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MEASURES OF CENTRAL TENDENCY :
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An average value or a central value of a distribution is the value of variable which is representative of the
entire distribution, this representative value are called the measures of central tendency.
Generally the following five measures of central tendency.
(a) Mathematical average
(i) Arithmetic mean (ii) Geometric mean (ii) Harmonic mean
(b) Positional average

(i) Median (ii) Mode
1. ARITHMETIC MEAN :
(i) For ungrouped dist. : If x, x,, ...... x_ are n values of variate x, then their A.M. X is defined as
S
_ X1 + X9 +..... + Xn i=1
X =
n n
= Xx = nX

(ii) For ungrouped and grouped freq. dist. : If x, x x_are values of variate with corresponding

gy oo
frequencies f,, f,, ... f then their A.M. is given by

1) 27
f-X- n
fixy +fx, +.... +1 Z“
< = hxithx n¥n _ 0 . where N = Zfi
f 6+ N i=1

(iii) By short method : If the value of x are large, then the calculation of A.M. by using previous formula is
quite tedious and time consuming. In such case we take deviation of variate from an arbitrary point a.
Let d=x-a

_ Zfd;

X =a+ —, where ais assumed mean

N
(iv) By step deviation method : Sometime during the application of short method of finding the A.M. If
each deviation d, are divisible by a common number h(let)

Let u= ===

[llustration 1

If the mean of the series X5 Xpy cnees , X is X, then the mean of the series x + 2 i= 1, 2, ........ , n will be-
(1) X+n (2 X+n+1 B x +2 @) XxX+2n
Solution
As given§=X1+X2+ ..... +X, e
n
If the mean of the series x + 2i,i=1, 2, ..... , n be )_(, then
)—(:(xl+2)+(X2+2.2)+(x3+2.3)+ ..... +(x, +2.n)
n
Xy +Xp +o +X +2(1+2+3+ ..... +n)
n n
_ 2n(n+1)
=X+ from (1)
2n
=X +tn+1 Ans. (2)
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lllustration 2
Find the A.M. of the following freq. dist.

X, |5]181]11(14 |17

1

ft14]5|6 [1020

1

Solution
Here N=2Xf =4 +5+6 + 10 + 20 = 45
Ifx =05 4 +(@® 5+ (11 6)+ (14 10)+ (17 20) = 606
2fx, 606

lllustration 3
Find the mean of the following freq. dist.

x| 5115125 |35|45 |55
12118 {27 (20|17 | 6

i

Solution
Let assumed mean a = 35, h = 10

here N - Xf - 100, u - 2132
ere N = Xf = T 10

Zfu=(12 -3)+ (18 -2)+ (27 -1)+(20 0 ~+(17 1)+® 2)=-70

Toma [ g5 ETO g g
x-a N )T 100 -

Hllustration 4

If a variable takes the value 0, 1, 2...... n with frequencies proportional to the bionomial coefficients "C,,,

"C,,.....,"C_ then the mean of the distribution is-
o n(n+1) 2 n 3) n(n-1) @ n(n+1)
4 2 2 2
Solution

N=2f=k[C,+"C, +..+"C]=ke

Sfx=k[1C, +2°C,+ .. +nC]=kDr"C =kn} "'C , =kn2""

r=1 r=1

Thus % = m 270)= 2. Ans. (2)
2" 2
(v) Weighted mean : If w,, w,, ...... w_are the weights assigned to the values x,, x,, ..... x_respectively then

their weighted mean is defined as

2w
. WiX] + WoXg +.on W, X -
Weighted mean = non o il
Wit tw 2

lllustration 5
Find the weighted mean of first n natural numbers when their weights are equal to their squares respectively

Solution

Weichted Mean — 11%+2.2% 4. 4nn® _ °+2° 440  m@n+1)/2F  _ 3nl+])
s 12422+, .+n? 12422+ +n® Inn+1)2n+1)/6] 2@2n+1)
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(vi) Combined mean : If X; and X, be the means of two groups having n, and n, terms respectively then
the mean (combined mean) of their composite group is given by

. n;X; +NyXy
combined mean = ——=
) n;X; +nXy +ngX3 +....
If there are more than two groups then, combined mean =

nl +n2 +n3 +..~.

lllustration 6
The mean income of a group of persons is Rs. 400 and another group of persons is Rs. 480. If the mean
income of all the persons of these two groups is Rs. 430 then find the ratio of the number of persons in the
groups.

Solution
Here Xx; =400, X, =480, x =430

_ _ X +ngXp 400n; +480n,
X = =430 = —————=
n; +ny ny +n,
5
= n, = 3

(vii) Properties of Arithmetic mean :
® Sum of deviations of variate from their A.M. is always zero i.e. Z(x - X) =0, Zf(x, - X)=0

® Sum of square of deviations of variate from their A.M. is minimum i.e. X(x - X)* is minimum

® If X is the mean of variate x then AM. of (x +A) = X + A
AM. of (kx) = AX
AM. of (ax +b) = ax +b (where A, a, b are constant)

® AM. is independent of change of assumed mean i.e. it is not effected by any change in assumed mean.

Do yourself - 1 :

(i) If in an examination different weights are assigned to different subjects Physics (2), Chemistry (1),
English (1), Mathematics (2) A student scores 60 in Physics, 70 in Chemistry, 70 in English and 80 in
Mathematics, then weighted mean is -

(1) 60 (2) 70 (3) 80 (4) 85

(ii) The mean of the following freq. table is 50 and Xf = 120

class | 0-20 [ 20-40 [40-60 [ 60-80 [ 80100
£ ] 17 f 32 f, 19

the missing frequencies are-
(1) 28, 24 (2) 24, 36 (3) 36, 28 (4) None of these

(iii) A student obtained 75%, 80%, 85% marks in three subjects. If the marks of another subject are added

then his average marks can not be less than-

(1) 60% (2) 65% (3) 80% (4) 90%
2. GEOMETRIC MEAN :
(i) For ungrouped dist. : If x, x,, ..... x_are n positive values of variate then their geometric mean G is
given by
G=(x X%, ... x )V

1 n
= G = antilog | =) logx;
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(ii) For freq. dist. : If x, x,, .... x_are n positive values with corresponding frequencies f,, f,, ... f resp.
then their G.M.

N R f.\1/N
G = (x!xxZx... XxM)

1 n
= G = antilog| — ) f logx;
Q{N; ' }

Note :- If G, and G, are geometric means of two series which containing n, and n, positive values resp.
and G is geometric mean of their combined series then

1
G = (G?l XG;z)nﬁﬂz

logG; +n,logG
= G= antilog|:rll 0801 77, 08 2}
nl +n2

[lustration 7
Find the G M. of 1, 2, 22, ... , 20

Solution

1
n(n+l) |41
=12 2 =2n/2

3. HARMONIC MEAN

(i) For ungrouped dist. : If x,, x

s eees x_ are n non-zero values of variate then their harmonic mean H is

defined as
He 45—~ ™
e Zl
X1 X2 Xn =%
(ii) For freq. dist. : If x, x,, .... x_are n non-zero values of variate with corresponding frequencies
f,f, ... f respectively the their H.M.
- . £ nN
1424+ Zil
X1 X3 Xy —=x
lllustration &
Find the H.M. of L l L L
1nte..02,3,4, ..... 17
Solution
HM. = & -z
o 1 1 1 2+3+...+17 19
St
X1 Xg Xp

Note :- If A, G, H are A .M. G.M. H.M. of a series respectively then
A>G>H
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4. MEDIAN :

The median of a series is the value of middle term of the series when the values are written in ascending

order. Therefore median, divided an arranged series into two equal parts.
Formulae of median :

(i) For ungrouped distribution : Let n be the number of variate in a series then

n+1)" .
2 term, (when n is odd)

Median = n th n th
Mean of[gj and [§+1] terms, (when n is even)

(ii) For ungrouped freq. dist. : First we prepare the cumulative frequency (c.f.) column and Find value of
N then

th
[NTH) term, (when N is odd)

Median =
N N th
Mean of [5) and (E+1j terms, (when N is even)

N
(iii) For grouped freq. dist : Prepare c.f. column and find value of 5 then find the class which contain

value of c.f. is equal or just greater to N/2, this is median class

i)
Median = ¢ + ZT h

where { — lower limit of median class
f — freq. of median class
F — c.1. of the class preceeding median class

h — Class interval of median class

lllustration 9
Find the median of following freq. dist.
class [0-10|10-20|20-30 |30-40 [40-50
f 8 30 40 12 10

Solution

class f | ctf.

0-10 | 8 8

10-20 |30 | 38
20-30|40| 78
30-40|12 | 90
40-50]10 1100

N 100
> = TN = 50 which lies in the value 78 of c.f. hence corresponding class of this c.f. is 20-30 is the
median class, so

(=20, {=40,F =38, h=10

Here

N_F]
50-38
L2 ) g 80239

Median = ¢ + ( 40 0=23
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5. MODE :

In a frequency distribution the mode is the value of that variate which have the maximum frequency
Method for determining mode :
(i) For ungrouped dist. : The value of that variate which is repeated maximum number of times

(ii) For ungrouped freq. dist. : The value of that variate which have maximum frequency.

(iii) For grouped freq. dist. : First we find the class which have maximum frequency, this is model calss

f0 _fl

Mode = ¢/ + ———

where { — lower limit of model class
f,— freq. of the model class
f, — freq. of the class preceeding model class
f, — freq. of the class succeeding model class
h — class interval of model class

lllustration 10
Find the mode of the following frequecy dist

class |0-10 |{10-20 |{20-30 | 30-40 [ 40-50 | 50-60 [60-70 | 70-80
f; 2 18 30 45 35 20 6 3

1

Solution

Here the class 30-40 has maximum freq. so this is the model class
¢ =30, f,=45, f =30, f,= 35, h = 10

Mode = ¢ + — 0= p 39, 45-30 445 o
26, —f, -, 2x45-30-35
6.  RELATION BETWEEN MEAN, MEDIAN AND MODE :

In a moderately asymmetric distribution following relation between mean, median and mode of a distribution.

It is known as imprical formula.
Mode = 3 Median - 2 Mean
Note (i) Median always lies between mean and mode

(ii) For a symmetric distribution the mean, median and mode are coincide.

Do yourself - 2 :

(i) Median of the distribution :
ZOCO’ 20C19’ 20C2, 20C17, 20C4' 20C15’ ZOC
2C,,» *C,, *C,,, *°C,, will be -

(1) %C, (2) %C,, (3) 2°C, (4) None

9

(ii) Let a, b, c and d are real numbers (d > a > b > ¢). If mean and median of the distribution a, b, ¢, d are
5 and 6 respectively then the value of —-a + 3d + 3c — b is :
(1) 8 (2) 10 (3) 12 (4) None

(iii) Let median of 23 observations is 50 if smallest 13 observations are increased by 2 then median will

become :-

(1) 50 (2) 52 (3) Can't say anything (4) None of these
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7. MEASURES OF DISPERSION :

The dispersion of a statistical distribution is the measure of deviation of its values about the their average

(central) value.

It gives an idea of scatteredness of different values from the average value.

Generally the following measures of dispersion are commonly used.

(i) Range (ii) Mean deviation (iii) ~ Variance and standard deviation

(i) Range : The difference between the greatest and least values of variate of a distribution, are called the
range of that distribution.
If the distribution is grouped distribution, then its range is the difference between upper limit of the

maximum class and lower limit of the minimum class.

difference of extreme values

Also, coefficient of range =
sum of extreme values

[lllustration 11
Find the range of following numbers 10, 8, 12, 11, 14, 9, 6
Solution

Here greatest value and least value of the distribution are 14 and 6 resp. therefore
Range = 14 - 6 = 8

(ii) Mean deviation (M.D.) : The mean deviation of a distribution is, the mean of absolute value of
deviations of variate from their statistical average (Mean, Median, Mode).

If A is any statistical average of a distribution then mean deviation about A is defined as

Zn:| X; — Al
i=1

n

Zn:fi %, —A|
i=1

N
Note :- Mean deviation is minimum when it taken about the median

Mean deviation (for ungrouped dist.)

Mean deviation (for freq. dist.)

[llustration 12

Find the mean deviation of number 3, 4, 5, 6, 7
Solution

Heren=5 X =5
2| x; —X

Mean deviation =
n

1
= g3 -5 +14-51+15-5]+16-5]+1|7-5]l

1 6
E[2+1+0+1+2]= =12

5
IHllustration 13

Find the mean deviation about mean from the following data

319 |17 (23|27
8110129 | 5

39



JEE-Mathematics 23 ALLEN

Solution
X5 ] fx, | %, —X| £l % —X|
8 24 12 96
9 10 90 6 60
17 12 204 2 24
23 9 207 8 72
27 5 135 12 60
N =44 | Zftx, =660 Tt | %, —X|=312
Mean (X) = % = @ =15
N 44
Xf | x —x] 312
Mean deviation = = =7.09

N 44

KOTA (RAJASTHAN

Do yourself - 3 :

(1) 52.4 (2) 52.5 (3) 52.8 (4) none of these
(ii) The mean deviation of the series a,a+d a+2d, ... ,a+ 2nd from its mean is-
n+1 n(n +1) n(n —1)
d d d
(1) onal | d]f 2) one1 | d| 3 ont1 | d| (4) none of these

(i) The mean deviation about median from the following data 340, 150, 210, 240, 300, 310, 320, is-

(iii) Variance and standard deviation : The variance of a distribution is, the mean of squares of deviation

of variate from their mean. It is denoted by c? or var(x).

The positive square root of the variance are called the standard deviation. It is denoted by ¢ or S.D.

Hence standard deviation = ++/variance
Formulae for variance :

(i) for ungrouped dist. :

o, =
n

Tx? sx2  (=x, Y
62— Xi __Z_L_[_lj
* n n n

2

¥d? ¥d,
65 = — (—j , whered =x-a

n n

(ii) For freq. dist. :

o, =
N
62 _ zfixi2 _ (i)Z _ Z"fiXiZ _ (Efixi ]2
* N N N
,  Shd? (=fd, Y
47N TN
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(iii) Coefficient of S.D. =

x|

Coefficient of variation = 100 (in percentage)

x| a

Note :- c?= Gi= 63 = hZGi

Hlustration 14
Find the variance of first n natural numbers

Solution

Tx’ (zx,jz *n? [2nj2 n(n+1)(2n +1)
- - 6n

[llustration 15

18

18 18
If Z(Xi -8)=9 and le(xi -8)% - 45, then find the standard deviation of x,, x,, ... x
i=1 i=

Solution
Let (xi - 8) = di

o &(&) 45 (9V b1 _3
% % n n 18 (18 2 4 2

[llustration 16
Find the coefficient of variation of first n natural numbers

Solution

For first n natural numbers.

Mean (X) = ntl , SD.(o) = n® -1
2 12
2 _
coefficient of variance = ° 100 = n_ -1 1 100 = 100
X 12 (n+1) 3(n+1)
2
8. MEAN SQUARE DEVIATION :

The mean square deviation of a distrubution is the mean of the square of deviations of variate from assumed
mean. It is denoted by S?
S(x, —a)® _ =d?

Hence S = = (for ungrouped dist.)
n n

X(x; —a)’  Zfdl
N N

(for freq. dist.), where d = (x, - a)

[lllustration 17

1 n
The mean square deviation of a set of n observations x,, X,, ..... , X_about a point ¢ is defined as — Z(xi —c)?
i1
The mean square deviation about -2 and 2 are 18 and 10 respectively, then standard deviation of this set of
observations is-

1) 3 2) 2 3) 1 (4) None of these
41
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Solution
1 1
—IZ(x+ 2= 18 and —X(x - 2)*= 10
n n
= I+ 2°=18n and X(x - 2= 10n
= I+ 2P+ Zx-2=28nand X (x + 2P~ X(x - 2°=8n
= 25x7 +8n1=28n and 83x = 8n
= ZX? =10n and 2x=n
%2
= = -10 and =L =1
n
x? X z
L o= T_(TJ = J10-1? =3 Ans. (1)
9. RELATION BETWEEN VARIANCE AND MEAN SQUARE DEVIATION :
2 Zfldl2 (Zfldl JZ
o= A% | ST
N N

= of=s2- &,

=

Hence the variance is the minimum value of mean square deviation of a distribution

where d = x - a=

s=co?+d = s> 0o?

Std,
N

[llustration 18

Determine the variance of the following frequency dist.

Solution

class |0-2 |2-4(4-6 |6-8|8-10|10-12

f; 2 7 12 19 9 1

leta=7, h=2
class | x; fi u; = Xih_a fu, fiui2
0-2 1 2 -3 -6 18
2-4 3 7 -2 -14 28
4-6 5 12 -1 -12 12
6-8 7 19 0 0 0
8-10 | 9 9 1 9 9
10-12 |11 1 2 2 4
N =50 Tfu, =21 | Zfu? =71
2 2

9 _ 12 2:fiuiz Zhy, _ 2_ ﬂ _ B
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MATHEMATICAL PROPERTIES OF VARIANCE :
® Var(x + A) = Var.(x)

Var.(Ax) = A*.Var(x)

Var(ax, + b) = a*Var(x)

where A, a, b, are constant

® If means of two series containing n,, n, terms are X;, X, and their variance's are cf , c% respectively and

their combined mean is X then the variance o2 of their combined series is given by following formula

2 | 42 2, 42
nq (o7 +dj)+n, (o5 +d5) _ _ _
o? = -1 1 22 ¢ where d = X; - X, d,= X3 - X
(n; +ny) !

2 2
n,; oy +1’1262 X ning —

—\2
2= 5 (x; —%5)

n; +n, (ny +ny)

Do yourself - 4 :

(i) The variance of first 20-natural numbers is-
133 ) 379 3) 133 @ 399
4 12 2 4

(ii) The mean and variance of a series containing 5 terms are 8 and 24 respectively. The mean and variance

(1)

of another series containing 3 terms are also 8 and 24 respectively. The variance of their combined
series will be-

(1) 20 (2) 24 (3) 25 4) 42

(iii) Variance of the data given below is

Size of item | 3.5 |4.5 (55 [6.5|7.5(85 (9.5
Frequency | 3 7 |22 |60 |8 |32 | 8

(1) 1.29 (2) 2.19 (3) 1.32 (4) none of these

(iv) The mean and variance of 5 observations of an experiment are 4 and 5.2 respectively. If from these
observations three are 1, 2 and 6, then the remaining will be-
(1) 2, 9 (2 5, 6 (3) 4, 7 (4) 3, 8

ANSWERS FOR DO YOURSELF

DN

(i)
(i)
(i)
(i)

(ii)
(i)
(i)
(i)

(iii) 1
(iii) 3

= W NN
NN W

(iii) 3 (iv) 3
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