50-60 

+30 
90 7 60-70 + 40 

+28 6 112 
x 10= /2.25-5625 x 10 = 1.6875 x 10 12.99 N 2f = 100 

Zfd'= 94 Zfd2 334 
To calculate coefficient of variation, we will first calculate standard deviation and arithmetic mean. 

) Variance = o= (12.99)2 = 168.74 

Gii) We know: Coefficient of Standard Deviation 
xC = 334 

100 10 N Efd' Mean ) A+xC= 24.5 +x 10 32 
3.34-0.883x 10 15.67 

Mean ) A +xC 25+x10 34.4 
Coefficient of Standard Deviation 12.99 

0.406 32 100 

15.67 
iv) Coefficient of Variation (C.V.) =x 100 = x100 40.6% Coefficients of Variation (C.V) =x 100 x 100 45.55% Ans. () Standard Deviation = 12.99; (i) Variance = 168.74; (ii) Coefficient of Standard Deviation =0.40 

(iv) Coefficient of Variation = 40.6%. Calculation of Coefficient of Variation (Group B) Age Group No. 
persons () 

of d=m-A fd' fdr 
Example 51. From the following data, find out which group is more uniform. 

Mid-points 
(m) m- 

C (A 25) d Age Group (years) 
No. of Persons 10 

Group A 0-10 
28 

- 14 20 
0-10 
10-20 

20-30 
30-40 
40-50 

Group B 
10-20 

-12 12 7 15 -10 
20-30 15 

22 25 (A) 12 

30-40 20 
30 10 +1 + 30 30 22 

40-50 35 25 

+2 +40 80 
30 20 20 18 

50-60 
45 

50-60 
30 3 15 20 55 10 

60-70 16 

60-70 

64 65 +40 

Efd'= 75 Zfd 259 N Ef= 100 
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lass x netlc mean. 

10.54 

MeasuresOspersion 
10.55 

3INED STANDARD DEVIATION 
To calculate coefficient of variation, we will first calculate 

standard deviation and arithm 

caleu lcsilate mean of two or more than two series, we can also compute combined 

10.23 

EtdxC 100 75x 10 259 Etd'2 
N 

more than two series. The formula in case of two seriesS 
100 viation of two or; 

s 
we 

can 
c 

N 
standard deviation of 

N,O+No+ N,d+ Nd = 2.59-0.5625 x 10 = 14.24 
1,2 

N+N2 
Mean (X) A * fdC 25 * 100 

x10 32.5 

Where 

Combined standard deviation of two groups 14.24 100 = 43.82% 

= Standard deviation of first group 

=Standard deviation of second group 

Coefficient of Variation (C.V) = x 100 O1,2 32.5 

Ans. Coefficient of variation of Group B (43.82%) is less than that of Group A (45.556), so Group B is ms 

uniform. 

10.22 PROPERTIES OF STANDARD DEVIATION 

1. The sumn of the square of the deviations of the items from their arithmetic is the 

minimum. The sum is less than the sum of the square of the deviations of the items 

V. = Combined arithmetic mean of two groups 

X = Arithmetic mean of first group 

= Arithmetic mean of second group 
Irom 

any other value. 

N = Number of observations of first group 

N Number of observations of second group 
It is made clear with the following illustration: 

X-8 (X-8P -X 
X=7 

X- 

This formula can be extended upto N number of series. If there are three series, then the 

combined standard deviation is: 

N,o No+ Nos+ N,d+ Ngdz+ Ngd 
N +Ng +Ng 01,2,3 

I2 4 16 

Z(X-X)= 46 ZX-8)=50 Where, 
tis clear from the above example that sum of the squares of deviations from mean (46) is less tnan ne 

sum of squares of deviations (50) taken from assumed mean. 

- X-K,23, d = -,23, and d= -X,2 
ne concept of combined mean will be more clear from the following examples. 

2. Standard deviation is independent of change of origin, i.e. value of standard devianm tion 

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

Girls remains the same if in a series, a constant is added (or subtracted) to all observations Boys 
led 20 3. Standard deviation is affected by change of scale, i.e. if all the observations are multiplt Number 30 

30 or divided by a constant, then the standard deviation also gets multiplied (or a Mean 20 
5 

4. Standard deviation of the combined series: Like the arithmetic mean, it is possiDi 
to 

this constant. Standard deviation 
3olution: 

calculate combined standard deviation, we will have to first calculate combined mean: 

Combined Mean (X1,2) N+Na 
+N 

compute combined standard deviations of two or more groups. 
(Combined Standard Deviation is discussed in detal in st 

5. For a given set of observations, standard deviation is never less than mean deviation 
mean, i.e., Standard Deviation > Mean Deviation from mean. 

20, X= 30, N = 30, Na= 20 
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10.56 Measures of Dispers/on 

10.57 

X, 0x 20) +(20 x 30) 1,200 
30+20 

24 
50 10.24 

MERITs, DEMERITS AND USES OF STANDARD DEVIATION 
terits of Standard Deviation 

an all Values: Standard deviation considers every item of the series. So, a change in 

Celculation of Combined Standard Deviation 

N,o N0 N,df+ N,d 
1.2 even 

one 
value affects the value of standard deviation. N,+N2 

Rigid 
Aiy Defined: Standard deviation is by far the most important and widely used measure d, =-X2 = 20-24=4 2 

of dispersion. It is r 

c effect of fluctuations in sampling: Ifseveral independent samples are drawn from the 

rigidly defined, i.e. it is a definite measure of dispersion. da-1 2=30-24-6 
Now N, =30. o, =4, Ng = 20, oa =5, d,4, d2=6 

samep population, it may be observed that standard deviation is least affected from sample 
to sample as compared with other measures of dispersions. 30(42+20(5 +30(4) + 20(6)2 

G1.2 
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 

30+20 

deviation can be computed. 

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

2 480+720 43.6 6.6 
50 

Ans. Combined Standard Deviation = 6.6 

Example 53. Mean and standard deviations of two distributions of 100 and 150 items are 505 and 40,6 respectively. Find the standard deviation of all the 250 items taken together: 
Demerits of Standard Deviation 

Solution: 1. Difficult to Compute: Standard deviation is more difficult to be measured as compared to 
First we will calculate combined mean: other measures of dispersion. 

Combined Mean )= NX+ N 
N+N2 

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

which are nearer to mean. 
X, 50,X =40, N, = 100, N = 150 

=O0 x 50) + (150x 40) 11,000 
100 150 

Calculation of Combined Standard Deviation 

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

observatiorns. So, it cannot be used to compare the dispersion of the distributions expressed 
in different units. 44 

250 

Uses of Standard Deviation 
N,o No+ N,d?+ Nd? LStandard deviation can be used to compare the dispersions of two or more distributions 

when their units of measurements and arithmetic means are same. 
1,2 

Ny +N 
d, X-X2= 50-44 =6 
da=2-X1,2 = 40-44-4 
Now: N = 100, a, = 5, N2= 150, O2 = 6, d, = 6,d2 =4 

2. tis used to test the reliability of mean. Mean of a distribution with least standard deviation 

said to be more reliable. 

100(5)2 +150(6) 100(6)2 + 150(4 
0.25 CHOICE OF A SUITABLE MEASURE OF DISPERSION 

O1,2 
tano aready studied the merits and demerits of the four measures of dispersion namely 

Stud rtile deviation, mean deviation and standard deviation. Let us now make a comparative 

for a e four measures. It would help in he selectionot an appropriate measure of dispersion 

100+ 50 

| 2,500+5,400+3,600+2,400 O12 

Ta particular oblem under study: 
250 55.6 7.456 

*gidly defined: All the four measures of dispersion are rigidly defined and their values 
Ans. Combined Standard Deviation 7.456 

are definite. 
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10.59 ween Different Measures of Dispersion 
X 2. Calculations: It is easy to calculate range and quartile deviation. But the 

mean deviation and standard deviation are a little more complicated. lculations o Range 
t is the difference tis nait the difference It is the arithmetic t is the square root of 

tween the largest between the third and mean of the deviation the arithmetic mean 

Comparison Between 

Quartle Deviation Mean Deviation Standard Deviation 3. Based on values: The range and quartile deviation do not depend on all val 
mean deviation and standard deviations are based on all values. 

all values, whereas Concept 

and the smallest item the first quartile. of all the values taken of the squares of from an average. 
of a series. 

deviation of tems from andard deviation is considered th 

4. Aigebraic Treatment: In terms of algebraic treatment, standard deviation is c 

be the best measure of dispersion. tneir arithmetic mean. It is easiest to cal-| It is easy to calculate It is difficult to calcu- It involves difficult culate and simple to and simple to under- late as compared to calculaticns. 

Calculations 

understand. stand. 
range and quartile de- 
viation, but it is simple 

Conclusion 

to understand. 
1. Range: It is the simplest to calculate, but it is an unstable measure as it is considerak. affected by the extreme values. This method is advisable only when the variation in t 

It is based on only two It covers only 50% It is based on all the It is based on all the items of the series, | items. 

the largest and the 

Based on 

tems of the series. tems of the series. jtems size of items is very ittie. 
smallest. 

It is highly affected by tis notunduly affected It is less affected by t is affected by 
extreme valiues. 

2 Quartile deviation: The quartile deviation is a better measure than range as it is not afferted too much by the values of extreme items. It is easily calculated and is readily understood However, quartle deviation has no algebraic properties and its interpretation is dificult 

Effect of 

Extreme Items the extreme values. by extreme values. extreme values. 

10.26 LORENZ CURVE 
3. Mean Deviation: Mean deviation is based on all the items, but it ignores the signs of deviation and cannot be used for further algebraic treatment. 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 

imcome or wealth of a society. 

4. Standard deviation: Standard deviation is rigidly defined and is based on all the observatiors It is capable of algebraic treatment and is not affected very much by fluctuations of sampling So, the standard deviation scores over all other measures of dispersion. 
Now a days, the curve is also used to study the distribution of proit, wages, tumover, etc. 

Ver,Still the most common use of this curve is to show inequality of income or wealth 

in a country. 

However, it should be kept in mind that standard deviation gives comparatively greater imporan extreme varations, wtich should usualy be ignored 
e to 

ps involved in Drawing a Lorenz Curve 

PCalculate cumulative values of size of items (in case of diserete series) or mid-points 

(in case of continuous series). 

Comparison Between Mean Deviation and Standard Deviation S. No Mean Devietion 
Standard Deviation t is based on simple average of the sum of It is based on the square root of tne a 

absckste devations 
1 

consic as equal to 100 and then percentages are obtainled. 

tep 3. Determine cumulative frequencies. 

ate percentages for these cumulative values. For this, the last cumulative total is 

squared deviations. Mean deiation can be computed from mean, The standard deviatior 

2 

tion is always 
calculated 

tom 

hot 
the percentage for each cumulative trequeney. For this, the last cumulative 

total is considered 

median or mode and ts value diters in these cases the arithmetic mean. (unless the distribution is normal). Step 4. Calculate 
aigebraic signs (phus c minus) in its calculation are squared. So, the 

ard 

plus 
deviation, 

and 

the deviationa 

treatmert as t conisiders onty the absokute values. treatment, i.e., we can ftind pable the of further algebr 

3. Mean Deviation does not tave irto accunt the In calculation of stand 
tive trequencies. recd as equal to 100 and then perventages 

are obtained. 

BIgns neod 

Step 5. On the X 
us 

which is illogical 

Mean Deriation is not capable of further algebraic Standard deviation is capat bined st 

X-axis, start 
ep 6, On the Y-axis, start 

start trom 0 to 100 and take the perventage of cumulative 

lagonal line joining 0 to 100. This line is known as "Line of EquaB Distribution" 

or "Equality line" 

not be omitted. 4. 

tep 7, Draw a dia 
axis, start from 0 to 100 and take the penentage of variable. 

ved standard So, it is not possible to compute combined mean deviation of two or more seno 
deviation. 
-
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Y and tea 
ed shows the actual join these points witha smooth free hand curve. The curve so obtained shond the 

10.61 
m the following table, draw Lorenz curve for number of persons in GroupA 

Step 8. Plot the various points corresponding to the values of the variables X and 55. From the. 
Example 

and 
B and interpret the result. 

distribution. This curve is known as Lorenz Curve. 
Profit Eamed(Rin 000) 

No. of Persons (Group A) 

No. of Persons (Group B) 

20 
0 50 

Important Points of Interpretation of Lorenz Curve 

.If the distribution is uniform, the Lorenz Curve will coincide with the li 
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 exthn 

inequality in the items. The larger the area, more is the inequality. 
.If curves of various distributions are shown on the same Lorenz presentation, the o 

that is farthest from the diagonal line represents greatest inequality. 

60 
8 10 

15 12 14 
10 

11 

Solution: 

Profit Cumulative Cumulative 
Profit 

Group A 
(%) Group B No. of Cumulative Cumulative No.of Cumulative Cumulative Persons 

Eamed 

( (in 000) No. ) Persons curve 20 10 o. 
20 2 15 15 

25 
30 

50 25 14 
The following example will help us in understanding this phenomenon. 30 28 10 50 

10 90 45 0 68 
140 70 2 36 Example 54. From the following details of monthly income, drawa Lorenz curve. 

Income (in 000 

No. of persons 

50 2 5 
50 

90 

0-10 20-30 200 100 14 50 100 100 10-20 30-40 40-50 
4 5 5 4 

Solution: 
I00 

Monthly Mid-Value Cumulative 
Income ( 

% Cumulative No. of 

Persons ( 
Cumulative 9% Cumulative 

Frequency 
90 

Mid-values Mid-values Frequency 
(C.1) 

B0 

0-10 60 

10-20 15 20 16 
50 

40 
20-30 45 64 

30 20 30-40 

Group B 

35 30 84 21 
40-50 45 10 125 100 25 100 X 

Percentage of Persons 

ineu Curve of Group B is farthest from the line of equal distribution. So, Group B shows greater 
nequality as compared to Group A. 

10.27 MERITS AND DEMERITs OF LORENZ CURVE, 

00 

90 

80 
70 

30 Merits of Lorenz Curve 50 

1. Lorenz Curve is 
40 

Z Curve is attractive and it gives a rough idea of extent of dispersion. 
2. With the help of Lorenz 

30 Line 
of 

Equal 

Distribution 

20 

Lorenz Curve 

Cp of Lorenz curve, it becomes easy to conipare fuo or more series. 
10 Demerits of Lorenz Curve ve 

distri ve gives only a relative idea of the dispersion as compared with the line of equal 

ibution. 
Lorenz curve gives on Percentage of Persons The curve drawn is farther from the line of equal distribution. So, there is inequality in ai 

method of drawing Lorenz Curve is very dificult. 
n. lt does not provide us any numerical value of the variability for the given distribution. 

equalty in distribution of 

Lune 
of 

Equal 

Distribution 
Group A 
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FORMULAE AT A GLANCE 

10.63 
Short 

1. RANGE Cut 
1.1 Absolute Method 

Step 
Deviation 

NN) Measure Range = L-S 

1.2 Relative -S 

Measure Coefficient of Range S Method N 

Where, L= Largest item, and S = Smallest item 

Note: 

Variance = o2 

1. In case of continuous series, L, Le. largest item, will be the upper t 

class and smallest item (S) will be the lowaer limit of the lowest classO the hghe 
2. t both discrete and continuous series, the frequencies are immat 

epends on two extreme observations) 
Interquartile Range = Q-Q 

Coefficient of Standard Deviation 
4.2 Relative 

Measure 

es 

range Coefficient of Variation (C.V.) =x 100 -- 

2.QUARTILE 
DEVIATION 
2.1 Absolute N,o +Na0 +N,d+ Nedá 

Quartie Deviation a0 
Two Related Groups: 1,2 5. COMBINED 

STANDARD 
DEVIATION 

Measure 
N+Na 

2.2 Relative 

Coefficient of Quartile Deviation = 

3+Q 
Measure No+Nao2 + Nao+ N,d + N2dá + Nads 

N+Na+N 
Three Related Groups: O1,2,3 Where, 

QLower Quartle; g = Upper Quartile 

Note:In case of open-end series, Quartile Deviationis an appropriate measure of dispersin 
Individual Discrete Continuous Series 
Series Series 

3. MEAN 
DEVIATION 

3.1 Absolute 

Mean Deviation 
from Mean 

X-X D zx-X D 
N 

2m-XI,]D 
N N N N N 

Measure Mean Deviation X-Me_ZD 
from Median fX-Me f|Df|m-MelD 

N N N N N N 

Where, m= Mid-poin... 

MDx Coefficient of Mean Deviation from Mean (X) = 3.2 Relative 

Measure 

Coefficient of Mean Deviation from Median (Me) = MDM 
Me 

Standard Devlation 
4. STANDARD -- 

DEVIATION 
Individual Series Discrete Serles Continuous Seres 

4.1 Absolute Actual 
Mean Zfx 

N 
Measure 

Method VN N 
Direct 
Method 

Ex2 

VN 
Zfm 
N N- 



1 1 GIIs, (Im) Affe 

What is the meaning of Lorenz Curve? State the steps invok 

letion s, ) Aect of Extreme he 
tect of treme Items. 

and Standard Deviation 
12. What is the basis of 

drawing a Lorenz 
Unsolvea Practicals 

ms from ameasure of Range 
Individual Series 

coefficient of range of the following series, which gives the monthily sKpenditure 
1.Calculate Range and 

an)of seven students:22, 35, 32, 45, 42, 48.39 e deviations measured 
Pange 26: Coetficient of range-1.37 

2 Find range and coefficient of range from the weekly wage (in ) of 10 workers of a tactory 310. 350

420, 105, 115, 290, 245, 450, 300, 375. 
(Range 7345: Coefficiet of range-02 

DisCrete Series 

3. Find the range and coefficient of range of thefollowing 
9 

12 13 
10 11 

7 8 
0 

4. From the following data 
calculate 

range and 
coefficient 

of range: 

Size of shoes 
6 15 8 

20 
14 

8 
12 Range= 7: 

Coelfcient of range 
23 

No. of shoes sold 

50 
40 

30 10 

20 30 

Marks 
10 

12 
Range 

o0 
marks, 

Coelficvent 

/ ange 

No. of students 
8 Culate standard deviation 

asuring it. 
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