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1.1. INTRODUCTION

Business Statistics

In ancient times, the use of statistics was very much limited and is just confined to the
NOTES collection of data regarding manpower, agricultural land and its production, taxable
property of the people etc. But as the time passed, the utility of this subject increased
manifold. Many researches were conducted in this field and with the result of this it
started growing as a separate subject of study. Many experts in the field of mathematics
and economics contribuied toward the development of this subject. The word ‘Statistics’
which was once used in the sense of just collection of data is now considered as a full
fledged subject. The knowledge of this subject is used for taking decisions in the midst
of uncertainty. '

1.2. APPLICATIONS OF INFERENTIAL STATISTICS

The part of the subject statistics which deals with the analysis of a 'gi\{en group and
drawing conclusions about a larger group is called inferential statistics. For studying
data regarding a group of individuals or objects, such as heights, weights, income,
) expenditure of persons in a loeality or number of defective and non-defective articles
- produced in a factory, it is generally impracticable to collect and study data regarding
the entire group. Instead of examining the entire group, we concentrate on a small
part of the group called a sample. If this sample happen to be a true representative of
the entire group, called population, important conclusions can be drawn from the
analysis of the sample. The conditions under which the conclusions for samples can be
considered valid for the corresponding populations are studied in inferential statistics,
Since such conclusions cannot be absolutely certain, the language of probability is
often used in stating conclusions. Theoretical distributions are also needed in inferential
statistics. In the present course, we shall be studying probability and theoretical
distributions. Binomial, Poisson and Normal. Inferential statistics is also known as
inductive statistics. )

¢

1.3. MEASURES OF CENTRAL TENDENCY

Suppose we have the data regarding the marks obtained by all the students of a class
and we are to give an impression about the performance of students, to someone. It
would not be desirable rather impracticable to tell him the marks obtained by all the
students of the class. Perhaps, it may not be possible for him to gather any impression
about the standard of students of that class. Similarly suppose we intend to compare
the wage distribution of workers in two sugar factories and to decide as to which factory
is paying more to individual workers than the other. In this case alsg, if we proceed
with comparing the wages of workers of one factory with that of the other on individual
basis, we may not be able to get any “thing”. Even this type of comparison may not be
possible if the number of workers in two factories are different.
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1.4, MEANING OF CENTRAL TENDENCY

In fact, such type of problems can be easily dealt with, if we could find a single value of
the variable which may be considered as a representative of the entire data. This type
of representative which help in describing the characteristics of the entire data is
called an average of the data. The individual values of the variable usually cluster
around it. An average is also called a measure of central tendency, because it tends to
lie centrally-with the values of the variable arranged according to magnitude. Thus,
we see that an average or a measure of central tendency of a statistical data is that
single value of the variable which represents the entire data.

1.5. REQUISITES OF A GOOD AVERAGE

1. It should be easy to understand.

2. It should be simple to compute.

3. It should be well-defined in the sense that it is defined algebraically and
should not depend upon personal bias.

4. It should be based on all the items.

5. It should not be unduly affected by extreme items in the series.

6. It should be capable of further algebraic treatment. For example, if we are

given the averages of some groups, then we should be able to find the average of all the
items taken together. :

7 Tt should have sampling stability. By this we mean that the averages of
different samples, drawn from the same population, should not vary significantly.
Though it cannot be claimed that all the samples would have exactly the same average,
_ but we expect that the values of the averages, should not vary significantly.

'41.6. TYPES OF MEASURES OF CENTRAL TENDENCY
(Averages) '

I. Arithmetic Mean (A.M.) I, Geometric Mean (G.M.)
1I1. Harmonic Mean (H.M.) IV. Median
V. Mode. ' '

"I ARITHMETIC MEAN (AM.)

1.7. DEFINITION

This is the most popular and widely used measure of central tendency. The popularity
of this average can be judged from the fact that it is generally referred to as ‘mean’.
The arithmetic mean of a statistical data is defined as the quotient of the sum of all
the values of the variable by the total number of items and is generally denoted by X.
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Business Statistics (@) For an individual series, the A.M. is given by -

H B
2 =

Xt X+ +x ; . - Xx
- AM =—1"72 Tn o I=1 or more briefly as —
NOTES . n n 7 n
. - 2x .
Le., X=—
n
where x,, L » X, are the values of the variable, under consideration.

(b) For a frequency distribution,

* ’ i fix;

_ bzt fxg +. +hit o1 Ifx  Zfx
AM. = = =2
N+t +f, 2 3f N
>t
i=1
. — Ifx
L.e., X= F' N
where £, is the frequency of x, 1 <i<n). For simplicity, Zf, i.e.,, the total number of

| items is denoted by N.

When the values of the variable are given in the form of classes, then their
respective mid-points are taken as the values of the variable ).

WORKING RULES TO FIND A.M.

Rule L.  In case of an individual series, first find the sum of all the items. In. the
second step, divide this sium by n, total number of items. This gives the
value of x. :

Rule II. In case of a frequency distribution, find the products (fx) of frequencies

" and value of items. In the second step, find the sum (Tfx) of these
products. Divide this sum by the sum (N) of all frequencies. This gives
the value of %. o . : .
Rule I11. If the values of the variable are given.in the form of classes, then their
' respective mid-points are taken as the values of the variable.

Example 1.1. Find the A M. of the following data:

Roll No. 1 | 2 3 4 5 6 7 8

Marks in Maths | 12~ 8 6 'R 7 8 7 14

Solution. Let the variable ‘marks in maths’ be denoted by x.

Sum of valuesof x 12+8+6+9+7+8+7+14 _T71
Number of items 8 8
= 8.875 marks. -

Example 1.2, The A.M. of 9items is 15. If one more item is added to this series,
“the AM. becomes 16. Find the value of the 10th item.

Solution. Let the values of 9 items be X Xgy veeey Xg.

X =

- xtx,+ ... +x,=15%x9=135-
Let x,, be the 10th item.
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16=

X tx, o +x, +x,,= 160
135 + x,, = 160
- %, = 160 — 135 = 25,
Example 1.3. (@) The marks obtained by 20 studenis in a test were:
13,17, 11,5, 18,16, 11, 14, 13, 12,18, 11, 9,6, 8, 17, 21, 22, 7, 6.
Find the mean marks per student.

(b) If extra 5 marks are given to each student, show that the mean marks are also
tncreased by 5 marks.

Sum of marks obtained by 20 students

20
13+17+11+5+ 18+ 16+ 11+14+ 13

_ +12+18+11+9+6+8+17+21+22+7+6 _ 255

Solution. (@) Mean marks =

20 20 =12.75.
(b) New marks are: o
13+ 5=18, 17+ 5=22, 11 +5=186, 5+5=10,
18+5=23, 16+5=21, 11+5=186, 14+5=19,
13+ 5=18, 12+ 5=17, 18+ 5 =23, 11+5=186,
9+5=14, 6+5=11, 8+5=13, 17+ 5=22,
21+ 5 =26, 22 + 5 =21, 7T+5=12, 8+5=11.
New mean marks
184+22+16+10+23+21+16+ 19+ 18+ 17
B +28+16+14+11+13+22+26+27+ 12+ 11
- 20
355
= 50 =17.75=12.75+ b = old mean marks + 5.
Example 1.4. Calculate the A.M. for the following dafa:
Marks 0—10 10--30 | 30--40 40—50 H50—80 | 860—100
No. of students 5 7 15 8 3 2
Solution. Calculation of AM.
Marks - No. of students Mid-points of classes
f x fx
0—10 5 5] 25
10—30 7 20 140
30—40 16 35 5256
_40--50 8 45 - . 360
50—80 3 65 195
80—100 2 90 180
N=40 ‘ , Tfx=1425
_ T/ 1425 ,
=== =—— =35.625 .
x N 0 2. marks
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Business Statistics

1.8. STEP DEVIATION METHOD

When the values of the variable (x) and their frequencies (f) are large, the calculation
NOTES of AM. may become quite tedious. The calculation work can be reduced considerably
. by taking step deviations of the values of the variable.

Let A be any number, called assumed mean, then d = x — A are called the
deviations of the values of x, from A.

If the values of x are x;, x,, ...... , %, then the values of deviations are
x—
k

common factor in the deviations of values of x from A The definition of ‘%' is meaningful,
because at least h = 1 is a common factor for all the values of the deviations. The

d =x~Ad, =-:c2 —A, ... yd,=x, ~A We define u= , where h is some suitable

x—-A
different values of u = —  are called the siep deviations of the corresponding

values of x. In this case, the values of the step deviations are

xl_‘Al xz"A X

Le, x,=A+uh
S = S TF(A + uh) == SfA + — Zfuh
i |3 3 N L N lul

S opun=as Ty =N

In brief, the above formula is written as ¥ = A + [%] h.

Zu

In case of individual series, this formula takes the form X = A + [TJ h.

In dealing with practical problems, it is advisable to first take deviations (d)
of the values of the variable (x) from some suitable number (A}. Then we see, if there is
any common factor, greater than one in the values of the deviations. if there is a common

x—A '

d .
factor h(> 1), then we calculate u = 2" h in the next column. In case, there isno

. T d
commor: factor other than one, then we take h=1 and v becomes 1° d=x—A. In this

case, the formulae reduces as given below:
. ; 5d

X=A+— (For Individual Series)
n o ,

- =fd e

X=A+ ~ . (For Frequency Distribution)

where d =x — A and A is any constant; to be chosen suitably.
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Rule L.

Rule II.

WORKING RULES TO FIND A M.

In case of an individual series, choose a number A. Find deuviations
d(=x— A) of items from A. Find the sum ‘'Ed of the deviations. Divide
this sum by n, the total number of items. This quotient is added to A to
get the value of x.

If some common factor h (> 1) is available in the values of d, then we
calculate w’ by dividing the values of d by h and find x by using the
formula :

5=A+(3)h.

n
In case of a frequency distribution, choose a number A. Find
deviations d(=x — A) of items from A. Find the products fd of f and d.
Find the sum ‘Zfd of these products. Divide this sum by N, the total
number of items. This quotient is added to A to get the value of %.
If some common factor h(> 1) is available in the values of d, then we
calculate '’ dividing d by h and find x by using the formula :

E=A+[—-E£—‘)h.

Rule III. If the values of the variable are given in the form of classes, then their

respective mid-points are taken as the values of the variable.

Example 1.5. Find the A.M. for the following individual series:

12.36, 14.36, 16.36, 18.36, 20.36, 24.36.
Solution. Calculation of A.M.
Variable d=x-A u=dlh
x A=16.36 h=2
12.36 -4 -2
14.36 -2 -1
16.36 0 0
18.36 - 2 i
20.36 ' 4 2
24 .36 8 4
Zu=4

Now

n

= =A+[zu)h - 1636 +(§-] 2 = 16.36 + 1.33 = 17.69.

Example 1.6. Calculate A M. for the following data:

Temp. (in°C) - 40 to—30 —-30to— 20 - 201to- 10 -10to 0
No. of days 10 28 30 42
Temp. (in°C) 0-10 10-20 20- 30

No. of days 65 180 10

Role of Statistics and
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Business Statistics Solution. Calculation-of AM.

Temp. No. of Mid-points d=x-A u=dh
(in°C) days | ofclasses | A=—5 - h=10 fuu
NOTES ! x
—40 to - 30 10 —3b _.30 -3 ~30
—30to - 20 28 -25 =20 -2 — 56
—20to-10 30 —15 —-10 -1 —-30
—10to O 42 -5 0 0 0
0—10 65 5 10 1 65
10—20 180 15 20 2 360
20—30 10 25 30 3 30
N =365 Tfu =339

Now F=A +(%—Jh -5+ [%] 10=— 5 + 9.2877 = 4.2877°C.

1.9. A.M. OF COMBINED GROUP

Theorem. If X; and X, are the A.M. of two groups having n, and n, items,
then the A.M. (X) of the combined group is given by
nlfl +n2§2

n, +ng

- X=

Proof. Let x,, x,, ...... y X, and y,, ¥,, ... » ¥n, be the items in the two groups
respectively:

_ sum of items in both groups

) Nyt ng

Xy + %y o t2, + ¥ty e +Yn  ngXy +ng%
ny+ny T onytn

Now x

z = nlil + nzni.z )
This formula can also be extended to more than two groups.

Example 1.7. The mean wage of 1000 workers in a factory running two shifts of
700 and 300 workers is T 500, The mean wage of 700 workers, working in the day shift,
is T 450. Find the mean wage of workers, working in the night shift.
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Solution. No. of workers in the day shift (n,) = 700

No. of workers in the night shift (n,) =300
Mean wage of workers in the day shift (x;) =450
‘Mean wage of all workers (%) =3 500
Let mean wage of workers in the night shift = x,
NOW e nlfl < nzfz
ny - gy
700 (450) + 300 (%) o
= 700+ 300 or 500000 = 315000 + 300x;
300%, = 185000
_ 185000
Xy = 300 - 7 616.67.
1.10.WEIGHTED A.M.

If all the values of the variable are not of equal importance, or in other words, these
are of varying significance, then we calculate weighted A.M.

s B,
Weighted AM. = X, = z:
where w,, w,, ...... , w, are the weights of the values x,, x,, ......, x, of the variable, under

consideration.

Example 1.8. An examination was held to decide the award of a scholarship.
The weights given to different subjects were different. The marks were as follows:

Subjecls Weight Marks of Marks of Marks of
A B 5
Stalistics 4 63 60 65
Accountancy 3 65 64 70
Economics 2 58 56 63
Mercantile Law 1 70 80 52

The candidate getting the highest marks is to be awarded the scholarship. Who
should get it ?

Solution. Calculation of weighted A.M.
Subject Weight | Marks of Marks of Marks of
w A wx, B wx, C wx,
* %2 oy
Statistics 4 63 252 60 240 65 260
Accountancy 3 65 195 64 192 70 210
Economics 2 58 116 56 112 63 126
Merecantile Law 1 70 70 80 80 52 62
Zw=10 Twx, Zwx, Zwxg
=633 = 624 =648

Role of Statistics and
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Business Statistics ' | Zwx; 633

Weighted A M. of A Yw - 10 =63.3
) ' Swx, 624
Weighted A.M. of B= =—— =624
NOTES ¢ | S 10
_ _ Zwx, 648
Weighted A M. of C= Yo - 10 - 64.8

The student ‘C is to get the scholarship.

1.11. MATHEMATICAL PROPERTIES OF A.M.

1. In a statistical data, the sum of the deviations of items from A M. is always
Zero

ie, Y filg-%)=0,
i=1

where f; is the frequency of x; (1 Si<n).
2. In a statistical data, the sum of squares of the deviations of items from A M.

n
is always least i.e., 2 fi (% _ x)? 1s least, where f;is the frequency of x; (1 <i<n).
i=1

Merits of A.M.

1. Tt is the simplest average to understand.
2.1t is'easy to compute.

3. It is well-defined. )

4. It is based on all the iteins.

5. It is capable of further algebraic treatment.
6. It has sampling stability. -

7.1t is specially used in finding the average speed, when time taken at different
speeds are varying, or are equal.

Demerits of A.M.
1. Tt may not be present in the given series itself. For example, the A M. of 4, 5,

4+5+6+6

6, B1is ) = 5.25; which is not present in the series. So, sometimes it becomes

theoretical.
" 2: It cannot be calculated for qualitative data.

3. It may be badly affected by the extreme item.
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10.

EXERCISE 1.1

Find the A.M. of the series 4, 6, 8, 10, 12.

The A.M. of 25 items is found to be 78.4. If at the time of calculation, two items were
wrongly taken as 96 and 43 instead of 69 and 34, find the value of the correct mean.

Find the A.M. for the following frequency distribution:

x 10 11 12 13 14 15

I 2 6 8 6 2 6

Find the A.M. for the following data:

Marks 18 19 20 21 22 23 24

No. of students| 169 320 530 698 230 140 105

Two hundred people were interviewed by a public opinion polling agency. The following
frequency distribution gives the ages of people interviewed. Calculate A.M.

Age Groups (Years) | 80—89 70—T79 60—69 50—59

No. of Persons 2 2 6 20

Age Groups (Years) 40—49 30—39 20—29 10—19

No. of Persons 56 40 40 42
Find the A M. for the following data:

Class intervals| —2to 2 3—17 8—12 13—17 18—22 23—27

Frequency 3277 4096 2048 512 64 3

From the following information, find out:

(i) Which of the factor pays larger amount as daily wages.

(ii) What is the average daily wage of the workers of two factories taken together.

Factory A Factory B
No. of wage earners 250 200
Average daily wages T20 225

The mean wage of 100 workers in a factory running two shifts of 60 and 40 workers is
7 38. The mean wage of 60 workers working in the day shift is ¥ 40. Find the mean wage
of workers, working in the night shift.

The average weight of 150 students in a class is 80 kg. The average weight of boys in the
class is 85 kg and that of girls is 70 kg. Tell the number of boys and girls in the class
separately.

If a student gets the following marks: English 80, Hindi 70, Mathematics 85, Physics 75
and Chemistry 67, find the weighted mean marks if the weights of the subjects are 1, 2,
1, 3, 1 respectively.

Self-Instructional Material
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Business Statistics 11. The following table gives the number of students in different classes in a Government
Senior Secondary School and their tuition fees. Find the average tuition fees per student.

Class No. of students Tuition fee @)
NOTES ’ v 65 0.50
VI 80 075
- VII . 95 1.00
VIII 90- " 1.50
IX , (! 2.00
Answers
1. 8 27696 - . 3.12.6
- 4. 20.61 marks b. 34.9 years . 6,4.9995
. 7. (i) Both factories are paying equal amount (i) ¥ 22.22 8.¥35
9. Boys=100,Girls = 50 10. 74,625 marks 11.% 1.16
I1. GEOMETRIC MEAN (G.M.)

1.12. DEFINITION

The geometrlc mean of a statistical data is defined as the nth root of the product of
all the n values of the variable,

For an individual senes_, the G.M. is given by
GM =(x %, ...... x,)in

where x,, x,, ...... » X are the values of the variable, under consideration. From the
definition of G.M,, we see that it involves the nth root of a product, which is not possible
to evaluate by using simple arithmetical tools. To solve this problem, we take the help
of logarithms.

We have GM. = (xlx ...... xn)”“

= Antilog I:l (log x4 +logx, +..... + log :c.,1 ):‘
n

G.M. = Antilog [M}
n

For a frequency distribution,
GM. = (x," x5 ... x =)V
where ; is the frequency of x; (1< i <n).
Proceeding on the same lines, we get

G.M. = Antilog (%‘EJ

When the values of the variable are given in the form of classes, the mid- pomts
are taken as the values of the variable (x). .

12 Self-Instructional Material



Rule L.

Rule II.

Rule III.

WORKING RULES TO FIND G.M.

In case of an individual series, first find the sum of logarithms of all
the items. In the second step, divide this sum by n, the total number of
items. Next, take the ‘antilogarithm’ of this quotient. This gives the value
of the G.M.

In case of a frequency distribution, find the product (flog x) of frequencies
and logarithm of value of items. In the second step, find the sum
(Z f log x) of these products. Divide this sum by the sum (N) of all the
frequencies. Next, take the ‘antilogarithm’ of this quotient. This gives
the value of the G.M.

If the values of the variables are given in the form of classes, then their
respective mid-points are taken as the values of the variable.

Example 1.9. Find the G.M. for the following frequency distribution:

X 4 6 8 10 12
7 15 4 2 1
Solution. Calculation of G.M.
x f log x flogx
2 0.3010 1.5050
4 7 0.6021 4.2147
6 15 0.7782 11.6730
8 4 0.9031 3.6124
10 2 1.0000 2.0000
12 1 1.0792 1.0792
N=34 24.0843
Now

GM = Kntilog [E_fr.lgg_’)

= Antilig [242’:43) = Antilog (0.7084) = 5.110.

‘Example 1.10. Find the G.M. for the data given below:

Yield of wheat 7.5—10.5 10.5—13.5 13.6—16.5 16.5—19.5
(in quintals)

No. of farms 5 9 19 23
Yield of wheat 15.5—22.5 22.5—-25.5 25:6—28.5

(in quintals)

No. of farms 7 4 1

Role of Statistics and
Measures of Central
Tendency

NOTES

Self-Instructional Material
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Business Statistics

" NOTES

Solutiou. Calculation of G.M.

Class Mid-point x ! logx flogx
7.5—10.5 9 . 5 0.9542 4.7710
10.5—13.5 T2 9 1.0792 97128
13.5—16.5 15 19 1.1761 92.3459
16.5—19.5 18 23 1.2553 28.8719
19.5—22.5 21 7 1.3222 9.2554
22.56—25.5 24 4- 1.3802 5.5208
25.5—98.5 27 1 1.4314 1.4314

N=68 Zflogx .
=81.9092
. 8190
Now 92

G = Antilog (Lrs?ng = Antilog (

= Antilog (1.2045) = 16.02 quintals.

)

1.13. G.M. OF COMBINED GROUP

the G.M. (G) of the combined group is given by

Proof. Let x,, x,,

respectively.

G = Antilog [

G, = Antilog(

Zlog x

log G1.= 7

n1+n2

Zlogx
s\

n, log G, +n, log Gy J

'| Theorem. If G, and G, are the GMs of two groups havingn, and n, items, then

...... , ¥n, be the items in the two groups

n,logG,=Zlogx

Similarly, n,logG,=Zlogy

Now

Gt = Antilog [sum of logarithms of all items}

no. of items in hoth groups

'=Anti10g [Elogx-i-ZlOgy]
n1+n2

G= Ant,i]og (nl log Gl + Ny log G2 ] -

n, +n2

This formula can also be extended to more than two groups.
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Example 1.11. The G.M. of wages of 200 workers working in a factory is T 700. Role of Statistics and
The G.M. of wages of 300 workers, working in another factory is ¥ 1000. Find the G.M. Mms;;efd of Central
of wages of all the workers taken together. o

Solution. No. of workers in I factory (n,) = 200

No. of workers in II factory (n,) =300

G.M. of wages of workers of I factory (G,) =3 700

G.M. of wages of workers of II factory (G,) =¥ 1000

Let G be the G.M. of wages of all the workers taken together.

G = loililor (nl log G, + n, log Gz]

NOTES

= Mgtk [20010g700+300 1031000]

200 + 300
oK tilog( 200 (2.8451)5 30300 (3.0000)} = Antilog (569.025(:)(:) + 900]

= Antilog (2.9380) = Rs. 867.

1.14. AVERAGING OF PERCENTAGES

(Geometric mean is specially used to find the average rate of increase or decrease in
sale, production, population, etc.

If V,and V, are the values of a variable at the beginning of the first and at the
‘ end of the nth period, then

V.=V, (1 +r)", where r is the average rate of growth per unit.

Example 1.12. At what rate of interest would Rs. 100 double in 10 years.
Solution. Here  V;=100 and V,,= 200.
Let r be the average rate of inferest per rupee
5 Vo =V, (1 +2)°
or 200=100(1+nN° or (1+n)'°=2
10log (1 +r)=1log 2=0.3010
log (1+r)=0.03010
1+ r = Antilog 0.0301 = 1.074
r=1074-1=0.074
Average percentage rate of interest = 0.074 x 100 = 7.4%.
Example 1.13. The machinery of an industrial house is depreciated by 50% in

the first year, 30% in the second year and by 10% in the following three years. Find out
the average rate of depreciation for the entire period.

Self-Instructional Material 15
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NOTES

Solution,

Year Rate of Depreciated value of the machine log x
depreciation at the end of the year laking
100 in the beginning (x)

1 50% 50 . 1.6990

11  30% . 70 1.8451

11 10% 90 1.9542

v . 10% 90 1.9542

v o 10% 90 1.9542

Z log x = 9.4067

G.M. = Antilog (E log xJ = Antilog [9'4267]
n

_ = Antilog (1.88134) =76.08
Average rate of depreciation = 100 — 76.08 = 23.92%.

1.15. WEIGHTED G.M.

If all the values of the variable are not of equal importance, or in other words, these
are of varying significance, then we_calculate weighted G.M.

Weighted G.M. = Antilog (_E“’El;g x]
where w,, w,, ...... , w, are the weights of the values x , x,,, ...... , x, of the variable, under
consideration. _ _

Example 1.14, The G.M. of 15 observations is found to be 12. Later on, it was
discovered that the item 21 was misread as 14. Calculate the correct value of G.M.

Solution, No. of items =15
Incorrect G.M. =12

Correct item =21

Incorrect item =14

Now G = Antilog [E log xJ

n
12 = Antilog [incorrect}.? log x]
15
i t 21

or log 12 = mcorret1:5 og x ‘

. Incorrect Zlog x = 15 log 12 = 15(1.0792) = 16.1880

Now Correct X log x = 16.1880 —log 14 + log 21

= 16.1880 — 1.1461 + 1.3222 = 16.3641.

Correct G.M. = Antilog [16?:41] = Antilog (1.0909) = 12.33.
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Merits of GM. . Role of Statistics and

Measures of Central
1. It is well defined. * Tendency
2. It is based on all the items.
NOTES

8. It is capable of further algebraic treatment.

4.t is used to find the average rate of increase or decrease in the variables-like
sale, production, population ete. .

5. It is specially used in the construction of index numbers.

8. It js used when larger weights are to be given to smaller items and smaller
weights to larger items.

7. It has sampling stability.

Demerits of G.M.

1. It is not simple to understand.

2. It is not easy to compute.

3. It may become imaginary in the presenice of negative items.

4. If any one item is zero, then its value would be zero, irrespective of magnitude
of other items.

EXERCISE 1.2

1. From the monthly incomes of ten families given below, calculate G.M.

S. No. 1 2 3 4 5 | 6 7 8 9 10
o Income (in?®) | 145| 867 | 268 | 73 | 185 619 | 280 | 115 870 | 315

2. Find the G.M. for the following frequency distribution:

x 8 10 12 14 16 18
f 6 10 20 8 5 1
3. Calculate G.M. for the following data:
Income (in T) 100—300 | 100—500 100—700 100—1000 100—1500
No. of employees 12 18 30 50 100

4. A firm declared bonus according to respective salary groups as given below :

" Salary Group (in 3) 60—75 75—30 90—105
Rate of Bonus 60 70 80
No. of employees 3 4 5
' Salary Group (in ®) 105—120 120—135 - 135—150
- Rate of Bonus 90 100 110
No. of employees 5 7 6 .

Caleulate A M. of salaries and G.M. of the bonus payable to the employees.
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Business Statisties 5. The population of a country is increased from 40 crore to 70 crore in 80 years. Find out
the annual average rate of growth.

6. A Principal increased the number of students in his college in the year 1983 by 15%.

Then increased again in 1984 by 5% but in 1985, it decreased by 20% due to introduction

NOTES of 10 + 2 system. Hence the number of students becomes the same as it was before 1983.
Do you agree, if not give reasons.

7. A machine is assumed to depreciate 30% in value in the I year, 25% in the Il year and
20% for the next 2 years, each percentagoe being calculated on the diminishing value.
Find the average rate of depreciation for the four years.

8. The G.M. of 20 items was found to be 10. Later on, it was found that one item 18 was
misread as 8. Find the correct value of the Q.M.

Answers
1. 26240 - 2.11.82 3. ¥794.10
4. Average salary =¥ 111 ; Average bonus = ¥ 87.44
5. 1.9% 6. No, G.M. is to be used, 1.14% decrease
7. 22.86% T 8 1041

ITI. HARMONIC MEAN (H.M.)

1.16. DEFINITION

The harmonic mean of a statistical data is defined as the quotient of the number of
items by the sum of the reciprocals of all the values of the variable.

(@ For an individual series, the HM. is given by

n n
HM. = 1 1 1 ’
e Ak S E—
xl xz xn_ X
wherex,, x,, ...... » X, are the values of the variable, under consideration.
(b) For a frequency distribution,
H.M.=-l f1+f2+ """ +fn zf N

fl[xil.};a[x—t}r ..... +f‘n_[;1_J 'y f(_%rz(a

where f; is the frequency of x;(1<i<n).

When the values of the variable are given in the form of classes, then the mid-
points of classes are taken as the values of the variable (x).

WORKING RULES TO FIND H.M.

Rulel. In case of an individual series, first find the sum of the reciprocals of
all the items. In the second step, divide n, the total number of items by
this sum of reciprocals. This gives the value of the HM.

Rule IL. In case of a frequency distribution, find the quotients (fix) of frequencies
by the value of items. In the second step, find the sum E({f/x) of these
quotients. Divide N, the total of all frequencies by this sum of quotients.
This gives the value of the H.M.

Rule IIL If the values of the variable are given in the form of classes, then their
respective mid-points are taken as the values of the variable.
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Example 1.15. Calculate the H.M. for the following individual series:

x 4 7 10 12 19
Solution. Calculation of H.M.
S. No. x 1x

1 4 0.2500

2 7 0.1429

3 10 0.1000

4 12 0.0833

5] 19 0.0526

=5 Y [lJ = 0.6288

n - x = U :
n 5 '

Now HM. = = 7.9516.

¥ [% ] ~ 06288

Example 1.16. Calculate the value of H.M. for the following data:

Marks o—10 | 020 | 0—30 |0—g0 | 0—50 | 0—60 | 0—70
No. of students 4 8 15 23 51 60 70
Solution. Calculation of H.M.
Class No. of students Mid-points f
! x -
0—10 4 5 0.8000
10—20 4 15 0.2667
20—30 7T 25 0.2800
30—40 8 a5 0.2286
40—50 28 45 0.6222
50—60 9 55 0.1636
60—70 10 65 0.1538
_ f J
N="T0 ~ | =2.5149
¥ (L
N
Now HM. = = 70 = 27.83 marks.
> (i ) 25149
x

Role of Statistics and
Measures of Ceniral
Tendency

NOTES
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" Business Statistics

1.17. H.M. OF COMBINED GROUP

: : Theorem If H and H, are the H.M. of two groups having n, and n2 items, then
NOTES ‘the H.M. of the combmed group is given by
n;+n
H=—1—"2
n; + n,
Proof. Let X, oy ceene » ¥n, and yy, ¥,, ...... +¥n, be the items in the two groups
respectively.
—_ n]. _ "'2 ’
Hl - 2 1 ’ H2 - 2 l
x y
i_m 1_ns
x H;’ y H
N A= no. of items in both groups
ow " sum of reciprocals of all the items in both groups
mtny . g P1t+Dg
*viv: CHm a,
—+y = L+2
E _x 2 y'

H, H,
This formula can also be extended to more than two groups.

Example 1.17. The H. M, of two groups containing 10 and 12 items are found to
be 29 and 35. Find the H.M. of the combmed group.

- Solution. Here =10, =12

E:%,.m=%
Let H be the H.M. of the combined group

He Mtna _ 10412 '
m o omp 10 12
H, H, 29 35

22 22
= = = 31.9907.
0.3448 + 0.3429  0.6877 207

1.18. WEIGHTED H.M.

If all the values of the variable are not of equal importanece or in other words, these are
of varying importance, then we calculate weighted H.M. -

w
Weighted HM. = 2 —
(%)
where w,, Wy, ...... , w, are the weights of the values x , x,,,
consideration.

...... , x, of the variable, under
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Example 1.18. Find the weighted H.M. of the items 4, 7, 12, 19, 25 with weights
1, 2 1, 1, I respectively. )

Solution. Calculation of weighted H.M.
x w w/x
4 1 0.2500
7 2 0.2857
12 1 0.0833
19 1 0.0526
25 1 0.0400
o
= — |=0.7116
2 w=6 2 [x)

x

Merits of H.M.

1. It is well-defined.

2. It is based on all the items.

3. It is capable of further algebraic treatment.
4. It has sampling stability.

5. It is specially used in finding the avei'age speed, when the distances covered
at different speeds are equal or unequal.

Demerits of H.M.

1. It is not simple to understand.
2. It is not easy to compute.

3. It gives higher weightage to smaller items, which may not be desirable in
some problems.

EXERCISE 1.3

1. Find the H.M. for the following series:
. 3,5,6,6,7, 10, 12.
2. Find the H.M. for the following series:
0.874, 0.989, 0.012, 0.008, 0.00009.
3. The following table gives the marks obtained by students in a class. Calculate the H.M.:

Marks 18 21 ' _ ‘ 30 45

- No. of students 6 12 9 2

Role of Statistics and
Measures of Central
Tendency

NOTES
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Business Statistics 4. Calculate the H.M. for the following:

Income (in %) 10 20 30 40 50
- No. of persons 2 4 3 0 1
NOTES
5. The following table gives the marks (out of 50) obtained by 70 students in a class. Calculate
the H.M.
Marks 18 21 24 26 30. 38 456 -
No. of students 6 - 12 15 19 9 T 2
6. Calculate the H.M. for the following frequency distribution:
Marks 0—10 10—20 20—30 30—40 40—50
No. of students 4 7 28 12 9
7. Following is the data regarding the marks obtained by 159 students in an examination.
Find the H.M, ‘
Marks 0—9 10—19 2029 30—39 4049
No. of students 19 87 61 27 15
Answers -
1. 59 . 2. 0.0004416 3. 23.2147 marks 4. Rs. 19.23
25.09 marks 6. 20.48 marks 7. 15.31 marks :
IV. MEDIAN

1.19. DEFINITION

The median of a statistical series is defined as the size of the middle most item (or the
AM. of two middle most items), provided the items are in order of magnitude. For
example, the median for the series 4, 6, 10, 12, 18 is 10 and for the series 4, 6, 10, 12,

10+12

2

in the series would have value less than or equal to median and 50% items would be
with value greater or equal to the value of the median.

18, 22, the value of median would be

= 11. It can'be observed that 50% items

.For an individual series, the median is given by,

n+l
Median = size of 2 th item -
where Xp5 Xy, oo , x, are the values of the variable under consideration. The values
. . n+l
Xy, Xop e , x,, are supposed to have been arranged in order of magnitude. If o

comes out to be in decimal, then we take median as the A.M. of size of %th and_(-g- + 1] th.

items.
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WORKING RULES FOR FINDING MEDIAN FOR AN INDIVIDUAL SERIES
Step 1. Arrange the given items in order of magnitude.
Step II. Find the total number ‘n’ of items.
Step I1L. Write: median = size of "’T”xh item.

1
Step IV. () If n;- is a whole number, then ntl

median.

th item gives the value of

.. n+l1
(i) If p

gives the value of median.

is in fraction, then the A.M. of %m and (% + 1] th items

For a frequency distribution, in which frequen'cies () of different values (x)
of the variable are given, we have
N+1
2 th item.
Remark. The values of the variable are supposed to have been arranged in order of
magnitude.

Median.= size of

WORKING RULES FOR FINDING MEDIAN FOR
A FREQUENCY DISTRIBUTION

Step 1. Arrange the values of the variable in order of magnitude and find the
cumulative frequencies (c.f.).
Step II. Find the total ‘N’ of all frequencies and check that it is equal to the last
cf )
N
Step II1. Wriie: median = size of — ; 1

th item.

N+1 th item gives the value of

Step IV. (@) If -1% is a whole r_numbef, then

median. For this, look at the cumulative frequency column and find

. that total which is either equal to N+1

2
N+1

2
This gives the value of median.

N+1
o If 2

gives the value of median.

or the next higher than

and determine the value of the variable corresponding to this.

is in friction, then the AM. of %th and (%'i' 1] th items

In case, the values of the variable are given in the form of classes, we shall
assume that items in the classes are uniformly distributed in the corresponding classes.
We define '

Median = size of %th item.

Here we shall get the class in which N/2th item is present. This is called the
median class. To ascertain the value of median in the median class, the following
formula is used. :

Role of Statistics and

Measurés of Central
Tendency

NOTES
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NOTES

Median =L + [Nﬁ:_ th

where L = lower limit of the median class
¢ = cumulative frequency of the class preceding the median class
f = simple frequency of the median class
h = width of the median class.

Remark. In problems on Averages or in other problems in the following chapters, where
we need only the mid values of class intervals in the formula, we need not convert the classes
written using tnclusive method’.

The following points must be taken care of, while calculating median:

1. The values of the variable must be in order of magnitude. In case of classes of values
of the variable, the classes must be strictly in ascending order of magnitude,

2. If the classes are in inclusive form, then the actual limits of the median class are to be
taken for finding L and k.

3. The classes may not be of equal width i.e,, h need not be the common width of all
classes. It is the width of the “median class™.

4. In case of open end classes, it is advisable to find average by using median.

WORKING RULES FOR FINDING MEDIAN FOR A FREQUENCY -
DISTRIBUTION WITH CLASS INTERVALS

Step . Arrange the classes in the ascending order of magnitude. The classes
. * must be in ‘exclusive form’. The widths of classes may not be equal.
Find the cumulative frequencies (c.f.).

Step II. Find the total ‘N’ of all frequencies and check that it is equal to the last
cf.

_ Step III. Write: median = stze of v, th item.
‘Step IV. Look at'the cumulatwe frequency column and find that total which is

either equal to % or the next higher than %r_ and determine the class
corresponding to this. That gives the ‘median class’.

N/2.—C

Step V. Write: medion =L + [ J h. Put the values of L, N/2, ¢, f, h and

calculate the value of median. ‘ : . .

Example 1.19. The following are the marks obtained by a baitch of 10 students
in a cerlain class test in Statistics and Accountancy:

Roll No. 1 2 3 4 a 6 7 8 9 10
Marks in Statistics 63 | 64 | 62 | 32 | 80 | 60 | 47 | 46 | 35 | 28

Marks in Accountancy 68 | 65 | 35 | 42 | 26 | 8 | 44 | 80 | 33 | 72

In which subject is the level of knowledge of students higher?
Solution. In this problem, median is the most suitable average.
The marks in Statistics arranged in ascending order are:

28, 30, 82, 35, 48, 47, 60, 62, 63, 64
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n+1=10+1

2 &
Median = size of 5.5th item

_ size of 5th item + size of 6th item
2

Here n = 10. =5.56

= 22220~ 46.5 marks.
The marks in Accountancy arranged in ascending order are:
26, -33, 35, 42, 44, 65, 68, 72, 80, 85.

n+l_10+1

2 2
Median = size of 5.5th item

_ size of 5th item + size of 6th item
= s

Here n = 10. =hbb

_44+65
2
Level of knowledge is higher in accountancy.

Example 1.20. The following table gives the weekly expenditure of 100 families.

= 54.5 marks.

Weekly expenditure (in 7) 0—10 10—20 20—30 30—40 40—50
No. of families 14 23 27 21 15
Solution. Calculation of Median
Weekly expenditure No. of families ef
@ind) f
0—10 14 14
10—20 13 3T =¢c
L = 20—30 27T=f 64
30—40 21 85
40—50 15 100 =N
N=100
N_100
- - =
Median = size of 50th item
Median class is 20—30.
N_
Now, median=L+ 2f h=20+ (50‘737]10=20+431 =7 24.81.

Role of Statistics and
Measures of Central
Tendency
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Business Statistics Example 1.21. The following table gives the ages in years of 800 persons. Find

out the median age.
Age (in years) 20—60 20—55 20—40 20—30
NOTES No. of persons 800 740 400 120
Age (in years) 20—50 2045 20—25 20—85
No. of persons 670 550 50 220
Solution. Calculation of Median
Age (in years) No. of persons () cf.
20—25 50 50
25—30 120- 50= 70 50+ 70= 120
. 30—35 220-120=100 120+ 100=220=¢
L=35—40 400-220=180=f 220 + 180 = 400
40—45 850 — 400 =150 400 + 150 =550
45—50 670 — 550 =120 550 + 120 =670
b0—55 740-670= T0 670+ T70=740
05—60 800-740= 60 740+ 60=800
N=800 "
N 800 bl
—_—=— =40
R 400
Median = size of 400th item
Median class is 35—40. ‘
) ) N
S 9 -c 400 - 220
Median =L + h=36+|————|5
_ 3 180

= 35 + 5 = 40 years,

Example 1.22, Calculate the median for the following data:

30 105 120

Wages uplo (in T} 15 30 45 |° 60 75
No. of workers 12 30 65 107 157 202 222 | 230
Solution. Calculation of Median
Wages (in O No. of workers [ c.f.
015 12 12
15—30 30-12=18 30
30—4b 65-30=35 65
456—60 107 -85 =42 107 =¢
L=60—75 157-107=50=f 157
75—90 202-157 =45 202
90—105 22923202 = 20 222
105—120 230-222=8 230=N
N=230
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N 230 Role of Statistics and
E=?= 115 Measures of Central
Median = size of 115th item Tendency
Median class is 60—T75.
N NOTES
Median = L + 2f h =60+ (%] 15=60 + 2.4 = ¥ 62.40.
Example 1.23. You are given the following incomplete frequency distribution. It
is knoun that the total frequency s 1000 and that the median is 413.11. Estimate the
missing frequencies.
Value Frequency Value Frequency
300—325 8 400—425 326
325—350 T 425—450 ?
IS0=375 80 450—475 88
375—400 2 475—500 9
Solution. Let the missing frequencies of the classes 375—400 and 425— 450 be
a and b respectively.
Value Frequency c.f.
f
300—325 H 5
325—350 17 29
350—375 80 102
375—400 a 102+a=c -
L = 400—425 326=f 428 + a
425—450 b 428 +a+b
450—475 88 516 +a+b
475—500 9 525+ a+ b=1000
N=1000
Median is given to be 413.11.
Median class is 400—425.
Now, Median =L + (NIZ—th
Here L =400,-N/2=500,¢c=102 +a, h=25.
7 500 - (102 + a)
413.11—400+( 396 ] 25
(13.11) 326 = (500 — 102 — a) 25
or 4273.86 = (398 — a) 25
or 398 -a=170.9544 or a = 227.0456 = 227
Also 525 +a+ b= 1000
b= 1000 - 525 — 227 = 228
The missing frequencies are 227 and 228.
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Business Statistics Merits of Median

1. Tt is simple to understand.

2. It is easy to compute.
NOTES 3. It is well-defined.
4. Tt is not affected by the extreme items.
5. It is best suited for open end classes.
6. It can also be located graphically.

Demerits of Median -

1. It is not based on all the items.
2. It is not capable of further algebraic treatment. -
- 3. It can only be calculated when the data is in-order of magnitude,

EXERCISE 1.4

1. Find the value of the median for the following series:
4, 6, 7, 8, 12, 10, 13, -~ 14.

2. Find the median for the following frequency distribution:

5 10 15 20 25
f 2 4 6 . 8 10

3. Find the median for the follcn;ving frequency distribution:

Marks 0—10 | 10—20 | 2030 | 30—40 | 40—50 | 50—80

No. of students. 15 17 19 27 19 12

4. For the following frequency distribution, find out the value of median:

Marks 0—7 7—14 1421 - 2128
Frequency |’ 3 : 4 7 11
Marks 2835 35—42 42—49

Frequency 0 18 9

8. Caleulate median and arit;hmetic average for the following data:

Class Interval | 10—20 . 1080 10—40 1050
Frequency 4 6 5é 97
Class Inierval 10—60 10—70 10—80 - 10—90
Frequency 124 137 146 . 150
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6. Calculate the median for the following distribution:

Height (in inches) | 60—63 | 63—66 | 66—69 | 69—72 | 72—75 | 7578
No. of men 8 28 118 66 16 4

7. In afrequency distribution of 100 families given below, the median is known to be 50.
Find the missing frequencies.

Expenditure (in 2) 0-20 20-40 40-60 60-80 80-100
No. of families 14 ? 27 ? 15
8. Find the missing frequencies in the following distribution, if N = 100 and median of the
distribution is 30:
Marks " 0—10 10—20 20—30 30—40 40—50 50—60
No. of students 10 ? 25 30 ? 10
Answers
1. 9 2. 20 3. 31.2963 marks 4, 28 marks
44.6341, 47 6. 68.1356 inches 7. 22, 22 8.15,10

V. MODE

1.20. DEFINITION

* The mode of a statistical series is defined as that value of the variable around which
the values of the variable tend to be most heavily concentrated. It ean also be defined
as that value of the variable whose own frequency is dominating and at the same time,
the frequencies of its neighbouring items are also dominating. Thus, we see that mode
is that value of the variable around which the items of the series cluster densily. Let
us consider the data regarding the sale of ready made shirts:

Size (in inches) 30 32 34 36- 38 40 42
No. of shirts sold 5 22 24 as 18 8 - 2

Here we see that the frequency of 36 is highest and the frequencies of its
neighbouring items (34, 38) are also dominating. Here the most fashionable, modal
size is 36 inches. Technically, we shall say that the mode of the distribution is 36
inches. .

In case of mode, we are to deal with the frequencies of values of the items, thus
if we are to find the value of mode for an individual series, we will have to see the
repetition of different items. i.e., we would be in a way expressing it in the form of
frequency distribution. Thus, we start our discussion for evaluating mode for frequency
distributions. There are two methods of finding mode of a frequency distribution.

Self-Instructional Material
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Business Statistics

1.21. MODE BY INSPECTION

Sometimes the frequencies in a frequency distribution are so distributed that we would

NOTES be able to find the value of mode just, by inspection. For example, let us consider the
frequency distribution:
x 4 b 6 7 8 9 10 11 ‘ 12
1 2 1 5 12 4 2 2 1

Here we can say, at once, that mode is 8.

1.22. MODE BY GROUPING !

Let us consider the distribution: -

4 5 6 7 8 9 10 11 | 12
4 5 7 14 8 15 | 2 2 1

Here the frequency of 9 is more than the frequency of 7, whereas the frequencies
of neighbouring items of 7 are more than that for 9. In such a case, we would not be
able to judge the value of mode just by inspecting the data. In case there is even slight
doubt as to which is the value of mode, we go for this method. In this method, two
tables are drawn. These tables are called ‘Grouping Table’ and ‘Analysis Table’. In the
grouping table, six columns are drawn. The column of frequencies is taken as the
column 1. In the column II, the sum of two frequencies are taken at a time. In the
column III, we exclude the first frequency and take the sum of two frequencies at a
time. In the column IV, we take the sum of three frequencies at a time. In the column V,
we exclude the first frequency and take the sum of frequencies, taking three at a time.
In the last column, we exclude the first two frequencies and take the sum of three
frequencies at a time. The next step is to mark the maximum sums in each of the six
columns.

In the analysis table, six rows are drawn corresponding to each ¢column in the
grouping table. In this table, columns are made for those values of the variable whose
frequencies accounts for giving maximum totals in the columns of the grouping table.
In this table, marks are given to the values of the variable as often as their frequencies
are added to malke the total maximum in the columns of the grouping table. The value
of the variable which get the maximum marks 1s declared to be the mode of the
distribution.

~In case, the values of the variable are given in the form of classes, we shall
assume that the items in the classes are uniformly distributed in the corresponding
classes. Here we shall get a ‘class’ either by the method of inspection or the method of
grouping. This class-is called the modal class. To ascertain the value of mode in the
modal class, the following formula is used.

Mode=L+[ Ay ]h

Ay +4,
where L. = lower limit of modal class
A, = difference of frequencies of modal class and pre-modal class
A, = difference of frequencies of modal class and post-modal class
h = width of the modal class.
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The following points must be taken care of while calculating mode:

1. The values (or classes of values) of the variable must be in ascending order of
magnitude.

2. If the classes are in inclusive form, then the actual limits of the modal class
are to be taken for finding L and hA.

3. The classes must be of equal width.

It may be noted that while analysing the analysis table, we may find two or
more values (or classes of values) of the variable getting equal marks. In such a case,
the grouping method fails. Such distribution is called a multi-modal distribution.

1.23. EMPIRICAL MODE

In case of a multi-modal distribution, we find the value of mode by using the relation
Mode = 3 Median - 2 A.M.

This mode is called empirical mode in the sense that this relation cannot be
established algebraically. But it is generally observed that in distributions, the value
of mode is approximately equal to 3 Median — 2 A.M. That is why, this mode is called
_ empirical mode.

WORKING RULES FOR FINDING MODE

Step I.  If mode is not evident by the ‘method of inspection’, then the ‘method of
grouping’ should be used.

Step II. In case, the values of variable are given in terms of classes of equal
width, then Step I, will give the ‘modal class’.

Step II1. To find value of the mode, use the formula:

mode =L + [——-—A‘ ) h
1+ 4z
Step IV. In case, the distribution is multimodal, then find the value of mode by
using the formula: ‘mode = 3 median — 2 A.M’.

Example 1.24. Find the mode for the following distribution:

Profit ('0003%) 28 29 30 31 32 33
No. of firms 4 7 10 6 2 1
Solution. Calculation of Mode
Profit No. of firms
('000%) f
x
28 4
29 7
30 10
31 6
32 2
33 1

By inspection we can say that mode is T 30,000. This is so because the frequency
of 30,000 is very high as compared with the frequencies of other values of x. Moreover,
the frequencies of the neighbouring items are also dominating.

Role of Statistics and
Measures of Central
Tendency

NOTES
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Example 1.25. Find the mode for the following frequency distribution:

x 5 10 15 20 25 30 35 40
¥ 4 15 25 20 17 26° 10 3
Solution. We find the ‘mode’ by using the ‘method of grouping’.
Grouping Table
x f .
I I I v |4 VI
5 4
19
10 15 44
- 40
156 26 " 60
45
20 20
37
25 17 63 62
43
30 26
36
35 . 10 - 53 a9
13
40 3
" Analysis Table
Column 30 15 20 10 25
I 1
II 1 1
111 1 1
Iv 1 1- 1
Vv 1 1 1
VI 1 1 1
2 4 4 3 2

Sincethe totals for 15 and 20 are equal, the given frequency distribution is

bimodal. For this distri

Calculation of X and median

bution, we find mode by. using the formula:
mode ='3 median - 2 A.M.

d=x—A

x f c.f. u=dh fu
. ) A=20 h=5
5 4 4 -15 -3 -12
10 15 19 —-10 -2 - 30
15 - 2h 44 - 5'. -1 -25
20 20 64 0 0o 0
26 17 81 5 1 17
30 26 107 10 2 52
35 10 117 15 3 30
40 3 120 20 4 12
N=120 " Efu=44
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NGW, f:A-}-(.Z_fu]h
N
=20+ (ﬁ) 5 =20+ 1.833 = 21.833.
120
N+1 20+1
=== == =605

20+ 20

Median = size of 60.5th item = = 20.

Mode = 3 median — 2% = 3(20) — 2(21.833) = 16.334.
Example 1.26. Find the mode for the following frequency distribution:

Role of Statistics and
Measures of Central
Tendency

NOTES

Class

0—5

5—10

10—15

15—-20

20—25

f

6

9

4

2

10

Class

25—30

30—35

35—40

40—45

45—50

i

8

7

5

1

3

Solution. We find the ‘modal class’ by using the ‘method of grouping’.

Grouping Table

Class

II

m

v

5—10
10—15
15—20
20—25
25—30
30—35
35— 40
40—45
45—50

B b O O~

et
(-]

W = i 3

15

18

12

13

12

15

19

13

15

16

Analysis Table

Column

20—25

25—30

30—35

15—20

35—40

I
II
I1I
v
v
VI

[ T = T Ry S —

1
1

1

Total

4

o

3

|

1

Since the total is maximum for the class 25—30, the modal class is 25—30.
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Now mode = L+[ By ]h
A+

Here L=25A,=10-8=2A,=8-7=1,h=5.
NOTES ~

2

Mode =25+ | —=—| 5= 25+ 3.333 = 28.338.
2+1

Example 1.27. If the mode and mean of a moderately asymmetrical series are
16 m and 15.6 m respectively, what would be its most probable median?

Solution, We have mode = 16 m and mean = 15.6 m.

The formulae is - mode = 3 median — 2 A M. ‘
16 = 3 median — 2(15.6)

= S median = 16 + 31.2 = 47.2

4729
median = 3 - 15.73 m.

- Example 1.28. What are the relationships between mathematical averages?
Solution. The following are the relations between mathematical averages:
OAM2GM.zHM.

In particular, if all the items are identical, then
' AM.=GM.=HM. -
(I A M., GM. and H.M. are in geometric progression i.e.,
(G.M.)? =(AM.YIL.M.)
(IID Mode = 3 Median — 2 A M. (Approximately).

1.24. MODE IN CASE OF CLASSES OF UNEQUAL
WIDTHS

When the values of the variable are given in the form of classes and the classes are not
of equal width, then we would not be able to proceed directly to find the modal class
either by the method of inspection or by the method of grouping. In fact, we are to
compare the frequencies of different classes in order to observe the concentration of
items about some item. If the classes happen to be of unequal width, then we would
not be able to compare the frequencies in different classes. To make the comparison
meaningful, we will first make classes of equal width by grouping two or more classes
or by breaking classes, as per the need.

-Example 1.29. Calculate median and mode for the following data:

Class 2 3 o 57 —10 | 10—15 |15—20 | 20—25
Frequency 1 pi 2 3 5 | 10 8 4
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Solution. We make classes as 0—5, 5—10, 10—15, 15—20 and 20—25. -

Class Frequency cf.
/
0—5 1+2+2= 5 5
5—10 3+5= 8 13
10—15 10 23
15—20 8 31
20—25 4 35=N
N=35
Calculation of Median
N 35
—=—=175
2 2

Median = size of 17.5th item
Median class is 10—15.

Median =L + (Nfzf"") h=10+ [&iaﬁ]ﬁ:lmz%:lz_zs.

Calculation of Mode
By inspection, modal class is 10—15.

Now Mode=L+[ A1 Jh
- 17+A2

Here, L=10,A1=10—8=2,A2=10—8=2,h=5.

Mode =10+ | —2— | 5=10+ 2.5 = 12.5.
2+2

Merits of Mode

1. It is easy to compute.
2. It is not affected by the extreme items.
3. It can be located graphically.

Demerits of Mode -

1. It is not simple to understand. -

2. It is not well defined. There are number of formulae to calculate mode, not
necessarily giving the same answer.

3. It is not capable of further algebraic treatment.

Role of Statistics and
Measures of Central
Tendency

NOTES
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EXERCISE 1.5 -

1. Find the mode for the following series:

NOTES & 5 6 2 5 4 5 9 5

2. Calculate the mode for the following frequency distribution:
x. | 4| 5 6 | 7 8 9 10 11 12 13
f 2 -5 8 9 1 12 14 14 15 11 13
3. The number of fully formed apples on 100 plants were counted with the following results:
2. plants - had 0 apples
5 n L] 1 n
7 » iH 2 n
11 1 ’ ” 3 1
18 " T 4 »
24 1 » 5 "
12 E n 6 L2l
8 3y 1H ’ 7 "
6 i ” 8 »
) 4 n i 9 +
3 ” 1"’ 10 "
(i) How many apples are there? -
(if) What is the average number of apples per pla.ut‘?
(i) What is the modal number of apples?
4. Find the mode for the following frequéncy distribution:
Marks : 0—5 5—10 | 10—15] 15—20 | 20—25 | 25—30 | 30—35
No. of students 11 20 31 45 30 12 . 6
5. Caleulate the modal value for the following frequency distribution:
Marks No. of Marks ~ No.of
candidates ) candidates
0—9 ' 6 ) 50—E&9 263
10—19 - 29 60—69 133
20—29 B7 70—179 43
30—39 181 80—89 . - 9
40—49 247 . 90—99 2
6. Obtain the mean, median and mode for the following series:
Marks 10—25 2540 40—55 55—170 70—85 85—100
Frequency 6 20 44 26 3 1
7. Find the mean, median and mode for the following distribution:
Wages (in %) 516 | 15—25 | 2535 | 3545 | 4555 | 55—65 -
No. of employees 4 6 10 5 3 2
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~ 8. Calculate mode for the following distribution: Role of Statistics and

Measures of Central
Class 0—4 4—8 6—8 8—12 | 12—18 | 18—20 Tendency
Frequency 4 6 8 12 7 2
: NOTES
9. Calculate the median and mode for the following distribution:

Class Frequency el Frequency

10—20 4 10—60 124

10—30 16 10—70 137

10—40 56 10—80 146

10—50 97 10—90 150

10. Calculate median and mode from the following table:

Income 100—200 | 100—300 | 100—400 | 100—500 | 100—600
No. of persons 15 33 63 53 100
Answers
1 b 2.10 3. (1) 486 (i) 486 (i) 5
. 17.414 5. 47.5488 6. 47.95 marks, 48.18 marks, 48.57 marks
7. T31,730,¥29.44 8.7 9. 4463, 40.67

10. 356.67, 354.556

1.25. SUMMARY

* The part of the subject statistics which deals with the analysis of a given group
and drawing conclusions about a larger group is called inferential statistics.

* Instead of examining the entire group, we concentrate on a small part of the
group called a sample. If this sample happen to be a true representative of the
entire group, called population, important conclusions can be drawn from the
analysis of the sample.

* This is the most popular and widely used measure of central tendency. The
popularity of this average can be judged from the fact that it is generally referred
to as ‘mean’. The arithmetic mean of a statistical data is defined as the quotient
of the sum of all the values of the variable by the total number of items and is

generally denoted by x.
* If X, and X, are the A.M. of two groups having n, and n, items, then the
AM. (x) of the combined group is given by
5= nlii +NyX,
n, +n,

e If all the values of the variable are not of equal importance, or in other words,
these are of varying significance, then we calculate weighted A.M.

; T
Weighted AM. = x,, = Sw
where w,, w,, ...... , w, are the weights of the values Xy gy v , x, of the variable,

under consideration.
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The geometric mean of a statistical data is defined as the nth root of the
produet of all the n values of the variable.

For an individual series, the G.M. is given by
. GM.=(x x, ... x )l

If all the values of the variable are not of equal importance, or in other words,
these are of varying significance, then we calculate weighted G.M.

Weighted G.M. = Antilog (-z%}

where w,, w,, ...... , w, are the weights of the values x,, x,, ......, %, of the variable,
under consideration.

The harmonic mean of a statistical data is defined as the quotient of the number
of items by the sum of the reciprocals of all the values of the variable.

IfH, and H, are the H.M. of two groups having n, and n, items, then the
H.M. of the combined group is given by

’ n,+n

H= ——-————n: oy n22 .
H, H,

If all the values of the variable are not of equal importance or in other words,
these are of varying importance, then we calculate weighted H.M.

w
Weighted HM E

; j FW%]

where w,, w,, ..., w, are the weights of the values x,, x,, ..., x,, of the variable,
under consideration. - :

The median of a statistical series is defined as the size of the middle most item
(or the A M. of two middle most items), provided the items are in order of
magnitude.

The mode of a statistical series is defined as that value of the variable around
which the values of the variable tend to be most heavily concentrated. It can
also be defined as that value of the variable whose own frequency is dominating
and at the same time, the frequencles of its neighbouring items are also
dominating,.

In case of a multi-modal distribution, we find the value of mode by using the
relation

Mode = 3 Median - 2 A.M.

This mode is called empirical mode in the sense that this relation cannot be
established algebraically.

1.26. REVIEW EXERCISES

38 Self-Instructional Material

oo

What are the properties of median?
What are the requisites of a good average?

What do you mean by ‘Central Tendency'? What are the desirable properties for an
average to possess?

. Give different measures of central tendency with their formulse. Also state the situations

whete these measures are used.

What are the desirable properties of an average? Which of the averages you know
possesses most of them? -



Measures of Dispersion

2. MEASURES OF DISPERSION

NOTES

STRUCTURE o

2.1. Introduction

2.2. Requisites of a Good Measure of Dispersion

2.3. Methods of Measuring Dispersion

I. Range
2.4. Definition
II. Quartile Deviation (Q.D.)
2.5. Inadequacy of Range
2.6. Definition
II1. Mean Deviation (M.D.)

2.7. Definition

2.8. Coefficient of M.D.

2.9. Short-cut Method for M.D.

IV. Standard Deviation (S.D.)
2.10. Definition
2.11. Coefficient of S.D., C.V_, Variance
2.12. Short-cut Method for S.D. .
2.13. Relation Between Measures of Dispersion |
2.14. Summary
2.15. Review Exercises
2.1. INTRODUCTION

We have already seen that an average of a statistical series is a representative of the
series. It tells us about the concentration of the items about an average value of the

distribution. Let us consider the following series:

I 10 10 10 10 10
II 10 9 11 12 8
IT1 1 45 1 2 1
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Business Statistics In all the three series, there are five items in each and A.M. of each series is
50/56 = 10. But there is a lot of difference in their formation. In the first series, all the
items are coinciding with 10, i.e,, the A M. and there are no deviations of items from

* AM. In the second series, the devmtmns are very small in magnitude. In the third

NOTES - series, we find that the deviations are very large and it is not justified to keep 10 as

the average of the series. Thus, we see that the number of items and A M. of all the
series are the same, but even tHen there is lot of difference in their formation.

-2.2. REQUISITES OF A GOOD MEASURE OF
DISPERSION

The requisites of a good measure of a dispersion are the same as those for a good
measure of central tendency. For the sake of completeness, we list the requisites as
under :

1, It should be simple to understand.

2. It should be easy to compute.

3. It should be well-defined.

4. It should be based ¢n all the items,

5. It should not be unduly affected by the extreme items.
6. It should be capable of further algebraic treatment.

7. It should have sampling stability.

2.3. METHODS OF MEASURING DISPERSION

I. Range
IL. Quartile Deviation (Q.D.)
HI. Mean Deviation (M.D.)
1V. Standard Deviation (S.D.)
V. Lorenz Curve.,

I. RANGE

2.4. DEFINITION

The range of a statistical data is defined as the difference between the largest and the
smallest values of the variable.
N : Range=L-§,
where L largest value of the variable
S = smallest value of the variable. )
In case, the values of the variable are given in the form of classes, then L is
taken as the upper limit of the largest value class andS as the lower limit of the
smallest value class.
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Example 2.1. Find the range of the following distribution:

Age (in years) 16—18 18—20 20—22 22—24 2426 26—28
No. of students 0 4 6 8 2 2

Solution. Here L=28,S=18
A Range =L — S =28 - 18 = 10 years.

It may be noted that S # 16, though it is the lower limit of the smallest value
class, but there is no item in this class and so this class is meaningless so far as the
calculation of range is concerned.

Let us consider the market value of shares of companies A and B, during a
particular week.

Day Monday | Tuesday | Wednesday | Thursday | Friday | Saturday
M.V. of shares of 12 11 10 13 16 20
company A (in T)

M.V. of shares of 60 50 55 62 70 75
company B (in )

From the data, we see that Range (A) = 20 — 10 =¥ 10 and Range (B) = 75— 50
=¥ 25. From these results, one is likely to infer that there is more variability in the II
series. But this is not so, because the M.V. of shares of A has increased by 100% in the
week, whereas there is only 50% rise in the M.V. of shares of B, during that week.
Thus, variability is more in the first series, Thus, we see that range may give misleading
results if used for comparing two or more series for variability (scatteredness,
dispersion). For comparison purpose, we use its corresponding relative measure, called
‘coefficient of range'. This is defined as

L-S
Coeff. of Range = L+S"
20-10 10
Now  Coeff. of Range for A= 20410 30 - =0.3333.
4 75-50 25
Coeff. of Range for B = T5150 125 = = 0.2000.

Coeff. of Range (A) > Coeff. of Range (B)
Variability is more in the M.V. of shares of company A.

Merits of Range

1. It is simple to und.. “tand.
2. It 1s easy to compute.
3. It 1s well-defined.

4. It helps in giving an idea about the variation, just by giving the lowest value
and the greatest value of variable.

Self-Instructional Material

Measures of Dispersion

NOTES

41



Business Statistics Demerits of Range

1. Tt is not based on all the items.

2. It is highly affected by the extreme items. In fact, if extreme items are present,
NOTES then range would be calculated by taking only extreme items.

3. It does not take into account the frequencies of items in the middle of the
series. ‘ .

4. It is not capable of further algebraic treatment.
5. It does not have sampling stability.

EXERCISE 2.1

1. Caleculate the range for the following series:
17, 10, 12, 8, 12, 16, 18

2. Find the value of range for the following frequency distribution:

Age (in years) 14 15 16 17 18 19 20

No. of students 1 2 2 2 6 4 0

3. Compare the following series for variability:

Doys M T | w | T F s
.M.V. of shares of 48 47. 46 49 .43 45
~company X (in T) A ’ )

M.V. of shares of 10 ‘9 12 12 14 12 -

company Y (in %) )

Answers
1. 11 2.5 years

{Cneﬁ'. of Range (X)=0,0852

Variability is more in the second series.
Coeff. of Range (Y)=0.2174

II. QUARTILE DEVIATION (Q.D.)

2.5. INADEQUACY OF RANGE

Consider the series .
I: 4, 4, 4, 5, 5, G, 4, 5, 5, 1000.

II: 4, ~ 4, 4, 5 5, 6, 4, B, b.
: : _1000-4 996 _

For series I,’Coeﬁ'. of Range = 1000+ 4 =004 0.992
. _6-4 2

For series II, Coeff, of Range = 614-10 (.200.
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On comparing the values of coeff. of range for these series, one is likely to conclude
that these is marked difference in variability in the series. In fact, the series II is
obtained from the series I, just by ignoring the extreme item 1000. Thus, we see that
extreme items can distort the value of range and even the coefficient of range. If we
have a glance at the definitions of these measures, we would find that only extreme
items are required in their calculation, if at all extreme items are present. Even if
extreme items are present in a series, the middle 50% values of the variable would be
expected to vary quite smoothly, keeping this in view, we define another measure of
dispersion, called ‘Quartile Deviation’.

2.6. DEFINITION

The quartile deviation of a statistical data is defined as
QL;—QJ— and is denoted as Q.D.

This is also called semi-inter quartile range. We have already studied the method
of calculating quartiles. The value of Q.D. is obtained by subtracting Q, from Q, and
then dividing it by 2.

For comparing two or more series for variability, the absolute measure Q.D.

would not work. For this purpose, the corresponding relative measure, called coeff. of
Q.D. is calculated. This is defined as:

Q-Q
Coeff. of Q.D. = Q,+Q,
Example 2.2. Find Q.D. and its coefficient for the following series:
x@nv): 4, 7 6, 2 o 12, 19.
Solution. The values of the variable arranged in ascending order are
x(@n?3): 4, 9, 6, 1, +h 127 19.

Heren=1.

Q: “+1=7T 2 Q, = size of 2nd item = 5

Q: (" +1] [ ) v Q= size of 6th item = ¥ 12

Q-Q 12-5
Q.D.= g =T 3.5.
Coeff. of Q.D. = Q: +gi -2 = = 04118,

Example 2.3. For the following data, calculate:

(2) the coefficient of range

(ir) interquartile range, and

(iit) percentile range

Marks 5—9 10—14 15—19 20—24
No. of students 0 3 8 5
Marks 256—29 30—34 35—39
No. of students 4 2 2
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Solution. The first and the last classes in the exclusive form are 4.5—9.5 and
34.5—39.5 respectively.

L-S 395-45 35 -
L+S 395+45 44 = 0.7955.

Calculation of Q;, Q;, Pyq» Py

Coeff. of range =

Marks No. of studenls ' c.f.
f
4.6—95 1 1
9.5—14.5 3 4
14.5—19.5 - 8 12
19.5—24.5 5 17
24.5—29.5 4 21
29.5-34.5 2 23
; 84.5—395 2 25 = N
N = 25-
Q: %= % = 6.25. - Q= size of 6.25th item
Q, class is 14.56—19.5
Q=L+ [Nf4_c}h =145+ (625' 4] 5
f 8
= 14.5 + 1.4063 = 15.9063 marks
Q: 3(%}3(27‘5] = 1875 s Q,=size of 18.75th item
Q, class is 24.5—29.5 !
Q=L+ (3(1_\1/4) —th= 245+ [_18.75—17]5
f 4
= 24.5 + 2.1875 = 26.6875 marks
Interquartile range
=Q, —Q, = 26.6875 — 15.9063 = 10.7812 marks
Percentile range is defined as Py, — P,
N 2%5) _ : o .
P,: IO[I(E] = IO(W] =25 . P, =size of 2.5th item
P,, class is 9.5—14.5.
10 (N/100) - -
Po=L+ [—(T)—”]h =95+ (2'53 1)5 =95+ 2.5 = 12 marks.
P,: 90 (1] =90 [ﬁ) =225 s Py, =size of 22.5th item
100 100
P, class is 29.56—34.5.
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R [90 (N/;OO) c)h

5=29.5+ 3.75 = 33.25 marks NOTES

=295+ [——2252‘ 21]

Percentile range = Py, — P, = 33.25 — 12 = 21.25 marks.

Merits of Q.D.

1. It is simple to understand.

2. It 1s easy to calculate.

3. It is well-defined.

4. It helps in studying the middle 50% items in the series.
5. It is not affected by the extreme items.

6. It is useful in the case of open end classes.

Demerits of Q.D.

1. It is not based on all the items.
2. It is not capable of further algebraic treatment.
3. It does not have sampling stability.

EXERCISE 2.2

1. Find the Q.D. and its coefficient for the given data regarding the age of 7 students.
Age (in years): 1% g 22, 26, 195 28, 17.
2. Compare the following two series of figures in respect of their dispersion by quartile

measures:

Heighi 58 | 56 | 62 | 61 | 63 | 64 | 66| B9 | 62 | 66 [ 55
(in inches)

Weight 117 | 112 | 127 | 123 | 126| 130 | 106 | 119| 121 | 132 | 108
(in pounds)

8. Calculate the coefficient of Q.D. of the marks of 39 students in statistics given below:

Marks 0—5 5—10 10—15 15—20 20—25 25—30
No. of students 4 6 8 12 7 2

4. Calculate the values of Q.D. and its coefficient for the following data:

Size 4—8 8—12 12—16 16—20 20—24
Frequency 6 10 18 30 15
Size 24—28 28—32 32—36 36—40

Frequency 12 10 6 2
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Business Statistics 5. Find Quartile deviation for the following data:

Mid-point | 2 3 4 | .5 6 7] 8 9 [ 10| 11

Frequency 2 3 5 6 |- 8 12 16 7 5 4

NOTES

Answers
- 1. Q.D.=4.5 years, Coeff. of Q.D. = 0.2093
2. Coeff. of Q.D. (Height) = 0.0492,

Coeff. of Q.D. (Weight) = 0.0628

Variability is more in the II series.

3. 0.3356
. Q.D.=5.2083, Coeff. of Q.D. = 0.2643
5. Q.D.=1.406.

III. MEAN DEVIATION (M.D.)

2.7. DEFINITION

Mean deviation is also called average deviation. The mean deviation of a statistical
data is defined as the arithmetic mean of the numerical values of the deviations of
| items from some average. Generally, A M. and median are used in caleulating mean
deviation. Lét ‘e’ stand for the average used for calculating M.D.

For an individual series, the M.D. is given by

where x,, x,, ...... » x, are the values of the variable, under consideration.
For a frequency distribution,

n
£ |x; -
g‘ _Zf[x-a]

N N
"|'where f; is the frequency of x;, (1 <i < n).

' M.D.=

When the values of the variable are given in the form of classes, then their
respective mid-points are taken as the values of the variable.

Median is used in calculating M.D., because of its property that the sum of
numerical values of deviations of items from median is always least. So, if median is
used in the calculation of M.D., its value would come out to be least. M.D. is also
calculated by using A.M. because of its simplicity and popularity. In problems, it is
generally given as to which average is to be used in the calculation of M.D. If it is not
given, then either of the two can be made use of.
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2.8. COEFFICIENT OF M.D.

For comparing two or more series for variability, the corresponding relative measure,

 ‘Coefficient of M.D, is used. This is defined as: _ NOTES
Coeff. of M.D. = il)_ .
Average

If M.D. is calculated about A.M., then M.D. is written as M.D.(%). Similarly,
M.D.(Median) would mean that median has been used in calculating M.D.

We can write

Coeff. of M.D.@ = 2-&
X
Coeff. of M.D.(Median) = MD:Median)
Median

WORKING RULES TO FIND M.D. %)

Rule I.  In case of an individual series, first find T by using the formula x = %

In the second step, find the values of x—x. In the next step, find the
numerical values |x -z | of x—X. Find the sum X|x-%| of these
numerical values |x—x|. Divide this sum by n to get the value of

MD.®. -
Rule I1. In case of a frequency distribution, first find x by using the formula

X= ET{Ix- In the second step, find the values of x —x . In the next s\tep,

find the numerical values |x—Z| of x—x. Find the products of the
values of |x — x| and their corresponding frequencies. Find the sum
3f | x - X | of these products. Divide this sum by N to get the value of
M.D.(x}.

Rule IIL. If the values of the variable are given in the form of classes, then their
respective mid-points are taken as the values of the variable.

Rule IV. To find the coefficient of M.D. (%), divide M.D.(x) by %.

Remarks: Similar working rules are followed to find the values of M.D. (Median) and
coefficient of M.D. (Median).

Example 2.4. Find the M.D. from A.M. for the following data:

x

5

7

9

11

13

7

10

9

5
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Solution. Calculation of M.D. (%)
x fx x—% [x-X] fla—-%|
3 3] -4.8 4.8 9.6
NOTES 5 7 35 ~2.8 2.8 196
7 10 70 -0.8 0.8 8.0
9 9 81 1.2 1.2 10.8
11 5 55 3.2 3.2 16.0
13 | 2 26 5.2 52 104
N=35 Tfc =273 If|x-%] =744
S 28 o
X = N -85 _— 7.8
_ -x| 744
Now MD.@=2f '; =l 55 = 21257,
Example 2.5. Find the coeff. of M.D.(Median) for the following frequency
distribution.
Marks 0—10 I 0—20 20—30 30—40 40—50
No. of studenis 5 8 15 16 6
Solution. Calculation of M.D. (Median)
Marks No. of Mid-points | x-median | x—med. || f| x—med.|
studenis c.f. of classes | (med.=28) ) ’
f)] x
0—10 5 5 5 _ 23 23 115
10—20 8 -13 15 ~13 13 104
20—30 15 28 25 -3 3 45
30—40 16 44 35 ¥ . 7 112
4050 6 50= N 45 17 17 102
N=50 | x—med. |
=478
Median = size of 50/2th item = size of 25th item,
Median class is 20—30
Median=L+| Y2=C =90+ 25_13) 10=28
f 15
)i — medi 478
Now M.D.(Median) = f1x - median = = 9,66 marks.
N 50
- . . _ M.D.(Median) 956 _
Coeff. of M.D.(Median) =T Medm 28 0.3414,
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2.9. SHORT-CUT METHOD FOR M.D.

We know that the caleulation of M.D. involve taking of deviations of items from some
average. If the value of the average under consideration is a whole number, we can
easily take the deviations and proceed without any difficulty. But in case, the value of
the average comes out to be in decimal like 18.6747, the calculation of M.D. would
become quite tedious. In such a case, we would have to approximate the value of the
average up to one or two places of decimal for otherwise we would have to bear the
heavy calculation work involved. If the value of the average is in decimal, the following
ghort-cut method is preferred.

M.D. = (zﬁ)A - (Eﬁ)n - ((ZﬂA - (Eﬂn) a
N

where ‘@’ is the average about which M.D. is to be calculatéd. In this formula, suffixes
A and B denote the sums corresponding to the values of x > ¢ and x < a respectively.

This formula can also be used for an individual series, by taking f’ equal to 1
for each x, in the series. In this case, the formula reduces to

M.D. = (EK)A - (ZK)B - ((n)A — (n)B) a -
’ n

where (n), and (n); are the number of items whose values are greater than or equal to
a and less than @ respectively. _

If short-cut method is to be used to find M.D. (%), then it is advisable to use
direct method to find % , because we would be needing (Zfx),, and (Zfx) in the calculation
of M.D.(x). _

Example 2.6. Calculate M.D.(Median) for the following data :

x: 4, 6, 10, 12, 18, 19,
Solution. Calculation of M.D. (Median)
S. No. Cx ' % - median | x— median |
1 _ 4 -7 7
2 81 (g -5 5
3 10 =20 -1 - 1
.............. 412 1 1
5 181  (Zx), 7 7
6 19 =49 8 8
n=6 Z| x—median | =29
6+1 - 12
Median = size of —;— th item = size of 3.5th item = 10; =11
Direct Method .
~ : 29
M.D. (Median) = M—‘;‘e‘hﬂl = = 4.8338.
Short-cut Method
MD. (Median) — (ZI)A - (Zx)B —((n)A —(n)n)medlan
n
‘ -20-(3- 29
_ 49-20 é3 3).11 =2 — 4.8333.

Measures of Dispersion

NOTES
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NOTES

Example 2.7. Calculate M.D. (%) and its coefficient for the following data :

Profit No. of ; Profil No. of
(in? firms’ Gind firms
5000—6000 10 0—1000 4
4000—5000 15 - 1000 o 0 6
3000—4000 30 — 2000 fo - 1060 -8
2000—3000 10 — 3000 to — 2000 10
1000—2000 5 ’
Solution. Calculation of M.D.(®
Profit . No.of . x fx
nd - firms (f)
— 3000 to — 2000 10 — 2500 — 25000
— 2000 to - 1000 8 . —15Q0 —12000 . .
— 1000 to 0 6 | @y ~ 500 ~3000 \@fg=
0—1000 4 =33 500 2000 |-30500
'1000—2000° 5 1500 7500
2000—3000 10 ] . 2500 . 25000
. 3000—4000 30 | (ZDA 3500 105000 (fo)A
4000—5000 15 1= 65 4500 . 67500 (=252500
5000—6000 .- 10 J 5500 55000 J
N =98 Xfx = 222000
_ Zfx 222000 -
x= N s - Rs. 2265.3061
—(fo)g = [EP)s - z
. Now MD.(x) = &)y - Clp N[( fla ~ (gl =
_ 252500 - (-30500) - (65 — 33) 2265.3061
o 98 '
- 21051021 _ 4 9148.0633
98
. 2148.0633
Coeft. of M.D. (¥} = M.D.(x) _ 21450633 = 0.9482.

¥ 226530861

Merits of M.D.

L. It is simple to understand.

2. It is easy to compute.

3. It is well-defiried.

4. It is based on all the items.

5. It is not unduly affected by the extreme items.
8. It can be calculated by usiﬁg any average.
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Demerits of M.D. ’ Measures of Dispersion

1. It is not capable of further algebraic treatment.

2. Tt does not take into account the signs of the deviations of items from the
average value. ) NOTES

EXERCISE 2.3

Caleulate M.D.(%) and its coefficient for the following individual series:
21, 23, 25, 28, 30, 32, 38, 39, 486, 48.

=

2. Compute M.D.(x) for the following data:
Marks 10 15 20 25 30
No. of students 2 4 6 8 5

3. Find the mean deviation about median for the following data:

x 6 12 18 24 30 36 | 42
H 4 7 9 18 15 10 5
4. TFind the mean: deviation ahout the mean for the following frequency distribution:
Class 0—4 48 812 12—16 16—20
[ 4 6 8 5 2

. Calculate M.D. about A.M. and also about medien for the following data:

Income per week (in ) 20—30 30—40 4050 50—60 60—T0

No. of families 120 201 150 75 25
6. Caleulate coefficient of mean deviation and coefficient of median deviation for the
following:
Marks. 140150 150—160 . 180—170
No. of students 4 6 10
Marks 170—180 180—190 190—200
No. of students 18 9 | 3

7. Find M.D. and cosfficient of M.D. about median for the following data:

Size 5 6 7 8 9 10
Frequency 8 12 18 8 3 1
Answers
1. M.D.{(x) =178, coeff. of M.D.(x} = 0.2364. 2, M.D.{x) = 5.12 marks,
3. 715 4,384
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" Business Statistics 5. M.D.(®) =% 9.22, M.D.{median) =% 9.07.

6. Coeff. of M.D.(x) = 0.062, Coeff. of M.D.(median) = 0.059.
7. M.D.(median) = 0.9, Coeff. of M.D.(median) = 0.1286.

NOTES

IV. STANDARD DEVIATION (S.D.)

2.10. DEFINITION

It is the most important measure of dispersion. It finds indispensable place in advanced
statistical methods. The standard deviation of a statistical data is defined as the
positive square root of the A.M. of the squared deviations of items from the A M. of the
series under consideration. The S.D. is often denoted by the greek letter ‘a’.

For an individual series, the S.D. is given by

where x,; x,,
For a frequency distribution,

where f, is the frequency of x; (1 £i < n).

When the values of the variable are given in the form of classes, then their
respective mid-points are taken as the values of the variable.

2.11. COEFFICIENT OF S.D,, C.V,, VARIANCE

For comparing two or more series for variability, the corresponding relative measure,
called coefficient of S.D. is calculated. This measure is defined as:

Coefficient of S.D. = g- .
X
The product of coefficient of S.D. and 100 is called as the coefficient of variation.
Coefficient of variation = (-S—__D—J 100.
X

This measure is denoted as C.V.

CV.= (2] 100.
X

In practical problems, we prefer comparing C.V. instead of comparing coefficient
of 8.D. The coefficient of variation is also represented as percentage. The square of
S.D. is called the variance of the distribution.
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Rule L.

Rule II.

Rule III.

Rule IV.

WORKING RULES TO FIND S.D.
In case of an individual series, first find x by using the formula ¥ =

E. In the second step, find the values of x — % . In the next step, find the
n

squares (x —x)? of the values of x-%. Find the sum X (x — x)?of the

values of (x — ¥)*. Divide this sum by n. Take the positive square root of
this to get the value of S.D. :
In case of a frequency distribution, first find x by using the formula x

= % In the second step, find the values of x — X . In the next step, find

the squares (x — )* of the values of x — . Find the products of the values

of (x - X)? and their corresponding frequencies. Find the sum Xf(x - %)
of these products. Divide this sum by N. Take the positive square root of
this to get the value of S.D.

If the values of the variable are given in the form of classes, then their
respective mid-points are taken as the values of the variable.

. _ S.D.
) Coeff. of S.D. = 22

AM.

(1) Coeff. of variation (C.V.) =
(#ii) Variance = (S.D.)%.

x 100

Example 2.8. Calculate S.D. and C.V. for the following data:

Measures of Dispersion

NOTES

x 5 15 25 35 45 55
f 12 18 27 20 17 6
Solution. Calculation of S.D. and C.V.
x f fx x-% (x - %)? flx-%)2
5 12 60 - 23 529 6348
15 18 270 -13 169 3042
25 27 675 =B 9 243
35 20 700 7 49 980
45 17 765 17 289 4913
55 6 330 27 729 4374
N=100 | Xfx=2000  flx - %)
=19900
_ Ifx 2800
==—="—— =28
N 100
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. 2
- Now J HE_5 _ (19900 _ A58 _ 141067,

“Y 100

NOTES ' OV, = [SxDJ 100 = (14‘;:67] 100 = 50.3811%.

Example 2.9. The mean of 5 observations is 4 and variance is 5.2, If three of the
five observations are 1, 2 and 6, find the other two.

Solution. Given observations are 1, 2, 6. Let the other two observations be

a and b,
AM=4 = =4
] n
= —1"2*2*“”’:4 > a+b=20-9=11
a+b=11 | D
Also Variance=§-(i;fi
2(x-%)? = 2(x? +E% - 2n%) = 2 + n X% - 2%
=zxz+n§2'—2£[%]n
=%x? +nx? -2n %2 =3x%-n%%
Variance=M=g—Ez.
. n n
N 52:12+22.+652+a2+b2_(4)2=;52:%&_16
= a2+ b2+ 41=(212)%x5=106 = a?+b2=65 (2)

Solving (1) and (2), we get a=4,b=17,

2.12. SHORT-CUT METHOD FOR S.D.

We have seen in the above examples that the calculations of S.D. involves a lot of
computation work. Even if the value of A.M. is a whole number, the calculations are
not so simple. In case, A M. is in decimal, then the calculation work would become
more tedious. In problems, where A.M. is expected to be in decimal, we shall use this
method, which is based on deviations (or step deviations) of items in the series.

For an individual series X, X, ..... » X, WE have

2

n n

>ul | Yy

i=1 i=1
n

S.D.= -] =
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For a frequency distribution, this formula takes the form
2

n n
Z fiuiz E fiui
§.D.= |t _|it

N N

Tf? (Tfa)? .
-h-\’ N (T] -

x; —
P
A and k are constants to be chosen suitably. This method is also known as step
deviation method.

In practical problems, it is advisable to first take deviations ‘d of the values of

where f; is the frequency of x; (1 <1 < n) cand u;= 1<i<n.

the variable (x) from some suitable number ‘A’. Then we see if there is any common |.

factor greater than one, in the values of the deviations. If there is a common factor

h (1), then we calculate = g =X A in the next column. In case, there is no common

h

d
factor greater one, then we take b = 1 and u becomes u = 1 x—A,

In this case, the formula reduces as given below:

S.D.= ‘j%zF—(%f

(d
N N
where d = x — A and A is any constant, to be chosen suitably.

(Individual Series)

S.D.=

(Frequency Distribution)

WORKING RULES TO FIND S.D.

In case of an individual series, choose a number A. Find deviations d(=
x - A) ofitems from A. Find the squares ‘d?’ of the values of d. Find S.D.
by using the formula '

Rule L.

2d? (zdY?
=3

If some common factor h (> 1) is available in the values of d, then we
calculate u’ by dividing the values of d by h. Find the squares ‘u®’ of the

2 2
values of w. Find S.D. by using the formula: \#_E% - (%) x h.

RuleII. In case of a frequency distribution, choose a number A. Find
deviations d(=x - A) of items from A. Find the products fd of f and d.
Next, find the products of fd and d. Find the sums Xfd and Zfd®. Find
S.D. by using the formula:

ezNED)

Measures of Dispersion

NOTES
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If some common factor h(> 1) is available in the values of d, then we
caleulate ‘v’ by dividing the values of d by h. Find the product fu of f
and u. Next find the products of fu and u. Find the sums Zfu and Xfu®.

Business Statistics

NOTES Fufd S.D. by using the formula:
2 2
Zfu” _(&) <.
N N
Rule I11. If the values of the variable are given in the form of classes, then their
respective mid-points are taken as the values of the variable.
Example 2.10. The scores of two batsmen A and B for 20 innings are tabulated
below. Which of the two may be regarded as the more consistent batsman?
Score 50 51 52 .53 54 55 56 57
No. of A 1 ] 0 4 3 6 3 32
innings B 1 2 2 6 3 4 .| 2 0
Solution. Calculation of C.V. for Batsman A
Score No. of innings d=x-4A
x- . f A=53 u=d fu fu?
50 1 -3 -3 -3- 9
ol 0 -2 -2 0 0
52 0 -1 -1 0 0
53 4 0 0 0 ]
54 3 1 1 3 3
) 55 6 2 2 12 24
. b6 3 3 3. g 27
57 3 4 4 12 48
N=20 Tfu =33 Tfut =111
_ fu 33
=A+— = —_— =
F=A+-" =53+ o =5465
_(zfd (Efu]z i1 (83
. 8D.= J N N 1720 20) = 1.6815
" (8.D. _ (16815 _ .
.C.V. _for A= ?J 100 = [—-—-5 365 ] 100 = 3.0768%.
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