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obtained by adding the value of items and dividing the total by the number of items

Smith and Kafka
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when the sum of the items in the series is divided by the number of items).



Simple Arithmetic Mean

Weighted Arithmetic Mean






     
Individual seriesDiscrete SeriesContinuous Series





         6 11 16 33
11

3 3

 
  

  1 2 3, , , , nx x x x    N



             Sum of variables

           No. of the variables


 1 2 3 n

n

x x x x
x

x

     


 x x 



 x
x

N


 

 x Arithmetic Mean   x
NNumber of variables



7. 6


 


5 7 9 15 36
9

4 4

  
  x


 x xN  per individual
per capita






  x 

 

 

 

 

 

 

 

 

 

 

 

 

 N  x 



x
x

N




 x N  



7. 7


297

27
11

x  



Deviation Method





   

 








 1 2 3 4, , , ,x x x x      NA




 
dx

x A
N

        1 2 3 ndx x A x A x A x A            

dx
x A

N


 

N

 x  A

 dx  N





 x A 

 x A dx

  



7. 8

  

  

  

  

  

  

  

  

  

  

 

N  31
22

9

   


 

dx


 

   
 

dx
x A

N

 x A 

N dx 



22
25

11
x

 
   

 





Arithmetic Mean - Individual Series Step Derivation

Methodcommon factor
common factor of the derivation

 A  x - A = dx
   dx   common factor 
c common factor



7. 9

  dx
c  Dx 

Dx N, 



  

Dx
x A c

N

x  

A  

 Dx c

c =common factor

N = f 



     

     

 x A = 
dx

Dx
c

  

 x A dx 

   200
1

200
  

  
0

0
200



  
200

1
200

 

  
400

2
200

 

  
600 3

200 5




N  Dx 5  



7. 10

A

 Dx c

c

N




  
Dx

x A c
N


5

400 200
5

  

= 400 + 200 = 600

  x 



frequency
products


 1 2 3, , , , nx x x x       1 2 3, , , , nf f f f   

   1 1 2 2 3 3       
 n nx f x f x f x f

x
N


fx

N




 fx  N = f 




         

         



x  f  f x



  

  



7. 11

  

  

  

  

  

  

  
 

N =  11,940fx 

fx
x

N


 

11,940
119.4

100
x  



Arithmetic Mean - Discrete Series - Short Cut Method
     A 
  x A dx 
dxf   f dx fdx  fdx 

 fdx N




 
f dx

x A
N

 x   A  

 f dx    x A dx 

  f dx 

 N  



         

         





7. 12

x f  A =  f dx

 

  x A dx

   

   

   

   

   

   

   

   

   
 

N = 


2720
1940

780

  


 

f dx

  
   

 

fdx
x A

N



1940

100
100

x
 

  
 

 100 19.40 119.40  



Arithmetic Mean - Discrete Series - Step Deviation

Method


 A
A

 xx-A = dx

 dxc
 

 
 

dx
Dx

c


 Dx  Dx f    f Dx

 Dx 



7. 13


  

f Dx
x A c

N

x  

A  
 f Dx cDx



N  
c = common factor



         

         



x  A =   
   c =  

f  dx  
Dx 

fDx
    

    

    

    

    

    

    

    

    
 

N = 
148

109
39

  


 

f Dx


  

f Dx
x A c

N




7. 14


136

100 20
100

  

 100 1.36 2  

 100 2.72 

x 102.72



Arithmetic Mean - Continuous Series - Direct Method



 




Compensate





Error




 
Mid-valuex

  f x fx  
 fx 

 

fx
x

N




x  fx 

N  



7. 15



      

      



C.I.   
 f  Mid-Value 

x   f x 

   

   

   

   

   

   

 

N  fx 

fx
x

N


 

3300
33

100
x  



Arithmetic Mean - Continuous Series - Derivation Method 



x 
A  

x - A = dx  .f dx   fdx


 

 
 

fdx

N






7. 16




 
f dx

x A
N

x  

A = 

 fdx 
N = 



      

      



    fdx

   A = 
C.I. f  M.V. x 

dx 
    

    

    

    

    

    
 

N =  210
40

170

  


 

fdx

fd
x A

N


 


40

155
40


 

 155 1 154  x





7. 17

Arithmetic Mean - Continuous Series - Step Deviation

Method 

       class interval  

common factor  Dx 

  Dx f   fDx






  

f Dx
x A c

N

x  

A 

 fDx 

N  

c common factorclass interval



      

      



     10c  
   A =   

C.I. f  M.V. x   

dx   Dx 

 f Dx

     

     

     

     

     



7. 18

     
 
N =  21  f Dx




A

 
  

f Dx
x A c

N


4

155 10
40

x


   
40

155
40

  155 1 154  





Open End Class IntervalsLower

LimitUpper LimitOpen Ends






Below 







above





 unequal class intervals 





Below 



7. 19







Above




 

 




 



(Below)  

 

 

 

 

 above 








   A= 
    

C.I. f  M.V. x dx  fdx

    

    



7. 20

    

    

    
    

 
N =  930 fdx








 

fdx
x A

N

 270
85

80
x   

 x 



Exclusive Method


 

 

 

 

 

 











7. 21

Inclusive Method




 

 

 

 

 

 
 

inclusive form
 







 

 

 

 

 

 
 

Exclusive forminclusive form
Rear-

range


Lessthan More thanMorethan
Less than




7. 22



 

 

 

 

 

 

 

 

 

 





     
 f  x  10c 

C.I.   Dx 

dx   f Dx

     

     

     

     

     

     

     

     

     
 
N =  360

239
121

   


 

f Dx



7. 23




  
f Dx

x A c
N

 x  

A 

 f Dx 

c 

N  


  

f Dx
x A c

N


239
45 10

439
x


  

  45 0.544 10     45 5.44  

 45 5.44 39.56  






Morethan 

 

 

 

 

 

 

 

 

 




7. 24

     

 f  x    Dx

C.I.   
dx   

 Dx 

 f Dx 

     

     

     

     

     

     

     

     
 

N =  360
19

101

   


 

fd




  
f Dx

x A c
N




19

110 10
214

x   

 x 

 x 






 

 
 
 
 



7. 25

 
 
 
 
 


 



 





  

  

  

  

  

  

  

  

  

  











 




7. 26

 

 

 Algebric treatment

 


 



 



150

5


Misleading


 Absend

 220
73.3

3
 



 
  



 Mere observation

 

  x, y


 X  Y 

  

  

  



7. 27


X Y 

 


  
Relative importance

  





3

4


1

2



3 1

1
4 2

    
9

4 : 3 : 2
4

 



     
weights

Arbitrary






   1 2 3, , , , nx x x x      N   

1 2 3, , , , nw w w w       

  1 1 2 2 3 3

1 2 3

     


       
n n

w
n

w x w x w x w x
x

w w w w







w
wx

x
w

wx  

w  



7. 28

        


 
 A B C
M.A.,   
M.Sc.,   
M.Com.,   
B.A.   
B.Sc.,   
B.Com.   

 (Simple Arithmetic Mean)


M.A., M.Sc., M.Com.,


arbitrary weights

A B C

   1 1x w   2 2x w   3 3x w

      

1x 1w 2x 2w 3x 3w

M.A.         

M.Sc.         

M.Com.         

B.A.         

B.Sc.         

B.Com.         

N = 6         



A   1 450
75%

6


  A

x
x

N



7. 29

B  2 450
75%

6


  B

x
x

N

C  3 450
75%

6


  C

x
x

N






A  1 1

1

2620
74.86%

35

x w

w


 



B  2 2

2

2025
75%

27

x w

w


 



C  3 3

3

2420
75.63%

32

x w

w


 



A, B, C C
C

C




  x  wx 

  x >
 wx 

  x <
 wx 



    

  

w xw w xw w xw

A       

B       



7. 30

C       

D       

N        

   140
35

4


  

x
x

N


700

35
20

xw

w


 



 35, 35 wx x 

   wx x 


630

31.5
20


 



xw

w


  wx x 


770

38.5
20


 



xw

w

  wx x   35, 38.5 wx x 




 

Mean of means

   A     B     


A  B 

 x  

 N  

 w  

 Axw  B 



7. 31

 8000 24000 32000

100 200 300

xw

w

 
 

 



pay bill



Combined Average


  1 1 2 2
12

1 2

  




N x N x
x

N N

12 x 

1x  

1N  

2x  

2N  



NN 
Geometric mean is defined as the N th root of the product of N items of the series 



 1 2 3, , , , nx x x x       N


Geometric mean (G.M.) 1 2 3    N
nx x x x   

1

1 2, , , n
nx x x  

2N           G.M. =

4 16 64 8          logarithms


  1 2
1

Antilog log log log       nGM x x x
N



7. 32

1 log
Antilog log or Antilog


 

x
GM x

N N

 log x  

 N  


Antilog
GM AM 

             log x  

 log x 
1

log x
x

 
 

 








 x log x

  

  

  

  

  

  

  

  

  

  
 
 10N log x 

GM Antilog
log x

N

 Antilog
17.6373

10



7. 33

Antilog 1.76373

GM 

characteristic
ve
Mantissa




 A  B 

  

  

  

  

  

  

  

  



A  B 
 A   B  

x x

1 2574 3.4106 .8974 1.9530

2 475 2.6767 .0570 2.7559

3 75 1.8751 .0081 3.9085

4 5 0.6990 .5577 1.7464

5 .8 1.9031 .0002 4.3010

6 .08 2.9031 .0984 2.9930

7 .005 3.6990 .0854 2.9315

8 .009 4.9542 .5672 1.7538

N = 8 log 2.1208 x log 10.3431 x

A Antilog
log x

N



7. 34

Antilog
2.1208

8

Antilog 

AGM1.841

B Antilog
log x

N

Antilog
10.3431

8

Characteristic

Characteristic

16 

 6          

10.3431 16 6.3431 

 Antilog 10.3431

8


Antilog
16.3431

8

Antilog 2.7929

BGM 

 log x 

 logf x  log f x 

   N     


GMAntilog
log f x

N

logf x  

 N  



7. 35




        

        



x    
 f  log x 

 logf x

   

   

   

   

   

   

   

   

N = 50  logf x

GMAntilog
logf x

N
, 

Antilog
103.795

50

Antilog of 



(GM)

          x 
log x
log x f 








7. 36

 

 

 

 

 

 

 



    

C I  f   x  log x  

f log x 

    

    

    

    

    

    

N  f log x 

Antilog
log  f x

N
, 

Q®°} =°̂ •Î¼=°=ò(GMAntilog
109.6665

65

Antilog 

GM





7. 37



 


 

 

         


 

 

 




 


 


 

 

Harmonic Mean

   reciprocals   



 1 2 3, , , , nx x x x  N
H.M.

HM
1





N

x

N  1
 

x
HM 



7. 38


1



N

x









  x Reciprocals
1 

 
 x

  

  

  

  

  

  

  

  

  

  

N = 10
1

x
  

HM
1





N

x

10

.31205
  32.04 





1

x

 
 
 

 1
or

 
   
 

f
f

x x




HM 
 

 
 

N

f

x



7. 39

HM N
1

  f
x

  f

x






        

        



   

x  f 
1

x

1
f

x
 or

f

x

   
   
   
   
   
   
   
   

N f

x
  

HM 



N

f

x

N

f

x
 

60
HM

2.25075
 26.66 



              

x
1

x

 
 
 



1
f

x

 
 

 


f

x

 
 
 







7. 40

HM 



N

f

x

N

f

x
  



 

 

 

 

 

 

 


   



CI  f  x
1 

 
 x


1

or
f

f
x x

    

    

    

    

    

    

N 

HM 



N

f

x

 130

1.9153
 67.89





7. 41



 

 

 

 


 

 



 

 

 


 



    

      



The mediam is usually defined as that value which divides a distribution so that an equal number of items is

an either side of it











7. 42

1

2




N
M 

M  N 




1

2

N 


 N  

   





1

2

N 




 

 
 
 
 
 
 
 
 
 
 
 


1 11 2 12

6
2 2 2

N  
   





Even number




7. 43


12 1 13

6.5
2 2


   









  

 

 

 

 

 

 52

 

 

 

 

 

   1

2




N
M 

N  

11 1 12
6

2 2


  







         





7. 44

   
 
x x

   

   

   

   

   

M
1

2

N 


10 1

2


11

5.5
2
 


               




591 672 1.263
631.5

2 2


  









 Mediam Discrete Series   
Cumulative frequency

1

2




N
M 





         

         

 x  f  cf 

  

  

  



7. 45

  

 50  

  

  

  

  

N 


1

2

N 


N 

 1 116 1 117
58.5

2 2 2

N  
   



M

Median-Continuous Seriescf 
2

N




Median  1 2 1
2M


    

N
m

f

1   2  f 

m N 




CI 

 
 
 
 



7. 46

 
 
 
 
 



 CI  f  c f 

  

  

   (m

 1   2  ( f )  

  

  

  

  

  

N 


2

N
 N 


225

112.5
2 2

N
  




   1 2 1
2M


    

N
m

f

M  1   2  

f 
2

N
 

m 



7. 47

  112.5 80
M 78 80 78

54


   


32.5

78 2
54

  


65.0

78
54

 

 78 1.20 79.2  




inclusive form



           


 

 

 
 
 
 
 
 



    




CI  f  c f 

  

   (m

 1   2  ( f )  



7. 48

  

  

  

  

 


2

N
 N

199
99.5

2
 

c f


    1 2 1
2M


    

N
m

f

1   2  f 
2

N
 m 

 99.5 40
M 30.5 40.5 30.5

60


  


59.5

30.5 10
60

  

 30.5 9.91 40.41  

  M 

 





 

 

 

 



7. 49

 

 

 

 

 

 

 





10

5
2
 



 f c f 

CI

  

  

  

  

  

  

  

  

  

N 


2

N
 390N 

 390
195

2
  

     




7. 50

 1 2 1
2M


    

N
m

f

1   2  f 
2

N
 m 

  195 151
M 150 160 150

116


  


44

150 10
116

  

 150 3.8 153.8  





 

 

 

 

 

 

 

 

 

 






CI f c f 

  

  

  

  



7. 51

  

  

  

  

  

N = 


2

N
 100N 


100

50
2

  






    1 2 1
2M


    

N
m

f

1   2  f 
2

N
 m 

 50 28
M 176.5 185.5 176.5

22


  


22

176.5 9
22

  

  M 176.5 9 188.5  


Weekly earning

 

more than  

 

 

 



7. 52

 

 

 

 

 

 

 

Date from U.S. Bureau of Labour Statistics wages and salaries - 1952

 




CI f c f

  

  

  

  

  

  

  

  

  

  

  

N 


2

N
 940N 

 940
470

2
  

    




7. 53



    1 2 1
2M


    

N
m

f

1   2  f 
2

N
 m 

 470 294
M 37.50 40.00 37.50

191


  


176

37.50 2.50
191

  

  M 37.50 2.30 39.80  

  M 39.80 




  

Lessthan   

  

  

  

  

  

  

  

  

N 

 Skew distribution
      



404

202
2 2
 

N




7. 54





    1 2 1
2M


    

N
m

f

1   2  f 
2

N
 m 

 202 184
M 3 5 3

117


  


18 36

3 2 3
117 117

    

  M 3 0.3 3.3  

  M 3300 



 

      


        


 open end classes

 

        




 


 

 


 





7. 55

 

 

Other Positional Measures Related to Mediam

partitional values
Partitional value



Quartiles 

 1 2 3, ,Q Q Q 
 1Q 

 1Q  2Q 

 3Q 

 3Q 







 1Q
1

4

N 
 

2Q 

2
1

2
4


 

N
Q  1

2

N 

3
1

3
4


 

N
Q 

N N 




1Q 
4

N
 1Q 



7. 56

 1 1 2 1
4


    

N
m

Q
f

1Q  1  

2  f 

m 
4


N 



3Q 
3

4

N
 3Q 

 3 1 2 1

3

4


    

N
m

Q
f

3Q  1   3Q 

2   3Q f  3Q 

m  3Q 

Quintiles


 1 2 3 4, , ,q q q q  1 2 3 4, , ,q q q q 


inter-

polation



 1

1

5




N
q  2

1
2

5


 

N
q 

3

1
3

5


 

N
q  4

1
4

5


 

N
q 

1 2 3 4, , ,q q q q 

N 

 1 2 3 4, , ,q q q q 



7. 57

N cf cf 




 

1q 
5

N  2q 
2

5

N


 1 1 2 1
5


    

N
m

q
f

 2 1 2 1

2

5


    

N
m

q
f

 

3q  3

5

N  4q 
4

5

N


  3 1 2 1

3

5


    

N
m

q
f

  4 1 2 1

4

5


    

N
m

q
f

Octiles

 1 2 3 7, , ,O O O O 




1
1

8




N
O  2

1

8




N
O 

3
1

3
8


 

N
O  4

1
4

8


 

N
O 

5
1

5
8


 

N
O  6

1
6

8


 

N
O 

7
1

7
8


 

N
O  N 

N





7. 58

 

1O 
8


N  2O  2

8


N 

 1 1 2 1
8


    

N
m

O
f

 2 1 2 1

2

8


    

N
m

O
f

 

3O  3

8


N  5O  5

8


N 

 3 1 2 1

3

8


    

N
m

O
f

 5 1 2 1

5

8


    

N
m

O
f



7O  7

8


N 

 7 1 2 1

7

8


    

N
m

O
f

Deciles

 1 2 3 9, , , ,D D D D   



1
1

10




N
D  2

1
2

10


 

N
D 

5
1

5
10


 

N
D  6

1
6

10


 

N
D 

9
1

9
10


 

N
D 

N = N 


 

1D 
10


N
 6D  6

10


N 

 1 1 2 1
10


    

N
m

D
f

 6 1 2 1

6

10


    

N
m

D
f



7. 59



9D 
9

10


N


 9 1 2 1

9

10


    

N
m

D
f

Percentiles

 1 2 3 99, , , ,    P P P P             




1
1

100




N
P  21

1
21

100


 

N
P 

49
1

49
100


 

N
P  99

1
99

100


 

N
P 

N = N 



 

1P  10

100
 30P  30

100

N 

  1 1 2 1
100


    

N
m

P
f

 30 1 2 1

30

100


    

N
m

P
f

 

79P  79

100

N  99P  99

100

N 

  79 1 2 1

79

100


    

N
m

P
f

 99 1 2 1

99

100


    

N
m

P
f







7. 60













 x

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

N 



7. 61

  1Q

 
1

1

4




N
Q 


24 1 25

6.25
4 4


   









  1 29.5Q

  3Q

3
1

4

 
  
 

N
Q 

 24 1 25
3 3 6.25 3 18.75

4 4

   
       
   











 

  3Q 



7D
1

7
10

N  
  
 



 24 1
7

10

 
  
 





7. 62

25
7

10
  

2.5 7  

 7D 









 7D 

  85P

85P
1

100

N  
  
 



 24 1
85

100

 
  
 



 25
85

100
  

 85P 









 85 78.75P

                


 

 

 



7. 63

 

 

 

 

 

 

 

 

 

 




x f  cf 

  

  

  

  

  

  

  

  

  

  

  

  

N 



 1Q 
1

4

 
 
 

N
 120N

1
120 1 121

30.25
4 4


  Q 



7. 64




  1Q 



3Q  1
3

4

N  
 
 



 120 1
3 30.25 3 90.75

4

 
    
 





 3Q 



 3O  1
3

8

N  
 
 



 120 1
3 15.125 3 45.375

8

 
   

 



 3O 



8D  1
8

10

N  
 
 



 120 1
8 12.1 8 96.8

10

 
   

 



 8 168D 



 95P  1
95

100

N  
 
 



 120 1 121
95 95 1.21 95 114.95

100 100

 
      
 






95 172P 



7. 65








   

   

   

   

   

  f  c f 

  

  

  

  

  

  

  

  

N 

i  M 
2

N
 146N 


146

73
2

  






  1 2 1
2M


    

N
m

f

1 240; 50; 30; 73; 72
2

     
N

f m



7. 66

  73 72
40 50 40

30


   M

1 10
40

30


 

40 .33 

M 

ii  1Q 
4

N


 146
36.5

4
  



1Q 

 1 1 2 1
4


    

N
m

Q
f

1 220; 30; 20; 36.5; 20
4

     
N

f m

 1
36.5 20

20 30 20
20


   Q


16.5 10

20
20


 

 20 8.25 

 1Q 28.25 

iii  7D


10

N
 

 146
7

10
  

 14.6 7 102.2   



7. 67




  7 1 1 2

7

10


    

N
m

D
f

1 2
7

50; 60; 28; 102.2; 102
10

     
N

f m

 
 7

102 102
50 60 50

28


  D


0.2 10

50
28


 

 50 0.07 

7D 50.07 

iv  85P

 85
100

N
 

 146
85 124.1

100
   



  85P   1 2 1

85

100


   

N
m

f

1 2
85

50; 60; 28; 124.1; 102
100

     
N

f m

  85
124.1 102

50 60 50
28


  P


22.1 10

50
28


 

 50 7.89 

 85P 57.89 



7. 68




 

Lessthan 

 

 

 

 

 

 

 





  
CI  f  cf 

  

  

  

  

  

  

  

  

N

iM


2

N
100

50
2

 






7. 69

 1 2 1
2


    

N
m

M
f

1 240; 50; 28; 50; 32
2

     
N

f m

  50 32
40 50 40

28


  M


18 10

40
28


 



M 

ii  1Q 
4

N


 100
25

4
  




 1 1 2 1
4


    

N
m

Q
f

1 230; 40; 12; 25; 20
4

     
N

f m

 
 1

25 20 5 10
30 40 30 30

12 12

 
    Q



iii  6D  6
10

N
 

 100 6
60

10


  



7. 70

        6D 


  6
60 32

40 50 40
28


  D


28 10

40
28


 

 6D 40 10 50   

iii  3P  3
100

N
 

 100
3

100
  

 3P 

  3 1 2 1

3

100


    

N
m

P
f

1 2
3

0; 10; 5; 3; 0
100

     
N

f m

  3
3 0

0 10 0
5


  P

 3
10 3 30

6
5 5


  P 

Calculation of Median by Graphic Method


Ogine curve
 


 
          

Raising trendxx - axisy 
y - axis



7. 71

2

N
vertical axis

y x
Basex -





 

 

 

 

 

 

 

     
x 
y 


2

N


60
30

2
 

y  x 

x 
4

N


3

4

N


C.I. f  c f 

  

  

   1 71Q

   3 85Q 

   2 or Median 77.4Q

  



7. 72



 

 

 

 

 

 

                    












    






 
 

x

y









1Q 2Q 3Q

                        3Q

 M                  

 1Q                      

 x 


 1 3,Q Q  1Q  60
15

4 4

N
   

y  x 

 1Q  3Q  3 60
45

4 4

N
  

y x 
 3Q 

By less than and More than Ogive curves

            
   
x x 






7. 73

        More than and Less than  


 

 

 

 

 

 

 

 

N = 




x 


  cf 
 f   

   

   

   

   

   

   

   

N 



7. 74

 

 

 

 

 

 

 

 

 

  

  
             

x

y




























                  








                 

  
  

  
  

 
  

 
  

 
 

             

           














100

50
2 2
 

N
cf 

  1 2 1
2


    

N
m

M
f

1 231; 34; 26; 50; 33
2

     
N

f m

 
 50 33

M 31 34 31
26


  


17 3

31
26


 

M 31 1.96 32.96  





7. 75

Mode

 Average student
'''           
           
''''''

Positional average

ModeLa-Mode
Fashion




            
 






Mode-Micomputation















        

        



7. 76

 

 

x f      

I II III IV V VI

 

 




 




 




 




 




  




  




    I      
IIIII II

III
IV, V, VI





x        

Coloumns
I 

II  

III  

IV   

V   

VI   

       





7. 77



Z 6000 




    


Mode-Continuous Series




Mode   1 0
1

1 0 22


  

 


f f
Z c

f f f

1f  

0f  

2f  

c = 

1  

 1 0 22 0  f f f 



2
1

0 2
Z   




f
c

f f






Z = 



 Z 3 2 M x



7. 78





       

 

 

 I II III IV V VI

  x   f

 

  0f





  1f 

  2f





  

 





  

 




 


 



         
CI

Coloumns

I 

II  

III  

IV   





7. 79

V   

VI 

         




   1 0
1

1 0 2
Z

2


  

 


f f
c

f f f

1 1 0 210, 5, 241, 195, 117     c f f f


241 195

Z 10 5
2 241 195 117


  

  


46

10 5
482 195 117

  
 


230

10
170

 

 Z 10 1.35 11.35  



        

        



 

 I II III IV V VI

  x   f

 

 




  0f




 1   1f




  2f




 




 




 




7. 80



        

CI

Coloumns

I 

II  

III  

IV   

V   

VI   

        





1 2
1

1 0 22


  

 


f f
Z c

f f f

 1 1 0 224, 23, 18, 28, 8     f f f c


23 18

24 8
2 23 18 28


  

  


5

24 8
46 46

  



5

24 8
0

  

 1 0 22 0  f f f 


 2
1

0 2
Z   




f
c

f f





7. 81

  
28

Z 24 8
18 28

  



28

24 8
46

  

  24 0.6 8  





        

        



 

 I II III IV V VI

 x  f

 

 




 




 




 




 




 




 




CI        



I 

II  

III  

IV   



7. 82

V      

VI   

        


 
 , ,x M Z 

Z 

      f Dx

 x  f  x 35A  10c

 cf  x A dx Dx

      

      

      

      

      

      

      

      

N  


99
55

44

 
  

 
f Dx


122

61
2 2

N
  




 1 2 1
2


    

N
m

M
f

1 230, 40, 22, 30     f c

  61 30
30 40 30

32


  M

 30 9.6 39.6  M



7. 83




  
f Dx

x A c
N

 x
55

35 10
122

  


550

35
122

 

 x 35 4.5 39.5  

 Z 

 Z =3 2 M x

 Z    3 39.6 2 39.5   

 118.8 79 

 Z 39.8




 

 

 

 

 

 

 

 

 

 

 

 

          




7. 84



 

=¶~¡°ø•°(CI f I II III IV V VI

 

 




 




 




 




 




 




 




 




 




 




           



I 

II  

III  

IV   

V   

VI   

           





7. 85

 1 0
1

1 0 22


 

 


f f
c

f f f

1 1 0 250, 15, 12, 12, 10     f f f c

 1 0
1

1 0 22


 

 


f f
c

f f f


15 12

50 10
2 15 12 12


  

  


3

50 10
30 12 12

  
 


30

50
6

 

 50 5 55  

Z



 

 

 

 

 

 

 

 

 

 

 






7. 86



  
 I II III IV V VI

CI  f 

 

 




 




 




 




 




 




 




 


 



         
        

I 

II  

III  

IV   

V   

VI   

         



   1 0
1

1 0 22


  

 


f f
Z c

f f f





7. 87

1 1 0 215.5, 32, 16, 24, 5     f f f c


32 16

Z 15.5 5
2 32 16 24


  

  


16

15.5 5
64 16 24

  
 


80

15.5 15.5 3.33
24

   

Z 18.33 



(If we

fit a smooth curve to the histogram of a distribution, it seems and reasonable to define the point at which the curve is the

highest as the mode of the distribution). 
           


x 
 y      




upper limit corner


x 


 


      

        


            




7. 88



                    
M0





    
           





 

 

 

 

 

 

 

 

 

 

 






                            
                                    

x -

y -

x

y
                  




1 0
1

1 0 2
Z

2


  

 


f f
c

f f f

1 1 0 265, 54, 40, 46, 10     f f f c

54 40
Z 65 10

2 54 40 46


  

  


14

65 10
108 460 46

  
 


140

65
22

 

Z 65 6.36 71.36  



7. 89




            




 

 inspection

 

 


 

 qualitative phenomena

 



 


 


 


 


 






 




7. 90

 


 

 


 








 
           





etc
 







 

 


 




7. 91

 

 NN





 

 

 


 

 

 

       

       

 

        

        

 

       

       

 


 

 
 

 

 

 



7. 92

 

 

 

 





        


 

 

 

 

 

 

 

 

 price Relatives


Commodity price Relatives

 

 

 

 

 

 

 

         

         



 



7. 93



         

 


 

 

 

 

 

 

 

 

 Ogive curve


 

 

 

 

 

 

 

 

 

 

 

 



 




7. 94

 

A B C

M.A. 80 75 70

M.Sc. 70 70 60

B.A. 65 80 

B.Sc. 60 60 80

B.Com., 75 65 70

 

 

Over  

 

 

 

 

 

 

 

 AAge distributions


 

Under  

 

 

 

 

 

 

 



better




7. 95

 


   

   

   

   

   

   

   

   

   

   

   

 

 

 
 
 
 
 
 
 

 


 

 
 
 
 
 
 
 



7. 96

 


    

    



 

 

 

 

 

 

 

 

 

 


B.N. Elhance : Fundamentals of Statistics

S.P. Gupta : Statistical Methods

C.B. Gupta : An Introduction to Statistical Methods

S.C. Gupta : Fundamentals of Statistics

M.C. Shukla & S.S. Gulshan : Statistics - Theory and Practice



8. 1

Measures of Dispersion


 

 

 

 

 

 

 

 
 
 
 
 

 
 
 
 





* 

* 

* 

* 

* 


* 

* 





8. 2



          











         


Measure of Dispersion

Single figure






formationA, B, C

  Total x ()



A   

B   

C   

  x 
A BC
C B C B  
  
C 



8. 3

Measures of

VariationVariation
MeasureDispersion


   Averages of the first order

DispersionAverages of

second order           
VariationScatter

    Objectives of Measure of Variation      


 Reliability




   
         



    


Characteristics of an Ideal Measure of Dispersion


 

 

 

 

 

 




8. 4




 Absolute measures of Dispersion





   Relative Measures of Dispersion       
Coefficient

 



Measures of Dispersion







Range
Range is defined as "the difference between the greatest and the lowest value"
Range


X Xmax min

Xmax Xmin 





 

 

 

 


 



 Range

 Quantile Deviation

 Mean deviation

 Standard

deviation

 Loreng Curve



8. 5

 
     



Coefficient of Range

  maxX   minX 




X Xmax min
X Xmax min





Xmax  

Xmin  













 

 
 
 
 
 
 
 
 
 
 
 
 

  maxX 



8. 6

  minX 

 max minX X  

 max min

max min

X X

X X






175 139 36
0.115

175 139 314


 





 
 
 
 
 
 
 

Range  Xmax   Xmin

Xmax Xmin 



 max min

max min

X X

X X





10 5

10 5







5

0.33
15





 

 

 

 

 

 

 

Range  Xmax   Xmin

Xmax Xmin 



8. 7



 max min

max min

X X

X X





60 0

60 0











    

    







  maxX 

  minX 

 max minX X 

 max min

max min

X X

X X






35.5 15.5 20
0.39

35.5 15.5 51


 





 


 

 


 

 

 

 W.I. King



8. 8




 

 Control Chart

of Range

 


 

Quartile Deviation orSemi-Inter-Quartile Range





Q and Q1 3 
Inter quartile rangeSemi-inter Quartile / Range
Sir Francis GaltonQuartile Deviation
QD


 
Q Q3 1Q.D.

2




Q.D.Quartile Deviation

Q1  Lower Quartile

Q3  Upper Quartile





Q Q3 1
Q Q3 12Coef .Q.D.

Q Q Q Q3 1 3 1
2




 
 

Coef. Q.D. Coefficient of quantile deviation

Q , Q1 3 



8. 9




N 1

4





N 1

3
4

 
 
 



Q , Q1 3 

Q Q3 1Q.D.
2










S.No. x

 
 
 
 
 
 
 
 
 
 
 

  
N 1

Q1
4


 

N 11 
11 1 12

Q 31
4 4


   

Q1  

  
N 1

Q 33
4

 
  
 



 11 1 12
3

4

 
  
 

3

4
3 9  



8. 10

Q 1713  

Q Q 171 154 173 1Q D 8.5
2 2 2

 
    

Q Q 171 154 173 1
Coef.Q.D. 0.052

Q Q 171 154 3253 1

 
   

 



 
N 1

4


  Q1 

 N 1
3

4

 
 
 





 
Q Q3 1Q.D

2




  
Q Q3 1Coef.Q.D.
Q Q3 1








     

     

   
(x) (f) (cf)

  

  

  

  

  

  
N 1

Q1
4


  N 20, Q1

20 1 21
5.25

4 4


  



Q 251 

  
N 1

Q 33
4

 
  
 

 20 1
3

4

 
  
 





8. 11

 21
3

4
  

Q 5.25 3 15.753    


Q 353 

 
Q Q3 1Q.D.

2





35 25 10

Q.D. 5
2 2


  

  
Q Q3 1

Coef.Q D
Q Q3 1






Coef .Q.D.
35 25 10

0.16
35 25 60


  





 
N

2
Q1Q1



 

N
m

4Q1 1 2 1
f


    

1       2       f  
N  m  


Q3 
3N

4
   

3N
m

4Q3 1 2 1
f


     



1   2  

f  N 

m  



8. 12



X       

f       



X f c.f.

  

  

  

  

  

  

 3 1Q Q
Q.D.

2




Q1
N

4


61

4


 cf Q1

 

N
m

4Q1 1 2 1
f


    

N
20, 30, 15.25, m 12, f 191 2

4
     

 
15.25 12

Q 20 20 1.71 21.7130 201
19


      

Q3 
3N

4
 3 61

45.75
4


   cf 

Q3 

 

3N
m

4Q3 1 2 1
f


    

3N
40, 60, 45.75, c.f . 36, f 101 2

4
     

 
45.75 36

Q 40 40 19.5 59.560 403
10


     



8. 13

59.5 21.71 37.79
Q.D. 18.895

2 2


  

Coef. Q.D.
Q Q 59.5 21.71 37.793 1 0.465
Q Q 59.5 21.71 81.213 1

 
  

 



          

          




C.I. f  cf

  

  

  

  

  

  

  

  

  

  



Q1
N

4
N 270

Q1
270

67.5
4

  

Q1


 

N
m

4Q1 1 2 1
f


    



8. 14

N
25, 30, f 35, 67.5, m 491 2

4
     

 
67.5 49

Q 25 30 251
35


   27.6

Q3 
3N

4


3 270
202.5

4


  

 Q3


 

3N
m

4Q3 1 2 1
f


    

3N
40, 45, f 36, 202.5, m 1721 2

4
     

 
202.5 172

40 45 40
36


   40 4.2 

Q3 44.2

  
Q Q3 1Q.D

2


  44.2 27.6

2


  16.6

8.3
2

  

  
Q Q3 1Coef.Q.D.
Q Q3 1







44.2 27.6 16.6

Coef.Q.D. 0.23
44.2 27.6 71.8


  






         

         


Q ,Q1 3 

C.I f cf

  

  

  



8. 15

  

  

  

  

  

  



Q1
N

4
N 273 

Q1
273

68.25
4

  

Q1


 

N
m

4Q1 1 2 1
f


    

N
29.5, 34.5, f 21, 68.25, m 601 2

4
     

 
68.25 60

Q 29.5 34.5 29.51
21


  

Q1 29.5 1.96   31.46 

Q3 
3N

4


3 273
204.75

4


  

Q3



 

3N
m

4Q3 1 2 1
f


    

3N
49.5, 54.5, f 52, 204.75, m 1691 2

4
     

 
204.75 169

Q 49.5 54.5 49.53
52


  

Q3 49.5 3.44  52.93 



8. 16

  Q.D. 
Q Q3 1

2




52.93 31.46 21.47

2 2


  

  
Q Q3 1Coef.Q.D.
Q Q3 1






Coef.Q.D.
52.93 31.46 21.43

0.25
52.93 31.46 84.39


  





 

 

 

 

 

 

 

 

 



CI f  cf

  

  

  

  

  

  

  

N 

  
N

Q1
4

 N 20 

Q1
20

5
4

  



8. 17




 

N
m

4Q1 1 2 1
f


    

N
5, 7, f 3, 5, m 31 2

4
     

 
5 3

Q 5 7 51
3


  

2
5 2

3
   5 1.3 6.3  

  
3N

Q3
4

 

 3 20
15

4


  




 

3N
m

4Q3 1 2 1
f


    

3N
9, 11, f 4, 15, m 111 2

4
     

 
15 11

Q 9 11 93
4


  

Q 9 2 113   


Q Q3 1

2

 11 6.3 4.7
2.35

2 2


  


Q Q3 1
Q Q3 1





11 6.3 4.7
0.272

11 6.3 17.3


  







  





8. 18

            


 


 

 



  


 

 

           

Partition


10 - 90 Percentile Range



 90 10P P

P 9090   10P 10 

  90 10P P

2





 

 

90 10

90 10

P P

2
P P

2



 
90 10

90

P P

P P10






  

Educational Statistics




8. 19

Mean Deviation


Mean DeviationStandard Deviation


    
        

  x or M or Z 


       





   
 

X
M D

N

 
  N = 

X X  

M.D   N 

   X   x

M Z 







x
x x

N

  

x   x x  
N  x  



M
x M

N

  



8. 20

M   x M  
N M



z
x z

N

  

z  x z  
N  z 

Absolute measure of dispersion
Relative measure

  x or M or Z 

Coefficient of mean deviation

 
M D

Coef.
Average

 

Coef.  
            

   

  x
x

Coef.
x




  MCoef .  M

M



   Z
ZCoef .

Z


 




          

          







8. 21

   
Sl.No.   

 x x x M

   

   

   

   

   

   

   

   

   

   

N 10 x 28.4  7.56X X  X M 

  
x

x
N





28.4

x 2.84
10

 


N 1

2


N 10

10 1 11
5.5

2 2


   

           
                 



 2.6 2.7
2.65

2


  

M

 X Xx
N

  


7.56

0.756X 10
  

 
7.20X M 0.72M

N 10

    



8. 22



   0.756xCoef . 0.2662X x 2.84


   

  
0.72MCoef . 0.2717M

M 2.65


   

x   xCoef . 

M    MCoef .  





  x

x
f x x

N

  

x N 

f x x  


 M

 M
f x M

N

  

M  

N  

f X M  


M  

  Z

Z
f X Z

N

  

Z  

N  

f X Z  


Z
f X Z

N

  



8. 23




         

         



 fx cf  f x x  f x M

   
 x  f   

f x x x M

       

       

       

       

       

       

       

       

       

N   xf    f x x    f x M  



fx 7065
x 49

N 143


  



x
f x x

N

  

x
414

2.9
143

  



x
x 2.9

Coef . 0.06
x 49


   



8. 24


N 1

M
2


 N 143

143 1 144
M 72

2 2


   

M 49



M
f x M

N

  

 M
414

414 2.9
143

   



M
x

2.9
Coef . 0.06

M 49


   



 x

x
f x x

N

  

 M

M
f x M

N

  



Z
f x z

N

  

x



   x 


N 1

2




   x M 

  x M  
 f x M  



8. 25



     

     



       
   

C I f x  cf  x M f x M

     
     
     
     
     

N 19  f x M  


N

2
 N 19

 19
9.5

2
  


Median class 10 15 

 1 2 1

N
m

2M
f


    

1 2
N

10, 15, f 5, 9.5, m 7
2

     

  
9.5 7

M 10 15 10
5


  

M 12.5

  M
f x M

N

 

 M
100

5.26
19

 

  MCoef.  M

M




 M
5.26

Coef . 0.42
12.5

  



8. 26

x 


fx

N


 x 

 x x 
f x x  

x
f x x

N

  



     

     



   fx x x f x x

C I f x

     
     
     
     
     

N  fx   f x x  

 
fx

x
N




900
x 30

30
 

  
f x x

x
N

 


280

9.3
30

 

   x
xCoef.

x




 x
9.3

Coef . 0.31
30

  


   





8. 27




 U 

          L    

  
U L

M
N

 
 

   



 

 
 
 
 
 
 
 
 
 
 
 

  M 
N 1

2




M
11 1 12

6
2 6


   



 M
U L

N

 
 

 U 65   L 35   N


U L 65 35 30

2.72M
N 11 11

   
    






8. 28

                          
M

f dx fB fA

N

   
 

M    N dx x  
f dx  

fB   fB  



       
       




    f dx

x f  cf  
|x - Assumed Median| = |dx|

    
    
    
    
    
    
    

N 21  f dx  

 
N 1

2


 N 21

 21 1 22
11

2 2


   

11

                           
M

f dx fB fA

N

   
 



fB  

fA  

f dx  





8. 29

    Fraction   Round number  



 fB 11, fA 10   


   

M
86 8 6 11 10

21

  
 

  
1

86 2 1
21

       
1

86 2
21

  
1

88 4.2
21

  

 M 4.2 




x Median dx   f dx 

 fA

 fB 


  f dx M d a fB fA
M

N

       




 

 

 

 

 

 

 






8. 30

  CI   f   MV   
x   

cf  
 
|x-Assumed Median|=|dx| f dx

     

     

     

     

     

     

N =   f dx  


N

2


1000
500

2
  



    1 2 1

N
m

2
M

f


    

1 2
N

34.5, 44.5, f 303, 500, m 297
2

     

 
500 297

Median 34.5 44.5 34.5
303


  

 34.5 6.7 41.2  


                         

 
M

f dx fB fA

N

   
 

N 1000, f dx 9740,      41.2M  

fB 600 fA 400   

   9740 41.2 39.5 600 400
M

1000

     

  
1

9740 1.7 200M
1000

       
1

9740 340
1000

  
1

10080 10.08
1000

  





8. 31



  


 


 


 

      




 

 



 

 

 

         


     
National Bureau of Economic Research



Standard Deviation



   







8. 32



 Standard deviation is the square-root of the arthmetic mean of the squared deviations from the

mean
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