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Statistics

 MEASURES OF CENTRAL TENDENCY
It is that single value which may be taken as the most
suitable representative of the data. This single value
is known as the average. Averages are generally the
central part of the distribution and therefore they are
also called the measures of central tendency.
It can be divided into two groups :

(a) MATHEMATICAL AVERAGE :
I. Arithmetic mean or mean
II. Geometric mean
III.Harmonic mean

(b) POSITIONAL AVERAGE :
I. Median
II. Mode

 ARITHMETIC MEAN
Arithmetic mean of ungrouped data :

If x1, x2 , ......, xn be n observations, then their
arithmetic mean is given by
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Arithmetic mean of discrete grouped data :
Let x1 , x2 , ...., xn be n observation and let f1, f2 ,
......, fn be their corresponding frequencies, then their

mean  
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Arithmetic mean of continuous grouped data :
Take mid points of given classes  as xi and use formula
as given for discrete grouped data.

Short cut method :
Assumed Mean Method :

If the values of x or (and) f are large, the calculation
of arithmetic mean by the previous formula used, is
quite tedious and time consuming. In such case we
take the deviation from assumed mean A which is in
the middle or just close to it in the data.

Then 
i

ii

f
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where di = xi – A = deviation for each observation
This method is nothing but shiffting of origin from
zero to the assumed mean on the number line.
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Ex. 1 Find the mean of the following frequency
distribution

x: 5 15 25 35 45 55
f: 12 18 27 20 17 6

Sol. Here  N =  fi = 100. On taking assumed mean a
= 35.
fidi =  fi (xi – 35) = 12(–30) + 18(–20) +
27(–10) + 20(0) + 17(10) + 6(20) = –700

 28
100
70035

N
dfax ii 







Step Deviation Method or Change of Scale
Sometimes during the application of shortcut method
of finding the mean, the deviation di are divisible by
a common number h (say). In such case the
arithmetic is reduced to a great extent taken by-

id , i = 1, 2, ..... n



Note :
* a and h can be any numbers but if the lengths of

class intervals are equal then h may be taken as width
of the class interval.

* In particular if each observation is multipled or
divided by a constant, the mean is also multiplied or
divided by the same constant.

Weighted Arithmetic Mean
If w1, w2, w3 ......, wn are the weight assigned to the
values x1, x2, x3 ....., xn respectively, then the weighted
average is defined as-

weighted A.M. = 
n21
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Ex.2 Find the weighted mean of first n natural numbers
when their weights are equal to their squares.

Sol. Weighted mean = 222

222

n.....21
n.n.....2.21.1




= 222

333
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Combined Mean

If 1 2x and x  be the means of two related groups
having n1 and n2 items respectively then the combined
mean x  of both the group is given by

x .

If there are more than two groups then

x

Ex.3 The mean income of a group of person is Rs.400.
Another group of persons has mean income Rs.480.
If the mean income of all the persons in the two
groups together is Rs. 430, then find the ratio of the
number of persons in the groups.

Sol.
21
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 PROPERTIES OF ARITHMETIC MEAN
(i) If x  is the mean of x1, x2, ....., xn, then mean of ax1 +

b,  ax2 + b, .... axn + b is xa  + b.
(ii) Arithmetic mean is dependent on change of origin &

scale.
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 MERITS OF ARITHMETIC MEAN
(i) It is rigidly defined.
(ii) It is based on all the observation taken.
(iii) It is calculated with reasonable ease.
(iv) It is least affected by fluctuations in sampling.
(v) It is based on each observation and so it is a better

representative of the data.
(vi) It is relatively reliable
(vii) Mathematical analysis of mean is possible.

 DEMERITS OF ARITHMETIC MEAN
(i) It is severely affected by the extreme values.
(ii) It cannot be represented in the actual data since the

mean does not coincide with any of the observed
value.

(iii) It cannot be computed unless all the items are
known.

Ex.4 Find mean of data 2, 4, 5, 6, 8, 17.

Sol. Mean = 6
1786542 

 = 7

Ex.5 Find the mean of the following distribution :
x : 4 6 9 10 15
f : 5 10 10 7 8

Sol. Calculation of Arithmetic Mean
xi fi fixi

4 5 20
6 10 60
9 10 90
10 7 70
15 8 120

 N =  fi = 40  fixi = 360

 Mean = X  = 
i

ii

f
xf




 = 40
360

 = 9
Ex.6 Find the mean wage from the following data :

Wage (in Rs) : 800 820 860 900 920 980 1000
No. of workers : 7 14 19 25 20 10 5

Sol. Let the assumed mean be A = 900 and h = 20.
Calculation of Mean

Wage (in Rs) xi No. of workers f i di = xi – A = xi – 900 fiui

800 7 –100 –5 –35

820 14 –80 –4 –56

860 19 –40 –2 –38

900 25 0 0 0

920 20 20 1 20

980 10 80 4 40

1000 5 100 5 25

N =  fi = 100  fi ui = –44

20
900xu i

i




We have, N = 100,  fiui = –44, A = 900 and h = 20

 Mean = X  = A + h 






  iiuf
N
1

 X  = 900 + 20 × 100
44

 = 900 – 8.8 = 891.2

Hence, mean wage = Rs. 891.2
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Ex.7 Find the mean of the following frequency distribution :
Class-interval : 0 – 10 10 – 20 20 – 30 30 – 40 40 – 50
No. of workers f : 7 10 15 8 10

Sol. Calculation of Mean

Class-interval Mid-values (x i) Frequency fi di =  x i – 25 fiu i

0 – 10 5 7 –20 –2 –14

10 – 20 15 10 –10 –1 –10

20 – 30 25 15 0 0 0

30 – 40 35 8 10 1 8

40 – 50 45 10 20 2 20

N =  fi = 50  fiui = 4

10
25xu i

i




We have, A = 25, h = 10, N = 50 and fiui  = 4.

 Mean = A + h 






  iiufN

1
 mean = 25 + 10 × 50

4
 = 25.8

Ex.8 Find the mean marks of students from the
following cumulative frequency distribution :

Sol. Here we have, the cumulative frequency distribution.
So, first we convert it into an ordinary frequency
distribution. We observe that there are 80 students
getting marks greater than or equal to 0 and 77
students have secured 10 and more marks. Therefore,
the number of students getting marks between 0 and
10 is 80 – 77 = 3.

Similarly, the number of students getting marks
between 10 and 20 is 77 – 72 = 5 and so on. Thus,
we obtain the following frequency distribution.

Now, we compute arithmetic mean by taking 55 as
the assumed mean.
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Computation of Mean

Marks
Mid-value

(xi)
Frequency

(fi)
fiui

0 – 10 5 3 –5 –15

10 – 20 15 5 –4 –20

20 – 30 25 7 –3 –21

30 – 40 35 10 –2 –20

40 – 50 45 12 –1 –12

50 – 60 55 15 0 0

60 – 70 65 12 1 12

70 – 80 75 6 2 12

80 – 90 85 2 3 6

90 – 100 95 8 4 32

Total fi = 80 fiui = –26

10
55x

u i
i




We have,
N = fi = 80, fiui = – 26, A = 55 and h = 10

 X  = A + h 






  iiuf
N
1

 X  = 55 + 10 × 80
26

 = 55 – 3.25 = 51.75 Marks

 GEOMETRIC MEAN
(i) In case of individual series

If x1, x2, ...... xn are n positive values of a variate x,
then their geometric mean G is defined as

G = (x1x2......xn)
1/n or G = anti log 













n

1i
ixlog

n
1

(ii) In case of descrete series
If f1, f2, .... fn are frequencies of the values x1, x2, .....

xn of the variate respectively, then N/1nf
n

2f
2

1f
1 x......xxG

G = anti log 






 
N

xlogf ii where 



n
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ifN

Note : If G1, G2 are geometric means of two series
containing n1, n2 values respectively, then the
geometric mean of their combined series G is given by

21

2211
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Ex.9 Find the geometric mean of 1, 2, 22, .....2n.
Sol. G.M. = (1.2.22......2n)1/n+1 = [2(1+2+..+n)]1/(n+1) = 2n/2

 HARMONIC MEAN
If x1, x2, ......., xn are n non-zero values of a variate
x, then their harmonic mean H is defined as follows-

n21 x
1.....

x
1

x
1

nH




If f1, f2,....., fn are frequencies of the values x1, x2,
......, xn of the variate respectively, then













i
i x

1f
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Note :  If A, G, H are AM, GM, HM respectively of
some obsevations, then A  G  H

Ex.10 Find the harmonic mean of 17
1,......,

5
1,

4
1,

3
1,

2
1

.

Sol. H.M. = 










n

1i ix
1

n
1

1   (For individual series)

= 
19
2

)17.....32(
16
1

1
16

1i
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MEDIAN
Median is the middle most or the central value of the
variate in a set of observations when the
observations are arranged either in ascending or in
descending order of their magnitudes. It divides the
arranged series in two equal parts.

(i) Median of an individual series :
Let x1, x2,  . . . . . . . , xn be n observations arranged
in ascending or descending order. Then

Median (M) = Value of 
th

2
1n







 
 observation if n is

odd
Median (M)  =

2

nobservatio1
2
nnobservatio

2
n thth







 








 if n is even

(ii) Median of the discrete frequency distribution :
Find the cumulative frequency (C.F.)

Median (M) = Value of 
th

2
1N






 

 observation if N is

odd
Median (M)  =

2

nobservatio1
2
Nnobservatio

2
N thth







 








 if N is even

where N = 


n

1i
if

(iii) Median of continuous frequency distribution :
Let the number of observation be N. Prepare the
cumulative frequency table. Find the median class
i.e. the class in which the observation whose
cumulative frequency is equal to or just greater than

2
N  lies.

The median value is given by the formula :

Median (M) =  + 


























f

c
2
N

 × h where

N = total frequency = fi

= lower limit of median class
f = frequency of the median class
c = cumulative frequency of the class preceding the
median class
h = class interval (width) of the median class

MERITS AND DEMERITS OF MEDIAN
The following are some merits and demerits of
median :

Merits :
(i) It is easy to compute and understand.
(ii) It is well defined an ideal average should be
(iii) It can also be computed in case of frequency

distribution with open ended classes.
(iv) It is not affected by extreme values.
(v) It can be determined graphically.
(vi) It is proper average for qualitative data where items

are not measured but are scored.
Demerits :
(i) For computing median data needs to be arranged in

ascending or descending order.
(ii) It is not based on all the observations of the data.
(iii) It cannot be given further algebraic treatment.
(iv) It is affected by fluctuations of sampling.
(v) It is not accurate when the data is not large.
(vi) In some cases median is determined approximately

as the mid-point of two observations
whereas for mean this does not happen.

Ex.11 Find the median of the following marks obtained
by 100 students

Sol.
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2

1N  = 50.5 which lies in the value 78 of cf. hence

class of this cf i.e. 20–30 is the median class.

So  = 20, f = 40, F = 38, N = 100, h = 10

 median =  + h
f

FN2
1




= 20 + 2310
40

3850




Ex.12 Find the median of observations 4, 6, 9, 4, 2, 8, 10

Sol. Values in ascending order are 2, 4, 4, 6, 8, 9, 10

here n = 7 so 
2

1n  = 4

so median = 4th observaiton = 6

Ex.13 Obtain the median for the following frequency
distribution :

691525201611108f
987654321x

Sol.

120N
12069
11498
105157
90256
65205
45164
29113
18102
881
cffx



Here, N = 120 
2
N  = 60

We find that the cummulative frequency just greater

than 
2
N  i.e., 60 is 65 and the value of x corresponding

to 65 is 5. Therefore, Median = 5.

Ex.14 Calculate the median from the following
distribution :
Class Frequency
5-10 5
10-15 6
15-20 15
20-25 10
25-30 5
30-35 4
35-40 2
40-45 2

Sol.

49N
4924540
4724035
4543530
4153025
36102520
26152015
1161510
55105
FrequencyCumulativeFrequencyClass











We have, N = 49


2
N  =

2
49  = 24.5

The cummulative frequency just greater than 
2
N  is

26 and the corresponding class is 15-20.
Thus 15-20 is the median class such that  = 15,
f = 15, F = 11 and h = 5

 Median =  + h
F–

2
N


f

 = 15 + 5
15

11–5.24


= 15 + 3
5.13

 = 19.5

Statistics



8

 MODE
In a frequency distribution the mode is that value of
the variate which has the maximum frequency.

Method for determining mode :
(i) For ungrouped distribution :

In case of ungrouped distribution, values are first
arranged in ascending or descending order and their
respective frequencies are written against them. Then
by observing their frequencies, the value containing
maximum frequency is determined to be the mode.

(ii) For grouped distribution :
In this case, first we find the modal class (containing
the maximum frequency), then the exact value of the
mode is found by during the following formula ;

Mode = h
fff2

ffl
21

1 





where l = lower limit of the modal class
f = frequency of the modal class
f1 = frequency of the class preceding the
modal class
f2 = frequency of the class following the
modal class
h = width of the modal class

 MERITS, DEMERITS OF MODE :
The following are some merits and demerits of
mode :

Merits :
(i) It is readily comprehensible and easy to compute.

In some case it can be computed merely by
inspection.

(ii) It is not affected by extreme values. It can be
obtained even if the extreme values are not known.

(iii) Mode can be determined in distributions with open
classes.

(iv) Mode can be located on graph also.

Demerits :
(i) It is ill-defined. It is not always possible to find a

clearly defined mode. In some cases, we may come
across distributions with two modes. Such
distributions are called bimodal. If a distribution has
more than two modes, it is said to be multimodal.

(ii) It is not based upon all the observation.
(iii) Mode can be calculated by various formulae as such

the value may differ from one to other. Therefore, it
is not rigidly defined.

(iv) It is affected to a greater extent by fluctuations of
sampling.

 USES OF MODE :

Mode is used by the manufacturers of ready-made
garments, shoes and accessories in common use etc.
The readymade garment manufacturers made those
sizes more which are used by most of the persons
than other sizes. Similarly, the makers of shoes will
make that size maximum which the majority people
use and others in less quantity.

 RELATIONSHIP BETWEEN MEAN, MODE
 AND MEDIAN :

(i) In symmetrical distribution, Mean = Mode = Median
(ii) In skew (moderately asymmetrical) distribution,

Mode = 3 Median – 2 Mean

Graphical Representation of Data :
Usually comparisons among the individual items are
best shown by means of graphs. The representation
then becomes easier to understand than the actual
data. We shall study the following graphical
representations in this section

(A) Bar graphs

(B) Histograms of uniform width and of varying widths

(C) Frequency polygons
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(A) Bar graphs :  A bar graph is a pictorial representation of data in which usually bars of uniform width are drawn
with equal spacing between them on one axis (say, x-axis), depicting the variable. The values of the variable are
shown on the other axis (say, the y-axis) and the heights of the bars depend on the values of the variable.
For example, in a particular section of class IX, 40 students were asked about the months of their birth and the
following graph was prepared for the data so obtained :

The variable here is the ‘month of birth’ and the value of the variable is the ‘Number of students born’.
The maximum number of students were born in the month of August.

(B) Histogram : This is form of representation like the
bar graph, but it is used for continuous class
intervals. For instance, consider the frequency
distribution table representing the weights of 36
students of a class :

Weight (in kg) Number of students
30.5-35.5 9
35.5-40.5 6
40.5-45.5 15
45.5-50.5 3
50.5-55.5 1
55.5-60.5 2
Total 36

Let us represent the data given above graphically as
follows :

Since there are no gaps in between consecutive
rectangles, the resultant graph appears like a solid
figure. This is called a histogram. Unlike a bar graph,
the width of the bar plays a significant role in its
construction. Here, in fact areas of the rectangles
erected are proportional to the corresponding
frequencies since the widths of the rectangles are all
equal.
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(C) Frequency Polygon : There is yet another visual
way of representing quantitative data and its
frequencies. Consider the histogram represented by
figure shown above. Let us join the mid-points of
the upper sides of the adjacent rectangles of this
histogram by means of line segments. Let us call these
mid-points B, C, D, E, F and G. When joined by
line segments, we obtain the figure BCDEFG. To
complete the polygon, we assume that there is a class
interval with frequency zero before 30.5 – 35.5 and
one after 55.5 – 60.5 and their mid-points are A
and H respectively. ABCDEFGH is the given
frequency polygon corresponding to the given data

Althrough there exists no class preceding the lowest
class and no class succeeding the highest class,
addition of the two class intervals with zero frequency
enables us to make the area of the frequency polygon
the same as the area of the histogram. Frequency
polygons can also be drawn independently without
drawing histogram. Frequency polygons are used
when the data is continuous and very large. It is very
useful for comparing two different sets of data of the
same nature, for example, comparing the
performance of two different sections of the same
class.

Skewness : We study skewness to have an idea
about the shape of the curve which we can draw
with the help of the given data. The term ‘skewness’
refers to lack of symmetry. We can define skewness
of a distribution as the tendancy of a distribution to
depart from symmetry. In a symmetrical distribution
we have Mean = Median – Mode. When the
distribution is not symmetrical, it is called
asymmetrical or skewed.In a skewed distribution
Mean  Median  Mode. In positively skewed
distribution we have Mean > Median > Mode. In
Negatively skewed distribution, we have Mean <
Median < Mode.

Ex.15 Find mode of data 2, 4, 6, 8, 8, 12, 17, 6, 8, 9.
Sol. 8 occurs maximum number of times so mode = 8

Ex.16 Compute the mode for the following frequency
distribution :

Size of items Frequency
0 - 4 5
4 - 8 7
8 - 12 9
12 - 16 17
16 - 20 12
20 - 24 10
24 - 28 6
28 - 32 3
32 - 36 1
36 - 40 0
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Sol. Here, the maximum frequency is 17 and the
corresponding class is 12-16 So 12-16 is the modal
class.
We have,  = 12, h = 4, f = 17,  f1 = 9 and  f2 = 12

 Mode =  + 
21

1

––2
–

fff
ff  × h

 Mode = 12 + 
12–9–34

9–17 × 4

 Mode = 12 + 13
8

× 4 = 12 + 13
32

 = 12 + 10.66

= 32.66

 MEASURES OF DISPERSION
The dispersion of statistical distribution is the measure
of the deviation of its values about the average
(central) value. It gives an idea of scatteredness of
different values from the mean.
The following measures of dispersion are commonly
used :
(i) Range (ii) Quartile deviation
(iii) Mean deviation (iv) Standard deviation

(i) Range
The difference between the greatest and the least
values of variate of a distribution, is called the range
of that distribution. If the distribution is continuous
grouped distribution, then its
Range = upper limit of the maximum class - lower
limit of the minimum class.
Also
the coefficient of the range

= valuesextremeofsum
valuesextremeofdifference

(ii) Quartile deviation

Quartile deviation Q = 
2

QQ 13 

Coefficient of quartile deviation = 
13

13

QQ
QQ




Note : If the distribution is symmetrical, then
Q = M – Q1 = Q3 – M where M is the median.

(iii) Mean deviation
The mean deviation of a distribution is the arithmetic
mean of the absolute values of the deviation of
different values of the variate from a statistical average
(mean, median or mode) of the distribution.
If x1, x2.....xn are n observation then mean deviation
about a point A is given by

Mean deviation =   Ax
n
1

i

In case of discrete series

Mean deviation = 



n

1i
ii Axf

N
1

, where    N = 


n

1i
if

Coefficient of mean deviation = 
A

deviationmean

Note : Mean deviation is least when taken from the
median.

Ex.17 Find the mean deviation of number 3, 4, 5, 6, 7.

Sol. Mean deviation = 



5

1i
i |xx|

5
1

= 5
1

 {|3 – 5| + |4 – 5| + |5 – 5| + |6 – 5| + |7 – 5|}

= 5
1

 {2 + 1 + 1 + 2} = 1.2

Ex.18 Find the mean deviation about mean from the
following data :

5912108
27231793

:f
:x

i

i

Sol. Calculation of mean deviation about mean.
xi fi fixi |xi – 15|     fi |xi–15|
3 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 =  fi = 44      fi xi = 660  fi |xi – 15| = 312

Mean = 15
44

660)xf(
N
1X ii 

Mean deviation = M.D.

= 09.7
44

312|15x|f
N
1

ii 
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Ex.19 Calculate mean deviation about median for the
following data 3, 9, 5, 3, 12, 10, 18, 4, 7, 19, 21.

Sol. Data in ascending order is 3, 3, 4, 5, 7, 9, 10, 12,
18, 19, 21

Median = 
2

1n  th value = 6th value = 9

Mean deviation about median = 
11

median–x
11

1i
i



= 
11
58

Ex.20 Find mean deviation from mean

622268f
151210975x

Sol.

88x–xf234fx26N
36
6
2
0
12
32

6
3
1
0
2
4

6
3
1
0

2–
4–

90
24
20
18
42
40

6
2
2
2
6
8

15
12
10
9
7
5

x–xfx–xx–xfxfx

 




f

fx
x  = 9

Now, M.D. 
26
88

f

x–xf
x 


  = 3.38

Ex.21 Find the mean deviation about the median of the following frequency distribution :

5912108Frequency
30242418181212660Class 

Sol. Calculation of mean deviation about the median

 






27814–x44N
6513445273024
637399212418
1213012151812
50518109126
881188360

14–x14–x
.).c(Frequency

Cumulative
)(

Frequency
)x(

valuesMid
Class

iii

iii
ii

ff

f
ff

Here N = 44, so 
2
N  = 22 and the cumulative

frequency just greater than 
2
N  is 30. Thus 12-18 is

the median class.

Now  Median =  + f
F–2/N

× h , where  = 12,

h = 6,  f = 12, F = 18

or Median = 12 + 
12

18–22  × 6 = 12 + 
12

64  = 14

Mean deviation about median

= 
44

27814–x
N
1

ii  f  = 6.318

Ex.22 Find the mean deviation from the mean for the
following data :
Classes Frequencies
10 - 20 2
20 - 30 3
30 - 40 8
40 - 50 14
50 - 60 8
60 - 70 3
70 - 80 2
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Sol. We prepare the table as follows : Computation of mean deviation from mean

 











400X–x1800x40n
60301502758070
60201953657060
80104408556050
0063014455040
80102808354030
6020753253020
6030302152010

X–x45–xX–xx
sfrequencie

)x(
valuesMid

Classes

iiiii

iiiiii
ii

fff

ff
f

We have, N = 40 and  ii xf  = 1800


N

x
X ii f

 = 40
1800

 = 45

Now  fi X–x i  = 400 and N =  fi = 40

 M.D. = 
N
1
 fi X–x i  = 40

400
 = 10

 LIMITATIONS OF MEAN DEVIATION :
Following are some limitations or demerits of mean
deviation.

(i) In a frequency distribution the sum of absolute values
of deviations from the mean is always more than the
sum of the deviations from median. Therefore, mean
deviation about mean is not very scientific Thus, in
many cases, mean deviation may give unsatisfactory
results.

(ii) In a distribution, where the degree of variability is
very high, the median is not a representative central
value. Thus, the mean deviation about median
calculated for such series can not be fully relied.

(iii) In the computation of mean deviation we use absolute
values of deviations. Therefore, it cannot be
subjected to further algebraic treatment.

 VARIANCE AND STANDARD
 DEVIATION :

The variance of a variate x is the arithmetic mean of
the squares of all deviations of x from the arithmetic
mean of the observations and is denoted by var(x)
or 2 .

The positive square root of the variance of a variate
x is known as standard deviation

i.e.standard deviation (S.D.) = )xvar(  = 2  = 

(i) Variance of Individual observations :

If x1 , x2 , ......, xn are n values of a variable x, then
by defintion

var (x) = 
n
1
















n

1i

2
i )xx(  = 

2
n

1i

2
i xx

n
1

















If the values of variable x are large, the calculation
of variance from the above formulae is quite tedious
and time consuming. In that case, we take deviation
from an arbitrary point A (say) then

var (x) = 
n
1
















n

1i

2
i )dd(

= 
n
1

2
n

1i

n

1i
i

2
i d

n
1d 

 













 , where di = xi – AA

Also var(x) = 















n

1i

2
i

2
)uu(

n
h

= h2
































2n

1i
i

n

1i

2
i u

n
1–u

n
1

 where ui = 
h

A–x i
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(ii) Variance of discrete frequency distribution :
If x1 , x2 , ...., xn are n observation with frequencies
f1, f2, ...., fn , then

var(x) = 
N
1
















n

1i

2
ii )xx(f  = 

2
n

1i

2
ii xxf

N
1

















where N = 


n

1i
if

If the value of x or f are large, we take the deviations
of the values of variable x from an arbitrary point A.
(say)
 di = xi – A ; i = 1, 2, ...., N

 Var (x) = 
N
1
















N

1i

2
ii )dd(f

= 
N
1

















n

1i

2
iidf  – 

2
n

1i
iidf

N
1

















where N = 


n

1i
if

Sometimes di = xi – A are divisibly by a common
number h(say)

then ui = 
h

Axi  , i = 1, 2, ....., N

then var (x) = 














N

1i

2
ii

2
)uu(f

N
h

= h2






























 

 

n

1i

2
n

1i
ii

2
ii uf

N
1uf

N
1 where N = 



n

1i
if

(iii) Variance of a grouped or continuous frequency
distribution : In a grouped or continuous frequency
distribution, any of the formulae discussed in discrete
frequency distribution can be used.

Note : Variance is independent of change of origin but
dependent on change of scale. Adding or subtracting
a positive number from each observation of a group
does not affect the variance. If each observation is
multiplied by a constant h then variance of the
resulting group becomes h2 times the original
variance.

Note : While calculating S.D., the deviations are to be
taken about arithmetic mean only.

Note : Coefficient of standard deviation = xMean
.D.S 


 COEFFICIENT OF VARIATION :
The mean deviation and standard deviation have the
same units in which the data is given. Whenever
we want to compare the variability of two series
with data expressed in different units, we require
measure of dispersion which is independent of the
units. This measure is coefficient of variation (C.V.)

C.V. = Mean
D.S

×100 = 
x
 × 100

The series having greater C.V. is said to be more
variable and less consistent than the other.

 STANDARD DEVIATION OF COMBINED
 GROUP :

Let 21 x,x  are A.M. and 1, 2 are S.D. of two
groups having number of observations as n1 and n2

respectively then combined standard deviation  of
all the observations taken togther is given by

 = 
21

2
22

2
11

2
22

2
11

nn
dndnnn




  where d1 = x–x1 ,

d2 = x–x2  and 
21

2211

nn
xnxn

x





Ex.23 Find the mean and variance of first n natural
numbers.

Sol.
2

1n
n

n.....321
n

x
x  

Variance = )x(–
n

x 2
2

12
1–n

2
1n–

n
n.....321 222222








 


Ex.24 Find the variance and standard deviation of the
following frequency distribution :

545815544)(Frequency
161412108642)x(Variable

i

i

f

Statistics
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So. Calculation of variance and standard deviation

754

X–x450x50N

24549780516
10025556414
459360512
81180810

1511–120158
4593–3056

100255–1644
196497–842

X–xX–x
9–x

Xx
x

Frequency
x

Variable

2
ii

iii

2
ii

2
i

i

i
ii

ii







 fff

ff
f

Here N = 50,  fi xi = 450

 X  = 
N
1 ( fi xi) = 50

450
 = 9

We have   fi(xi – X )2 = 754

 Var(X)  = 



 2

ii X–x
N
1 f  = 50

754
 = 15.08

S.D. = )X(Var  = 08.15  = 3.88

Ex.25 Find the standard deviation (S.D.) of first n natural
numbers.

Sol. Standard deviation

2

i
2
i x

n
1x

n
1)( 







    (individual series)

4
)1n(n

n
1

6
)1n2)(1n(n

n
1 22

2
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Ex.26 If 



18

1i
i 9)8x(  and 




18

1i

2
i 45)8x(  then find

the standard deviation of x1, x2 ...... x18.
Sol. Let di = xi – 8 but

2

i
2
i

2
d

2
x d

18
1d

18
1







 

4
9

4
1

2
5

18
945

18
1 2









Therefore x = 3/2.

Ex.27 Find the coefficient of variance of first n natural
numbers.

Sol. Coefficient of variance = 100
x




2
)1n(

1100
12

1n2







)1n(3
)1n(100






Ex.28 Determine the variance of the following
distribution

Sol.

 Class  Mid value f 2
7xu i

i


 fui fui
2

 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

Sum 50 --- –21 71



















 



2

ii
2
1i22

N
uf

N
uf

h



















 
2

50
21

50
714  = 4 [1.42 – 0.1764] = 4.97
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Ex.29 Calculate the mean and standard deviation for the following distribution :

4514151363Studentsof.No
9080807070606050504040303020Marks 

Sol. Calculation of Standard deviation

 











134u2u60N
3691238549080
2041027558070
14114165147060
000055156050

13113–1–45135040
24412–2–3564030
2799–3–2533020

uuu
10

55–xu
x
valuesMidFrequency

ervalint
Class

2
iiiii

2
ii

2
iii

i
i

ii

fff

ff
f

Here N = 60,  fi ui = 2,  fi ui
2 = 134 and h = 10

 Mean  = X  = A + h 






  ii uN
1 f

 X  = 500 + 10 







60
2

 = 55.333

Var(X) = h2


















 
2

ii
2
ii u

N
1–u

N
1 ff

= 100 


















2

60
2–

60
134

 = 222.9

 S.D. = )X(Var  = 9.222  = 14.94

Ex.30 Calculate the mean and standard deviation for
the following data :
Wages upto (in Rs.) No. of workers

15 12
30 30
45 65
60 107
75 157
90 202
105 222
120 230

Sol. We are given the cummulative frequency distribution. So first we will prepare the frequency distribution as given
below :

 












733u105–u230
7224385.112230120105
80402205.9722210590
45451455.822029075
000505.671577560
4242–1–425.521076045

14070–2–355.37654530
16254–3–185.22303015
19248–4–125.712150

uu
15

5.67–xuFrequency
values
Mid

frequency
Cummlative

Interval
Class

2
iiiii

2
iiii

i
i

fff

ff
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Here  A = 67.5, h = 15, N = 230,  fi ui = –105 and
 fi ui

2 = 733

 Mean = A + h 






  ii uN
1 f  = 67.5 + 15 








230
105–

= 67.5 – 6.85 = 60.65 and Var(X)

= h2


















 
2

ii
2
ii u

N
1–u

N
1 ff

 Var(X) = 225 


















2

230
105––

230
733

= 225[3.18 – 0.2025] = 669.9375

 S.D. = )X(Var  = 9375.669  = 25.883

Ex.31 Suppose that samples of polythene bags from
two manufactures, A and B are tested by a
prospective buyer for bursting presure, with the
following results :

Manufacturer A :
Computation of mean and standard deviation

 










160u78u3u110N
4515355.323530
44222115.273025
54541545.222520
000295.172015
99–1–95.121510
84–2–25.7105

uu
5

5.17–xu
x
valuesMid

pressure
Bursting

2
iiiiii

2
iiii

i
ii

i

fff

fff

Bursting presure Number of bags manufactured
by manufactured

in kg A B
5 -10 2 9
10 -15 9 11
15 - 20 29 18
20 -25 54 32
25 -30 11 27
30 -35 5 13

Which set of the bag has the highest average brusting
pressure ? Which has more uniform pressure ?

Sol. For determining the set of bags having higher average
bursting pressure, we compute mean and for finding
out set of bags having more uniform pressure we
compute coefficient of variation.

AX  = a + h 












N

uiif

 AX  = 17.5 + 5 × 110
78

[  h = 5, a = 17.5]

 AX  = 17.5 + 3.5 = 21



















 
2

ii
2
ii

22
A u

N
1–u

N
1h ff

 2
A  = 25 



















2

110
78–

110
160

 2
A  = 25 








110110

6084–17600
 = 23.79

 A = 79.23  = 4.87

 Coefficient of variation = 
A

A

X


× 100

 = 
21
87.4  × 100 = 23.19
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Manufacurer B :

 










304u96u3u110N
117393135.323530
108542275.273025
32321325.222520
000185.172015
1111–1–115.121510
3618–2–95.7105

uu
5

5.17–xu
x

valueMid
pressure
Bursting

2
iiiiii

2
iiii

i
ii

i

fff

fff

BX  = a + h 












N

uiif

 BX  = 17.5 + 5 × 110
96

 = 17.5 + 4.36 = 21.81

2
B  = h2



















 
2

ii
2
ii u

N
1–u

N
1 ff

 2
B  = 25 



















2

110
96–

110
304

 2
B  = 25 








110110

9216–33440
 = 50.04B = 7.07

 Coefficient of variation = 
B

B

X


× 100

= 81.21
07.7

× 100 = 32.41
We observe that the average brusting pressure is
higher for manufacturer B. So, bags manufactured
by B have higher bursting pressure.
The coefficient of variation is less for manufacturer
A. So bags manufactured by A have more uniform
pressure.

(i) Mathematical Properties of Variance
* If all values of the variate in a distribution are added

(subtracted) by the same quantity (say ), then the
variance of the distribution remains unchanged.
Hence
Var (X + ) = Var (X)

* If all values of the variate in a distribution are multiplied
by a constant number k, then the variance of the
distribution is multiplied by k2. Hence
Var (kX) = k2 var (X)

* From above results (i) and (ii) it is obvious that
Var (aX + b) = a2 Var (X)

* For a continuous distribution standard deviation is
not less than the mean deviation with respect to AM.

* If AM's of two series containing n1, n2 values are
m1, m2 and their variance's are 1

2, 2
2 respectively,

then the variacne 2 of their combined series is given
by

2
212

21

21

21

2
22

2
112 )mm(

)nn(
nn

nn
nn










* Q
2
3

  (approx.) mean deviation = 5
4
 (approx.).

(ii) Mean and Variance of Binomial Distribution
If the frequencies of the values 0, 1, 2,..... n of a
variate are represented by the following coefficients
of a binomial.
qn, nc1q

n–1p, nc2q
n–2p2 , ........, pn

where p is the probability of the success of the
experiment (variate), q is the probability of its failure
and p + q =1 i.e., distribution is a binomial
distribution, then
P(x = r) = ncr q

n–r pr

mean x  =  pixi = np
variance 2 = npq = x q

Ex.32 If frequencies of the values 0, 1, 2, ....., n of a
variate are represented by the following binomial
coefficients qn, nc1q

n–1p, nc2q
n–2p2,........, pn

where p + q = 1, then find the mean of this series.
Sol. Here

fi = qn + nc1q
n–1p + nc2q

n–2p2 + ...... + pn

= (q + p)n = 1 .....(1) and
 fi xi = 0. qn + 1. nc1q

n–1p + 2.nc2q
n–2p2 + ...... + n.pn

= np 




 


  1n23n2n1n p.....pq
2.1

)2n)(1n(pq)1n(q

= np (q + p)n–1    = np [  p + q = 1] .....(2)

 mean = np
1

np
f
xf

i

ii 
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