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Business Statistics

A

'NOTES

1.1. INTRODUCTION

In ancient times, the use of statistics was very much limited and is just confined to the
collection of data regardmg 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 contributed 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 decigions in'the midst
of uncertainty.’

- - R

1.2. ‘APPLICATIONS OF INFERENTIAL STATISTICS |

The part of the subject statistics which deals with the analysis of & given 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 locality 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 exammmg 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 conclus:ons‘can be drawn from the
analysis of the sample. The conditions under which the conclusions for samples can be
considered valid for the corresponding populatlons are studied in mferentlal statistics:
"Since such conclusions cannot be absolutely certain, the language of probablllty i8
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. o '

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 also, if we proceed

with comparing the wages of workers of one factory with that of the other on md.mdual
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 consndered 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 sée that an gverage or a measure of central tendency of a statistical data is that |

single value of the variable which represents the entire data.

Fl X

1.5. REQUISITES OF A GOOD AVERAGE

1. It should be easy to understand : R
2.1t should be simple to compute.  * Wi
3. It should be well-defined in the sense that it is defined algebraically and
should not depend upon personal bias. o

A

4, Tt should be based on all the items. © .«
! 5. I't should not be unduly aﬂ'ected by extreme items in the series.
6. It should be capable of further algebralc 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 t.ogether

It should have sampling stablhty -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.

X . i v *

-

1.6. TYPES OF MEASURES OF CENTRAL TENDENCY
~ (Averages) _ -

1. Arithmetic Mean (A M.) II. Geometric Mean (G.M.).
IIF. Harmonic Mean (HM.) - IV. Median
V.-Mode. s #

4 . i

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 .

Rale of Statistics and
Measures of Central
Tendency

NOTES

' Self-Instructional Material 3




Business Statistics

NOTES

(@) For an individual series, the A M. is given by

- W T M
e e Shem —— x‘;—:='¢ = B
o AM=0t8ttEe st o oore briefly as —
. n n ; rn -
. 1 * o Ix ' '
L.e, X= —l'i- i . .
where x, x,, ...... , X, are the values of the variable, under consideration. s

(b) For a frequency distribution,

_hmthx ta. +}nxn _i=1 . ._fo_ff.‘c
L M e R T YN

‘XIL [ oo 1\\ : -

= —— ——— L mx = - — —_ B - —_

ie., X=—

N ¥
where /; is the frequency of x; (1 <i < n). For smaplwlty, If ie, 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 AM.

Rulel. Incaseof an individual series, first find the sum of all the items. In. the
second step, divide this sum 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 ﬁ'equencxes
and value of items. In the 'second step, find the sum (Tfx) of these ~
sproducts. Divide this sum by the sum (N) of all frequencies. Th;s gives |- -
thevolue of x.

Rule 111 If the values of the variable are given in the form of classes, then their
=~ respective mid- -points are laken ‘as the values of the: vanabte _ -

Example 1:1. Find the A.M. of the foliowirg data: "

Roll No.™ = 1= 2 | =3 4 577 6 7 | 8
Marks in Maths |' 12 8- 6 9 7 8- 7 | 14

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

f_'Sumofvaluesofx_12+8+6+9+7+8+7,+14_£
" Numberof 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,
theAM becomes 16. Find the value of the 10th item. r

Solution. Let the values of 9 items be Xy, Xgy oy Ky

-2,

Let ¥, be the 10th item.

4  Self-Instructional Material
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AM of x,, %, ..., %, %,,i8 16 - e
e xl:f Xo o P + xs + xlo - e e
) ¢ ¥ 16 10
¥ty to Lyt 2= 160 X
- 135 + ¢, = 160
s #Xy, = 160 - 135 = 25. - s

Example ‘1.3. (@) The marks obtained by 20 students in a test were: ™ v
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.

&) Ifextra 5 nmrks are given to each student, show that the mean marks are also

mcreased by 5 marks.

Solution. (a) Mean marks = Sum of marks obt;;led by 20 students

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

+12+18+11+9+6+8+17+21+22+7+68 255 ’
- - - - - =12-75-
- 20 20
(b} New.marks are; _

13+5=18, 17+ 5=22, 11 +5=186, h+5=10,
.18+ 5= 23, 16+5=21, 11+ 5=186, 14+5=19,

13+ 5=18, 12+ 5=17, 18+ 5=23, 11 +56=186,

9+5=14, ?_6+|‘_5=1=1, B+5=13,. 17+5=22,
21+5=26, 22 + 5 =27, T+5=12, T 6+5=11

New mean marks - &

18+422+16+10+23+21+16+ 19+ 18+ 17
C +23+16+14+11+13+22+26+27+12+11

Role of Statistics and
Measures of Central
Tendency

NOTES
X

ki

0 - ’ a
355
! = = =7. 75-—12 75+ 5= oldmean marks+5.
20 . s
Example 1.4. "Calculate the AM. for the following data
Marks. = 010 | 10=30 | 30—40 | 40-50"| 50—80°|+ 80—100°
+No. of students i 7 | 15 8 3 2 v’
g T EET - v " DT " w
Solution. , Calculation of A.M. s ove o+ rrer
Marks No.'of s.".ude‘nts ‘Mid-points of clasges P
f' F ) x v ' | ¥ fx
0—10 . 8 8 25
1030 7 Y20 T Y140
30—40 15 35 - y 525
40—50 8 45 360
-50—80 | 3 65 195
80—100 2 a0 180
N=40 | Tfe= 1425
_ Sfc 1425
e— i e— 35.6 -
x N 20 25 marks

Self-Instructional Material” §
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1.8. STEP DEVIATION METHOD

When the values of the variable (x} and their frequencies (/) are large, the ca]cﬁlation
of A M. 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
~A
h

d_1 =x,-Ad,=x,-A, ...,d = X, —~A Wedefineu= wl:ere h is some suitable

| common factor in the deviations of values of x from A. The definition of v/’ is meaningful;.

because at least ‘h= 1 is a common factor for all t.he values of the devmtmns The

e ]

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

A
values of x. In this case, the values of the step deviations are )
& ~A . xp-A T . x -A
ul—xlh ,u2=x21h ) e ,uﬂ=x"'h { 4
v For "1<i<n’ u= %A i, x,=A+uh .
. ' h . ’ ? i
> 2= blr):f Ef(A+uh) —-2{,A+ zf,uh
=A. % + L uh = A+2§T"_h R
zfiui) : . .
A+( N h.-

In brief, the above formula i§ written asX =A+ (%} k.
S AL ¥ : 41

X
In case of md.wldua] series, this formula takes t.he fomX =A+ ( uJ h.

In dealing with practical problems, it is ad\nsable to first take deviations l(c:l)
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 valaes of the deviations. Ifthere is a'common

s -

_ d x-A

factor h(>-1), then we calculate u= % =X 3 in the next column. In case, there 18 no
| common factor other than one, then we take & = 1 and u becomes %F d= q:b'-A In this

casé, the’fdimulae reduces as given below: 5

T
X=A+ 2] ' (For Individual Series)
n .
- zfd S o

_ X =A+ N (Eor Frequency Distribution)

whered=x- A and A is any constant; to be chosen suitably.




WORKING RULES TO FIND AM.

In case of ‘an individudl series, choose a number A. Find deviations
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 dtmdmg the values of d by h and fmd x by using the

" formula :

e N t
Rule II.

¥

Rule III_ If the values of the varw.ble are given in the form of cf,asses ther thezr .

F=A+ (E] h. -
An _ :
In case of a frequency distribution, choose' @ 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 valie of ¥.
If some common factor h(> I) is available in the values of d, then we -

calculate u’ dividing d by h and find by using the formula :
- Z‘ﬁ.',J
_A s Sl
X +( N h, _

respectwe mid- pom.’.s are taken as the values of the uarmble

!
E ] = 3

Role of Statistics and
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Example 1.5. Find the A M. for the following mdwzdual series:

-
1236, 1436, 1636, 1836, 20.36,  24.36.
Solution. Calculatmn of AM.
Variable d=x—A ~ u=dm
x A=1636 h=2
12,36 ST ST -2
14.36 -2 -1
16.36 0- # 0
18.38 2 1
20.36 .4 > 2
24.36 8 4
. ) Zu=4
Now ‘—A+( Jh 1636+(:J = 16.36 + 1.33 = 17.69.
Example 1.6. Calculate A M. for the following data:
. 7 L .
Temp. (in°C) -401t0- 30 -30to—20 -20t-10 -10t0
No. of days ~10: 28 30 » 42°
Temp. (in°C) 0-10 10-20 20- 30 il
"No. of days 65 180 10

Self-Instructional Maremzf 7.
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Business Statistics Solution. Calculation of A.M.
¥ - * )
> Temp.. "No. of Mid.-points d=x-A |. u=dh
(in°C) days of classes A=-3 h=10 fu
NOTES ! x
- 40to-30 10 - 35 -30 . -3 - 30
—30to-20 28 -25 -20 -2 - 56
-20to-10 30 -15 -10 -1 | =30
—10t00 42 -5 0 0 0
0—10 665 5 10 1 66
‘ '10—20 180 15 20 2 360
. 20—30 10 25 30 3 |, 30
N = 365 3 fu =339

oA o _54(380)10=5+ 2877 < 4.2877°
Now x-A+( N’]h b+ (365) 10 5 9 877 = 3770

]

L
'

1.9. A.M:. OF COMBINED GROUP

Theorem. If X; and X;are the AM. of two groups having n, and n, items,
then the A M. (X) of the combined group is given by &
Fo n,%, +n,%; .
n, +ng
Proof. Let x,, x,, ...... , X
respectively.

m and ¥, %, ... , ¥, be the items in the two groups

- 1.
a, = nlxl_ L

- Now 5  Sum of items in both groups -
Ri+ny

X+ X Hennnn +X, T Y1+ Yy +..:f...:..+_',‘v,.‘2 _

X n+ ng
Te n;X; +ngXy .
m+ng
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 200 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.

8 Self-Instructional Material
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I Solution. No. of workers in the day Shl.ft ("'1) = 700 .. _ I;Jofe af. S“’“’g"s;"”‘f
EI | No. of workers in the night shift (2,) * . =300 . e
5 Mean wage of t;rorkers in the day,shift (x,) =3450 -
{ ‘Mean wage of all workers () =% 500 ’ NOTES
Let mean wage of workers in the night shift = X, =
Ve : _ _
Now = nlfl +. 3252 Beady 5 ay .
ny +ngy :
700 (450) + 300.(%;).. -
. e & := ——r YT _ L it - =n -_ e —_—
| b 0= T o030 . % 500000:= 315000%300,
« Tz 2h = ..::—.300'52--_: 185000 w:.w_w«. . JEEe. -
Y oo 185000 %t v A oeT N
' o Xy = 300 - T 616.67. )
1.1 O.WE|GHTED A.M. - h

——— — ey
«If all the values of the variable are not of equal unportance or in other words, these
are of varying mgmﬁcance then we calculate welght.ed AM.

-

- Z: > .
v WelghtedA,M =x,= 2: s T ow okt
where w,, w,, ......, w, are the weights of the values X, %, ......, X, of the variable, under )

consideration. .

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

_~ - - 4 - £y

Subjects Weight Marks of Marksof |  Marksof
s i B
Statistics 4 63 | e | es
Accountancy 3 Ml E gy AT T b,
‘ ' Economics 2 58 ™t 56 L
| Mercantilé Laii *| * 1 e Il b e 52

The candidate getting the highest marks is to be awarded the scholarship. Who

| _ should get it.? Vi e ol .
Solution. Calculation of welghted A M v
‘ T S U T T AT . . - oo, ..
| Subject Weight | Marks of ) Marks of Marks of
, ' Hu -y T A o] faxp B wx,. |- C- X
| X ' *a X3
Statistics 4 63 252 60 | 240 65~ | 7260 -
Accountancy | 3 85 B |- fed | Fiez | i 210 \
" Economics 2. | 58 | 116 86 4 1z | <63t | 128,
Mercantile Law | 1 70 70 | 80 80 52 52 .
| Zw=10 Swx, Sun,  Suwx,
- =633 | = 634 =648

t  Self-Instructional Material 9
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| where f; ’is_' thé frequenecy of X7 (1< i < n).

| theoretical.

3 zu:,' .
Weighted AM. of Aa=Z0 oy ‘
[ m . v
Weighted AM. of . B= &? =% =62.4
. 17
I f
Weighted A M. of = E;za = %’3 =64.8

The student ‘C’ is to get the scholarship.

1.11. MATHEMATICAL PROPERTIES OF A.M.

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

™

-

-
e., "‘z,"f}'(xe"—f)‘of

i=1 ) 7 oo Al
= o

-z - == D

2. In a statistical data;, the sum of squares of the devmtmns of items from AM

vy

is always least i.e., 2 f: (x; - %)¥is:least, where f; is the frequency of x; (1 i< n).
i=1
3 *

Ments of A.M. .
' 1 It is the sunplest average to understand. 1

I

Y

2. It is easy to compute.

8 It is well-défined.

4. It is based on all the itemns.
5. It is capable of further algebralc treatment.
6. It has sampling stability.

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

L BT a4

Demerits of A.M. ; .
4L -t
1, It may not be present in the glven series itself. For example, the AM of 4, 5,

i
4+5+6+6
2 - 5.25, which is not present in the series. So, sometimes it becomes
b t

ES

- - v -

-

N L TR

X

6,6is

2. Tt cannot be caleulated for qualitative data.
3. It may be badly affected by the extreme item. . T

b .. o~
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w4 s e s o EXERCISE1:1 P
1. Find the AM. of the series 4,6, 8, 10712, -
2. The AM. 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 9f the correct mean.
8. Find the AM. for the following frequency distribution:
I T x 10 i1 12 .13 14 - 15
i? - f 2 6 . - 2 8 . 6 . 2_ 6 !
|
‘i -4, Find the AM. for the following data:vueazt
 Marks | 18] 19 20 | 21 92 | 23 | 24
‘; *} «| §No. of students| 169 320 530 698 230 140, 1q5

_B.

WL TS R

6.

10.

Two hundred people were mtemewed by a public opm.lon pollmg agency. The following
frequency distribution gives the ages of people interviewed: Calculate AM.

Age Groups (Vears) | 80—89 | 70-79° " 5069 5059
No. of Persons 2 2 8 20
- _.-Age C?‘OUPS (Years): |-=40—49:- —=30—33 |- 220—29. 119 -
No. of Persons 56 40 B0l W 42
= W o wn — T . | —— e = S
Find the A:M. for the following data: @ R
Class intervals| ~2t02 | 3—7 | 8—12 | 1317 | 1892 | 2327
Frequency 3277 4006 | 2048 | 512 64 © 3
. Fromthe following information; find out: ~ y 1 _ “ ¥
G Whlch of the: factor pays larger amount as daily wages. i 7' *
(). What is thé’ average' dmly wage of the workers of two fact.ones taken togethar 4
y
. FactoryA 3| 4 Factory B,
No. of wage earners g 250‘ 4 200
Average dsily wages T20 25

The mean wage of 100 workers in ;’factory*running two shifts of 60 and 40 workers is
% 38. The mean wage of 60 workers working in the day shift is T 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 i is 70 kg. Tell the number of boys and girls in the class '

separately.

If a student gets the following marks: Enghsh 80, Hmdl 70 Mathematics 85, Physlcs 75
and Chemistry 67, find the weighted mean , marks if the'weights of the subjects are 12
1, 3, 1 respectively. 8 T

3 % g, v z

L A L b +
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11. The following table gives the number of students in different classes in a Government
Semor Secondary Scheol and their tuition fees -Find the average tuition fees per student.

Class No. of students "1 Tition fee\(?)
v ' "85 ' X 0.50" &
n VI '80. : 0.75
VI ‘95 S R )
viIr 90 - 150"
S x | .~ 70 2.00
Answers . P .4
;1 87 3. 76.96 _ %128 )
4. 2061 marks 5 349years - s..4.999'5;_,.-_ T
7t @ Both factones are paying equal amount (i) T22.22 I _. 8.336
9. Boys = 100, Girls = 50-10. 74.625 marks 11.?%.‘}6 . 4

% &

R Py

-
*’“1‘ .

| 1.12. DEFINITION

The geometnc mean of a stat.lstu:al data is deﬁned as the: nth root'of the product of
all the n values of the variable”™

s

»  For an individual series, the G. M is-given by L -
G.M. =@ ... x)”" . . !
where x,, x,, ...... , %, are the values of the variable;, under consideration. From the

definition of G.M., we see that it involves the nth root ofa product, whlch is not possible
to evaluate by using sunple anthmetclcal tools. To solve this problem, we take the help

of logarithms. . - - ’,
We have .. G.M. = (x,x, .uu. x;,)"" - . '
= Antilog [log (x,%, ...... X))
1 ¥ tv) B .
- = Antilog [—' log {x,x5 ... %, )] ’ -

- J no - y i

. * = Antilog [ (log xx;‘+ logxy +.....+ log :En )]
b La '

. . P .
[ GM.=Antilog (__E log x]
n
For a frequency distribution,
GM (xlr’ xz ......x ‘.)lm . -
where f;is the frequency of x, (15i<n) .
Proceeding on the same lines, we get

G.M. = Antilog (E_“T:;EJ

When the values of the vanable are given in the form of classes, the mld-pomt.s
are taken as the values of the variable (x).

3
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- WORKING RULES TO FIND G.M. )

| Rulel. In-caseof 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
. oftheGM.
Rule I1. Incaseof a frequency distribu.',ion, find the product (flog x) of frequencies
and logarithm of value of items: In the second step, find the sum
o (Eflog 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.

Rule II. 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.

o F o

- g ° - +

% 2 |l 4 q 8 10 1 12
5 7 15 ¢ 4 2 1
Solution. - Calculation of G.M. - .
L T n . ..
B DT R LlogxT |17 L.flogx
-~ 2 [ o3 5 {‘,Ji £ i+ 0.3010 n 29.':11" 1.5050
4 - 7 . ‘e 0.6021 n 4.2147
6 15 . 07782 11.6730
8 “« 4&£77 T 7 og081 3 | 3.6124
g o
10 2 ' 1.0000- 2.0000
W - 12 4 my 1 S lomz | 10792 .,
N=34 ' " 24.0843
- ‘ '_ -y -
Now ‘G.M. = Antilog (E‘f—l:;’g-i]

= Antilog (243?343} “Antilog (0.7084) = 5.110.

Exainple 1.10. Find the G.M. for the data given below: >

et

Yield of wheat 7.5—10.5 10.5—13.5 13.5—16.5 165—19.5

(in quintals) oo ¥ wt .
No. of farms A S ) 19 23
Yield of wheat 16.6—-22.5 1. 22.51?25.5 . 25.6—28.5
(in quinials} _ -
No. of farms 7 .4 1

- - = N

- -
¥ as .
-~

Role of Statistics and*
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Solution. Calculation of GM, ~ -
oo &, FT 47 x ow £l

Class, | Mid-poinix vl oa o JoBX, ¢ opa s flogx. ] -

al

' B A . L 1'% 3 [ ¥ FI LA M L
7.5—10:5 ¢ 9 ; |7 15, © 09542 | 47710
¢ 105—135 12 9 10792 | ¥ 97198
135185, | * 415 s %9 v s B, 11761 | ™~ 223459 sl
165195 | 18 v ggms 12558 ! | 288719
19.5—225 | 21 T & '1*,35'22‘ ¢ to.2554
925 955 | 24 s ) gresez | R (55208
255285 .27 I T 14314 ., 14314 .
Y it N=68 Tflogx
| 2819092
- — - I
Now G = Antilog [}: f;;gx} =.Amﬂdg_(sxggsz) .-

= Antilog (1.2045) = 16.02 quintals.

B - e

1.13. G.M. OF COMBINED GROUP

——

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

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

LI

G = Antilog Dy log Gy + 1, log Gy .
A n +ny X
Proof. Let Xps Ky creens Xy and y,, ¥y, -.iooss ¥», be the items in the two groups
| respectively. ... ' %
G, = Antilo‘g(z 1‘*-"*}
i }3'1
z log x Bty
_! =t = b = h
log G, ny % _ !
- nlogG,=Slogx + . Grr r an
Similarly, n,logG,=Zlogy - - - '
AR Y i W .. % s
¥ 4 <11 3 R
Now G = Antilog sum o.f l?oganﬂt.h_ms.of allltema LTy
' no. of items in both groups 26 “
= Antilog [Elogx+£10g y]: '
-, L3 + g - -
! <
G:Antilog (nl I.OEG"i'ng log GS]‘ it
! n, +ng .

This formula ¢an also be extended to more than two groups.
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1.14. AVERAGING OF PERCENTAGES _ B

Example 1.11. The G.M. of wages of 200 workers working in a factory is ¥ 700.
The G.M. of wages of 300 workers, working in another- factory ts T 1000. Find the G.M.
of wages of all the workers taken together.

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,) =% 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 Ant.]log (nl ].OgGI +n2 longl

ny+ng

- Antilog [ 200 1og 700 + 300 10g 1000
200 + 300

200 (2.8451) + 300 (3.0000)] — Anc 569.0200 + 900
= Antilog | ———
: 500 500

= Antilog (2.9380) = Rs. 867.

= Antilog[

wf

Geometric mean is specially used to find the average rate of increasé or decrease in '

sale, production, population, ete.
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+7)®, where r iz the average rate of gf'owi;h per unit.
Example1.12. At what rate of inferest would Rs. 100 doub!e in 10 years.

Solution. Here =100 and V,,=200. Y
Let r be the average rate of interest per rupee "
_ V=V, (1+ 190
or 200=1001+N® or (1+r°=2
10 log (1+ 7) = log 2 = 0.3010 .

log {1+ r)=0.03010
1+ r = Antilog 0.0301 = 1.074
r=1074-1=0074
Average percentage rate of interest = 0.074 x 100 = 7.4%.
.Example 1.13. The machinery of an indusirial 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.

Role of Statistics and
Measures of Central
Tendency

NOTES
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-

~ + Solution; ESURI. Wy e e & aE s
. - . N L % . F
" Year. ‘Rateof = Deprecm!ed wlue of the machme " \log x '
depreciation _ attheendof the year takmg
‘ 100 in the begmnmg (x) N £ e )
i 50% ' . B0 T 7 isggo
4 . . 1 ﬂﬁ'\( * " .
1I 30% 70 ' 1.8451
_ . ¥
111 10% . 90, 1.9542
* ! A i . .
v 10% 90 1.9542
v 10% <. 9¢t ¥ . 1.9542 . .
Z log x = 9.4067
IS TR
' . (Tlogi . (94087
G.M. = Antilog (EE‘E) = Antilog ( - J
d, ¢ "‘32 ~-_r£¥fn ’ ) . . -

‘ “ = Antilog (1.88134) = 76.08
Average rate of deprecmtlon = 100 - 76.08 = 23.92%.

are of varying mgmﬁcance ‘then we calculate welght.ed G. M

1-15. WEIGHTED GIMI -3 - H < ﬁ\ N

i o

. AT e ST e - L » = ¥ =t Sl TNETE AR E-

If all the values of the variable are not of equal importance, or in other words, these p

kY

. & Weighted G:M. = -Amﬂog(ﬁ‘%ﬂ‘ig_i} .
where w,, w,, ...... ), are the weights of the values x,, xz, ...... ,x, of the va}iable, under
consideration. -

Example 1.14:-The G.M. ;;f If&bserudf.mns Ew found-to be 12, Later on, it was

_discovered that the item 21 was misread as 14. Calculate the correct valite of G M

Solution. No. ofitems =15 4
Incorrect G.M. =12
Correctitem =21 N ~ - 2
Incorrect item =14 i
%
Now G= Antllog (Z log xJ
‘n -
> . 15 g r‘.‘o
i t X 1
or.. : log 12= M‘r‘e{'ﬁ—"ﬂﬂ r T
LU Incortect E log x =15 log 12 = 15(1.0792) = 16. 1880
g - . LY
Now Correct £ 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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Meritsof GM. = ' v o, TR
1.-It is well defined. - T ¥
> 21t lS hased on all the items. r ; " -, ’f\(;,. I
3 It i8 capable of further algebraic treatment . '

4. 1t is used to find the average rate of increase or decrease in the variables like
sale, produiction, population Bte: e ™

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

6. It is used when larger weights.are to be given to smaller items and smaller
weights to larger items.. - N

7. It has sampling stability.

. . 3 .
Demerits of G.M. Er R

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

- %

3. It may become imaginary in'the presence of negative items.

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

i . - V:.'_ Sarnr  cEAf. | T e B o]
" w TSN

——ame R e e - === = el SR

oo i3 s 4 EXERCISE 1.2 n oar 3y fagd

AR~ " = * B T < {ﬂ Heow

1. From the monthly mcomes of ten faml].les given below, calcu.late G. M .5

i

et

" Role of Statistics and ™

Measures of Central
Tendency

NOTES

S.No. 11 2| 8% 4 5 |6 | 7 81_ 9 | 10
Income (in%) | 145 | 367| 268°| 73 | 185 '619' 280 | 116 | 870 | 315
2. Find the G.M. for.the foliowing frequency distribution: o | -
x 8 10 18 »| a4 Y| wis C g
f -6 10 |- 20 |7 8 . 5 1
3. Caloulate G.M:for the-following data™ |
| Income in D 100—300 | 100—500 | 100700 | 100—1000 | 100—1500.
No. of employees 12 § 18 4| g 30 50 100
4. A firm declared bonus accordmg to raspectwe sa.lary groups as glvan below.:
" [ Salary Group Gn 0 60—75 |  15—90 90105
Rate of Bonus Ts0 T, T70 _ 80 7
No. of emplayees 3 N 4 5
Salary Group (in® |- « 1052120 120135 135—150 ,
< |- Rate of Bonus . %90 - A 0100 110
No: of employees 5 s 7 ' 6

‘Ca_lculate AM., of salaries and G.M. of the bonus pslygblle.-t.o,the employees. .

Self-Instructional Material
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5. The population of & country is increased from 40 crore to 70 crore in 30 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
of 10 + 2 system. Hence the number of students becomes the same as it was before 1983,
Do you agree, if not give reasons’ 3™ vl g 5 « -

7. Amachine is assumed to depreciate 30% in value in the I yéar, 25% in the II year and
20% for the next 2 years, each percentage being caleulated on,the d.lmmshmg valus,
Find the average rate of deprematlon for the four years.

N .
L 8. The G.M. of 20 items was found to be'10. Later on, it was found that oneé 1tem!18 was
: misread as 8. Find the correct value of the G.M.:* st % »
i o
Answers , -
<0 H
1. ¥252.40 2.11.82 .7 794.10‘
4. Average salary = 111 ; Average bonus =7 87,44 53 -
b, 1.9% 6. No, G.M. is to be used, 1.14% decroase * 2t
7. 23.86% 8. 10.41, Y ‘ '
L5 A o
g‘_“‘ . AR - AL Ey 5 . .
‘[II. HARMONIC MEAN.(HM.).| = ]
At ¥ E— : : - - ¥ ;

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 H.M. is given by

- N R

-
-

oA n n )
- HM = T — = —> - - -
v s -1—+l+ ..... s L Y=
A - .‘c1 Xg -x,-l x
.| where y, Xy, ......, X, are the values of the variable, under consideration.
(b) For a frequency distribution,
- %““:“ H-M;,; 1 fi+ fz; ..... +f, — - * 3f - " Nf ’
_ iRl 2 20
where f, is the frequency of x, (I'Si<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 ().

~ WORKING RULES TQ FIND H:M.

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

Rule II. In caseof a frequency distribution, find the quotients (fix) of frequencies
by the value of items. In the second step, find the sum (Z(f/x)) of these
quotients. Divide N, the total of all frequenciés by this sum of quotients.

] ThasgwesthevahxeoftheHM

Rule II1. If the values of the variable are given i7 the form of classes, then their

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

z
¥
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- Examplé 1.15. Calculate the HM. for the following individiial series: -
o AR e . 1 N

I
= Role of Statistics and¥

. % Measures of Central
w | x-i 4 |=7— |- -20- [ =12 |« 197 <) e Tendency
: ¥ < v I Y I o
Solution. Calculationof HM. | ., : NOTES- »
S. No x| lix
! 4 © 0.2500
2 7 <71 ¥ 01420
3 10 0.1000
’ 5&1
! 4 12 0.0833
5 19 0.0526 -
- i 1 .
n=5 e p Z [;] = 0.6288
n____5 _
Now HM. = S [l)f.- o63a8 = 19516,
(2 ) x
Example 1.16. Calculate the value of HM. for the following data:
- - B .
Marks 0—10 | 0—20 | 6—30 |o—40 | 050 | 0—60 | 0—70
No. of students & " 8 15 23 | 51 60 70
Solution. Calculation of H.M. ‘1
Class No. of students ‘Mid:pc;iritf; I Y ’
f x ﬁx 8
0—10 4 Y 5 ' . ~0.8000
10—20 4 ' 1B T * '0.2667
20—30 7 |2 25 0.2800
30—40 8 a5 b 0.2286
40—50 28 *45 0.6222
50—60 9 . 55 0.1636
80—170 ¢ a0 .y 65 . 0.1538
N'=170 -ﬁ) = 2.5149
-t Y e s = = a-:‘Z (x *
e
y o e N 2= o e - . .
Now HM. = =_10 = 27.83 marks.
B y ([_ ) 25149 _
v\ X ¥ ' i LR
) ¥
#
I3 w -
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“ 1.147. H.M. OF'COMBINEE_GﬁOﬁPT' D

4

Theorem. If H, and H, are the H. M of two  groups having n, and n; 1tems, then
the H.M. of the combmed group is gwen by

o __mp+ng .
Tm ny
H, H,
Proof. Let X, X3 o, ¥y and yy, ¥,, ......,¥n, be the items in the two groups
respectively. - ,
M T__n - '
= 3L 2= 3l
- - x y{. =
3 1 n, yl_n
x. Hy’ y Hy'
. N _ no. of items in both groups
ow ~ sum of reciprocals of all the items in both groups
~ - _ = "1"'"*2 . He21tDs :
TV 1 1 5 s nl g I
b 2 + 2 N e |

}
* ThlS formula can also be extended to more than:two groups

Example 1.17. The H.M. of two groups con.',ammg 0and 12 uems are found to
be 29 and 35. Find the H. M. of th.e cambmed £roup.

LS

-

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

Yow

where w,, w,, ......, w, are the weights of the values 1, x,,, ......, x_ of the variable, under
consideration. .

Weighted HM. =

20 2 Self-Instructional Material

Solution. Here n = 10 =12 - _ Y
- “H, =29, H,=35 T -
y Let H.be the H.M. of the combined group! js
S L mtny 10412 | v
s Cmm 1012 # | .
. H, H, 29 35 Fa Loy
. = ' ) ? "
* 22 22 : .
- ' = — =319 o
¢ 03448+ 03429 06877 907. B
- < B . t
. t . .
1.18. WEIGHTED H.M. ) T




A e e e —

Example 1.18. Find the weighted HM. of the items 4, 7, 12, 19, 25 with weights Role of Statistics and

-1, 2, 1,-1, I respectively.- Measures of Central
4 - . - _ Tendency
- o Solution. - Calculation of weighted H.M. )
; . . .
4 - W —r . L
oo o, X LW . w/x NOTES
4 1 0.2500 ¥ =
s i 2 0.2857
] x . - J
12 - 1. 0.0833
’ . 19 1. : 0.0526
25 1 _0.0400 -
1 ‘W= — |=0.7116
i Swes o | T(F0
| S 2 w -
Now welghted HM. = E (w] 07116 = 8.4317
vl T - it
L) . I ]
1 ' ' kb N ;.t' R
Menw Of Hl Ml‘ e el -1
1. It is well-defined. B v i
2.1t is based on all the items. € * o i
> i - '
3. It is capable of further algebraic treatment. = o 1 |
4. It has sampling stability. T |
5. Itis speclally used in: ﬁndmg the average speed, when the distances cmrered I
at different speeds are equal or unequal. i
e e gl B i T wplines oo Sh. BT SRMCRSSIOALTLS caaiecs | S t .
Demenm of H.M. el TR LR
_ T not sumple to underst.and. T B i: e -
il 4 P ; e
> *2 It 18 not easy to compute q . s o o s * :
i3 It gives hlgher weightage to smaller items, which may not.be des:rable in
some problems. : i
o -n& - ;1 T % i r ; . 7R . 1 TR 1Y u“ 7Y o ig
ﬂﬂ: ﬁ F (373 f{ {‘P‘!‘ l'.r' Ta. . ‘;.. . “a hi_{& g A g e
, [ Exercise1s] T e 7, -
1. Find the HM. for the following series: £ + &. .~ [z T e=n ¥
3, 5 6 6,7 & 10, 12.
'3, Find the H.M: for the fo]lowmg series; Teesvma ok iy
T~ s g 0.874, 0.989,0. 012 10.008, 0.00009. %
¥ 3, The fo].lowmg table gves the marks obtamad by students ina class Caleulate the H. M
Marks 18 21 30 45 ,
. 3| Noofstudents | ¥ 6 (I U IR B Rl B
L B R
\ r Self-Instructional Material ¢;21
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4. Calculate the H.M. for the following: “y "

IncomeGn® 7| 10 | .20 30 "4 | 80
No.of persons | 2 S 4 3 R I
5. The following table gives the marks (out of 50) obtained by 70 students ina claas Calculate
the HM.:
Marks 18 21 | 24 26 30 a8 . 45
No. of students 8 12 15 19 9 1 7 2
6. - Calculate the H.M. for the following frequency distribution:
Marks 0-—10 10207 | 20-80 | 3040 | 40—50
No. of students 4 7 28 12 9
7. Following is the data regarding’ tha marks obtained by 159 students in an examination.
Find the HM. « oz ¢
Marhs 0—9 1019 | 20-29 | 3089 | 40—9
No. of studenis 18 37 61 27 . 15
. : -
Answers ' 5 N
1 59 2. 0.0004416 3. 23.2147 marks 4.Rs.19.23
25.09 marks 6. 20.48 marks 7. 15.31 marks

1 “n

1.19. DEFINITION’ ) « e

The median of a statistical series is defined as the size of the mldd.le 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,

18,22, the value of median would be ~> ! 12 _ 11Tt can be observed that 50% items

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

For an individual series, the median is given by,

. . n+l f *
Median = size of ——th item

2z ; ;o

where x,, x,, ...... , X, are the values'of the variable under coneideration. The values

. . o S . oo n+l
X), %5, ....., X, are supposed to have been arrang:ad in order of magnitude. If ;

comes out to be in décimal, then we take median as the'A M. of size of %th a:id[% + lJth

items.

»
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WORKING RULES F.'OR-FIIST;DING MEDIAN FOR AN INDIVIDUAL SERIES

Step L. Arrange the given items in ord;zr of mggmtude
P Step IL. Find the totgl number ‘n’ of items.

Step I11. Write: median = size of ".—*.Izh item. .

Step IV, (0 If

medr.an

1 is a whole number, then -—-——th item gives the.value of
Y I Rl

’ L

(i )If— is mfracuon then theAM of thaud (2+1)£h tlems
gives the uaiue of medwu

For a frequency distribution, in whmh frequencles [f)) of dlﬁ'erent values (x)
of the variable are given, we have

-

¥

1
Median = size of N ; th itemn,

Remark. The values of the variable are suipppsed to have been arranged in order of

¥ magnitude; $ . . y - -"..E @ 4 L up‘;ﬁy
WORKING RULES'FOR FINDING MEDIAN FOR
» ‘A FREQUENCY DISTRIBUTION 3
Step L. 1Aur'mn,ge the values of .the variable in order of magmtude and find the
. cumulative frequencies (c.f,). X i
| - Step IL.  Find the total N’ of all frequencies'and check that it is equal to the'last
j e.f.
. | StepIIL Write: median = size of N 1 thitem. -~ % » d %
a “'* ¥ 1 O g i » * 3 14
_'St.ep IV. (@ If is a whole number then th item gives the value of -

medum For this, look at the cumulative frequency column and find
that total which is either equal to N1 or the next higher than,

’ » ’ LA T P ¢
1
N 2+ and determine the value of the varmble correspondmg fo this.
This gwes the value of medmn = ~
. . 5
(—A-{ + I]th items

- = —r -

gives the value of medum }

In case, the values of the vanable are gwen in the form of classes, we shall

assume that items in the classes are umformly drstnbuted in the corresponding classes.
-We define - SO N

.
:
~R A

<

el . H .!-‘t RY

N
£y, Median = size of 2 th item. ., ; wle

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

Role of Statistics and *
Measures of Central
Tendency

* NOTES
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MM . ia ¢ Median = L+[N‘\\'2f c}h W cuy Lt "

1

where L = lower limit of the median class L

¢ = cumulative frequency of thé class preceding the median class
f=-simple frequency of the median.class , o o
h = width of the median class.

Remark. In probloms o Averagés or in other problems in the follomng chapters; whare
we need 9n1y the mid values of class intervals in the formula, we nesd not convert the classes
written using Tnclusive method’.

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

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

taken for finding L-and A. =l Yaow

8. The classes may not be of equal width ie., h need not be the commion width of all
classes. It is the width of the “median class”. .

g

4. In case of open end classes, it 1s adnsabla to ﬁnd avarage by uamg medlan

WORKING RULES FOR FINDING MEDIAN FOR A FREQUENCY
DISTRIBUTION WITH CLASS INTERVALS 7

Step L. Arrange the classes in’ the ascending order of magmtude The classes
must be in ‘exclusive form'. The widths of classes may not be equal

¥ Find the cumulative frequencies (c.f. roo o N
Step IIL. Fmdl.hewtal 'N’ofaufrequenczes andcheckthantwequaltoﬂwlasc
: c. f )

St.ep 111 Write: median = size of thitem. 5
Step IV. Look at the cumu!aave frequency column and find that total which is

- T

) o e:ther equal to E or the next h:gher than arnd determme the class
*
' correspondmg to Hus That gives the ‘medmn class’.
a1 T n 3
“'StepV. Write: niedian =L + [N‘"" “] h. Put the values of L, NIz e, fhand_
2 calculate the value of medum . e -

Example 1.19. The following are the marks obtained by a batch of 10 students
in acerian class Lest in Staustws and Accountancy:’

Roll No. i lel sl el 6| 78| 9 |10

B . -

| Marks in Statistics . | 63~ 64:| 62 | 32 | 30 | 60 | 47 | 46 | 35 28

? ¢

“Marks in Accounianey | 68| €5 | 35 | 42 |*26'| 85 | 44 | 80%] 33 | 72

In which subject is the level of kmw!edge of students htgher?
Solution. In this problem, median is the most suitable average.

~ The marks in Statistics arranged in ascending order. are: _
T 28, °30, ~32, 85, 46; 47, '60;<62, 63~ 64 W " K

*24  Self-Instructional Material

2. If the classes are in inclusive form, then the actual limits of the median class aretobe °
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L N T I TR LI Role of Statistics and
Here n=10. —= =56.5 R Measures of Central
-~ 2 { . - Tendency
v 1. Median = gize of 5.5th item iy : ey _
L T . _ sizeof Bthitem + sizeof 6thitem  .% ~ » - ** NOTES
- 4 - " - :-—- 2 - ‘- - - 1 zon . = i
] PR —5 Iy e ) -'£
.= 46—; Y o t6Smarks T 5 _ O} - o
The marks in Accountancy arranged in ascending order are:.. vkt ¢ &, ' ,
~ -26, 33, 35,~42, 44, 65, -68, ‘72, 80, 85. -
LN "
- —— n+1 10+1 ‘., P—y -
~~ He = =55 '
H;\re n=10. ; 2 "3 > k
er o, Median = size of 5.5th item % . ! \
e T - size of 5th 1tem +size of 6th item « . .
N T, =
g ot ) 'H'ul.c t..2.
L ‘. ('nu'; ' E'f e
' v :.'1' =44;65 -545marks. " }
. Level of knowledge is hlgher in accountancy - .o !
Example 1.20. The following Labte gwes the weekly expenditure of 100 families. )
Find the median.
LY N | -
..‘ - -.\v. L, - - :. Ja - }.
Weekly expenditure (in 7) 010 10—20 (| 2030 :130_-40 o| 40—50
= - i
No. of families 14 Y 23 27 21
— ra— :
Solution. * Calculation of Median * ;
Weekly expenditure o, .N% of families cf ! *
- (n Y .. ._._: .:: . V. f " ‘. & . . L2 S
. —100  __ | . 14 _- 14
10—20 w : - 13 ) .| (37 =
L=20—30.. « | — 27=f - 64 =
30—40 . i 2 v 7 85
40250 * e . T T T10=N
. e N ST . '
- 'i, LY 2 ¥ _‘:;‘:r"
i N_10__ -
2 2
- -
.- Median = size of 50th item . 0 g
2 5__Median class is 20—30. é - : ) )
N ® “
- Now, median=L+ 2_ 2 h=20+ {502737]10*-.: 20+481 =¥ 24.81. - %
Ha \:\" - -

. v L. -
Self-Instructional Material 25




Business Statistics

[

Example 1.21. The fol&owmg table gives the ages in years of 800 persons. Find -

R out the median age. F
iy
Age (in years) 20—60 2055+ {2040 20—30
NOI_ES No. of persons |5 _1800™% » 740 400 120
Age (in years) 20—50 20—45 20—25 20—35
No. of persons 670 ., 550 50 220
Solution. r . - Calculation of Median v
, _Age (in years) No. of persons (f) o . cf
: 2025 507 Tt 50
: 25—30 - 120- BO= 70 ” 50+ T0= 120
30—35 220-120=100 120+ 100=220=¢
- L = 35—40 400-220=- 180 f 220+ 180 =400
40—45 550 400 =150 400 + 150 = 550
45—50 670 — 550 = 120 550 + 120 =670 -
50—55 7‘_!0 -670= 70 670+ T0=740
v i 55—60 800 -740= 80, 740 + 60 =800
. . N=800,°
' N 800 . «v. v A B e
3 - = m o L) ‘ -
2 2 L
Median = size of 400th item _— -
Median class is 35—40. b ) 1 - - .
_ « v qd
: -l 400- 220
Median = L + | 2 ~|h=85+ |—5—
7o 180 )

b

-r

=35+ 5=40 Years.

3

' Example 1.22. Calculate the medaa.n for the following dam

Wages uplo (in ¥ 15 30 | 45 60 75 ;90 1- 105 120
No. of workers 12 30 65 107 157 ) 202 | 222 230
Solution. Calculation of Median T-
Wages (in 7 No. of workers | . cf.
0—15 -1z 12
1530 30-12=18 - 30
30—45 65-30 = 36 65
45—60 107 —65 =42 « s W0T=¢
L =60—75 157~107=50=f » | _ 157
75—90 202 - 157 = 45 -k 202
90—105 222 — 202 = 20- 292
105—120 . 230-222=8 230 =N
e : N=230 '

26 _ Self-Instructional Material
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-2— = -'2— = 115 ot - .{" " *F " Measures Ofcmﬂﬂf
Median = size of 115th item o o Tendency ‘
Median class is 60—75. ' ¢ s
. 7 A NOTES
N o 1R .
Median =L+ | 2— 14 = 60+ [—-115 107} 15 =60+ 2.4= 7 62.40.
f : « B0 : L I
. —'.E..JAl‘ "'
Example 1.23. You are given the following incomplete frequency distribution. It
is known that the total frequency is 1000 and that the median is.413:11: Estimate the
missing frequencies. - ;
 Value Frequency , |, Value |, , Frequency
8003825 . |y w5 ., 13y 40042 oy ,826
325350 17 ' 425450 2 |
350—376 80- - . 450—475 88 |
375—400 2. PV P .S 475—500 9
Solution. Let the missing ftequencles of the classes 375—400 and 425450 be
aand b respectxvely «
' Value Frequency e.f.
. y of o * N iy =1
~800—325 N 5, = i
325350 - 17 . 22
~350—875 .. 80 102
_ 375—400 - P a, x , gA02+a=¢ =
| .. L=400—425 326=f e |2 428+a
425450  « . b _ d2Bra+d
450475 R 88 516+a+b
475—500 ‘9 525+ g+ b= 1000
) R "o 'N=1ooo .,
* Median is given to be 413.11. -‘—_"- ' -
Median class is 400—425 - LA
Now, Median =L+ (N’?r “]h -
Here L =400, N/2=500, ¢ =102+ a, h=25.
: 413.11 = 400 + (M”-“—)] 25 A
. 326 o7 - weny
So= (13.11) 326 = (500 — 102 - a) 25~ = -
. : ba
or . . 427386=(398-0) 25— - ~ -
or 398 -4 =170.9544 or @=227.0456=227
Also 526+ a+ b= 1000
b= 1000 - 525 — 227 = 228
The missing frequencies are 227 and 228.
i
. Self-Instructional Material 27
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Merits of Median

o

1]

1. It is simple to undefstana, - T .
2. It is easy to compute. : ;
= 3. 1t is well-defined.
4. Itis not affected by the extreme items. -
5. It is best suited for open end classes.
6. It can also be located graphically.

F

- Y 1 W 1 » b
. . . N - - o et E o
Demerits of Median A — ! o
. Ak £l +
e 1. It is not based on all the it.é_ms. - .
2.1t is not capable of further algebraic treatment. g -
371t can only be calculated when the data is in order of magnitude.
X 3 i .
) EXERCISE 1.4 | . _
1. Find the value of the median for the following series: "
. 4, 6, 7, 8, 12, 10; <18,  14: 2
2. Find the median for the following frequency distribution:
‘ 10 15 20 26"~
f 2 4 6 8 Jo
* 3. Find the inedian for the following frequency distribution:
Marks 0—10 | 10—20 | 20~30 | 30-40 | 4050 | 50—60
' No. of students 15 17 19 27 | 1 | 12
4. « For the following frequency distribution, find out the value ‘of median:
Marhs 07 ~ 7—14 1421 2128
Frequency 3 - 4 | 7 oo 1n
Marks 2835 35—42 42—49
Freguency 0 « 18 9
5. Calculate median and arithmetic average for the following data:
. | Class Interval 1020 :10—30 10—40 1050
Frequency 4 ) 6 -~ 56 97
' Class Interval 1060 10—170 © 10—80 10—90
Frequency 124 137 - 146 150

28 Self-Instructional Material




8. Caloulate the medien for the following distribution: z y >
= | Height Gin mches) 6063 | 6366 | 6669 | 6972 | 7275 | 7578
No. of men. 8 28 118 66 | 16 . 4

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

Expenditure (in ¥) 0-20 2040 4060 6080 80-100
No. of families 14 ? . 27, £? 3 | ~15
8. Find the missing frequencies i in the fol.lowmg d:usbnhut.mn if N = 100 and median of the_
distribution is'30: * * . =
== | Marks"- 0—10 "[ 10—20 |=°20-307| 3040 | 40—50 { 5060
No. of students| 10 ? 25 " 3o Yoo | 10
! L
- "Answers " i}
1. 9« 2. 20 o 3,812063marks T 4. 28marks
5.. 446341, 47 ¥ & 6q.1355 inches 2222 7 81510
[ s :
= [ - 1
o o £ ¢ r
IR ‘
. P a Y ey | S 2 * .
L RTE FY '] Tt v
1 1 - - N
1 .20. DEFINITION e © aa
e _‘“ ™ FR7L oy - C e - [

The mode of a statlst.lcal series is defined as that valde of the vanable 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 1s dominating and at the same time,

the frequenmes of its nelghbourmg items are also dommatmg Thus we see that mode
is that value of the variable ardund whlch the 1tems of the senes cluster densﬂy Let
us consider the’ data regardmg the saIe of ready made slurts

1 [P welk o Y

ll r} o) e LY

v Sr.__ze (in iriches) _ _30 32 34 36- | 38 ;| 40:‘
No. of shiris sold 5 22

r

. 42
2%

24 38 16 8

ft Here 'we! see that the frequency of 36 is’ hlghest and t.he frequencles "of its

neighbouring’items_ (34 38y a.re also dommat.mg rHere the most fashmnable modal |
gize is 36 inchés. Techmcally, we sha]l say. that the mode of the. d.'lStnbllthIl is 36 |

mches M A o s

(P

. 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 dlscussmn for eva]uatmg mode for frequency
dJstnbutlons There are two methods of finding mode of a frequency dlstnbutlon

- [ - & L1

i

=1L

.y

Role of Statistics and
Measures of Central
Tendency '

NOTES

L

*a

. . i
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1.21. MODE BY INSPECTION  ~ ©* #% =~ 4

Sometimes the ﬁ'equencxes ina frequency dmtnbutmn are 8o distributed t,hat we would
bé able to find the value of mode just, by inspection. For example, let 1 us con&nder the

. frequency dlstnbutlon o e e R
4 5 6 7 8 |79 Mo | 0T | 12
1 | +2 | 1 5 |.12 | 4 2- 2 +| 1
l—Iere we can say, at'once, that modg is 8. ' . : -
® W & ‘ A

1. 22. MODE BY GROUPING

4. + !

Let us conmder the dlstrlbutlon

i

4 | 5 6 7 8 9 10 11 12
4 5 7 . 1g« [TAkg 15 2 2 1

. dlSl'.I‘lbuthIl ¥’ At - ) a =%

- Heré the frequency of 9i is more than the frequency of 7, whereas the frequencies
of nelghboarmg 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 'Groupmg Table' and ‘Analvsis Table'. In the
grouping table; six columns are drawn. The column of frequencies is taken as the
column I. In the column II, the sum of two frequencies are taken at a time. In theﬁﬂ
column-TII; we‘excludé the first fréqiiency and taKe the sum of tWo. &equencles ata.
time. In the column IV, we take the sum of three frequencies at & fime: In‘the column V -
we exclude the first frequency and take the §am of fréguencies, taking three at'a time.
Inithe last column, we exclude the,first two frequencies and take the sum of three
frequenmes ;at a time. 'I‘he next step;1s to.mark the maximum sums in each of the six.

columnsﬁ'__,q Lo noE WSy S Gu b et @ s 4

In.the analysis table, six rows are drawn corresponding. to-each column-in the:.
groupmg table In thlS table, columns are made for thoge values, of the variable whose..
frequencies dccounts for | g1v1ng maximum totals in the columns of the groupingtable. ,
In this table, marks are glven to the'values of the variable as often as their frequenc1es
are addéd to make the total max;mum in'the columns of the grouping table. .Theyvalue
of the variable® which get the. maxlmum marks is-declared to be the mq:le of the

R —a - w

In. Case, the values of the 1var1able a.re glven m the form, of classes we. shall
assume that the 1tems in ‘the classes are umformly mstnbuted m the correspondmg
classes;'Here we shall get a ‘class’ elther by the method of mspectlon or the’ method of -,
grouping’ This class is called the modal ¢lass. To'ascertain the value of mode in the

_| modal class, the fo]lowmg formula is used.

- o0 -; ﬁ [ ) oy n 3’).61 BT
Nu - ¥ MOde L + m x s L0 Bl A
; d & <Py - i
where' L= lower hm1t of modal classg = - L_H
‘ " roa WL

L i
;u d]ﬁ'erence of frequenmes of modal class and pre-modal class v A
A; difference of frequencles of modal élass and post-modal class

h = width of the modal class.

3. Self-Instructional Material
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r X
The foﬂowmg points must be taken care of while ‘Caléillating mode:
1. The values (or classes of values) of the variable must be in ascendmg order of
magnitude. *
- 2.If the classes are in inclusive form, then the actual limits of the modal class
are to be taken for fmdmg L. and h. N
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 6f valies) of the variable getting equal marks. In such a case,
the grouping method fails. Such distribution is called 2 multi-modal distribution.
N ‘ ¥

[

P ] s - P T - ~ -

1.23. EMPIRICAL MODE .

-

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

: This mode is called empirical mode in the sense that this relation cannot be

estabhshed 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
empmcaI mode.. . - -

WORKING RULES FOR FINDINGJIODE

StepL. I 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 af classes of equal
" width, then Step I, will give the ‘modal class

Step I11. To find value of the mode, use the formula: ¢
¥ 7
’ " mode=L+ [—-———A‘ ] h. r
_‘. % 1+4;
Step IV. In case, the distribution is multimodal, then find the value of mode by
~ __using the formula: ‘mode = 3 median - 2AM’“” T

Example 1.24: Find zhe mode for the fouowmg dzstnbuaon fre® @

PR

Pmm (0007 28 29"' @l g 3'1""'“' 32 33
No. of firms 4 7o € 105, |5 6 2 w1 -
¢ ‘Solution. = ' g CalculationofMode 3 h
i C Profit ™ . No..of firms
. (6007 - ! N
"
. X
‘ ' 28 4
29 7 tn o+
~30 10
31 6
32 b 2
33 : d N 1 !

By inspection we can sa} that mode is T 30,000. This is 80 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.
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Example 1 25 Fmd the mode for the foHowmg frequency dwtnbutwm a7

L o=y i 5 210 |3 15 2038 F g5 | 308 | g5 b | oy
remran I
Y. _15 . 25 || 20 L7 | 26 _10 ) -3 :
. - o TN oe” e e + iz
Solutlon We find t.he ‘mode’ by usmg the met.hod of groupmg’ & At
r ‘_3 ie e Groupmg Table v v a n
2 £ f# = | E03 o N e o't T K MEUTOD
KL £l =g 4 .|y o Lol RS p " PR P f" g
£t r!fﬂd dabI P {LLH P ik s .liIV t v atw
- =-'.5:=.:-_,-.= E ,4::;-_- e, 19-- s J EE T h— g it o -y, T S TE
10 15 ” wdd HYY 90 3 Al
e e Y T T B = o 6\0 = e e
120 4. L1 RN D 415-. 35 3";&? % g f ¥ K -
25 17 . A\k [ L% T~ 1. 71 I 82
43 ; . R
r 30 w |w 265 | @ i HEM I 2 R ot PR I I A
NREFSR] T STNIOE M A - LN
¥ ‘461 1 b 3 ‘? "13 1 ) ‘ # FJ]. LY 1 k -
- Anilvsis Table
o , ynalysisTable .-~ = o
Column = | & 2:30 S A we [ g5 0
I 1 . i}
. R N IE L . T sxt s » T‘;:l"‘ 15 ‘.‘;“ .
' 111 ¥ 1 v -t n ’i < 1 -
. I_V 1 N ’7,} 3 = rls 29 W - le i L: 'll-‘-?h
v 1 1 1
VI 1 i r‘,_ 1 +£‘ o 1
Y M2 el 34 e > gid PREAE: 238

3 _Since the.totals for 15 and 20 are equal "the | glven frequency distribution is «

bimodal For this distribution, we find mode byusing the formula: - 3
- T e e I - = L - e - -v-f*-\l)
- . mode = 3 median =2 A.M. s Rt
P P el e \4‘ ——— e e ‘1_1
R : ) Calculation of X and medlan N g A
o A — — -E = ors -
x f sefo rald2doA u=dh fus %
- . A=20 |Th=5
§ 5 ’ 4 4 To-15 3 e 1-3 -12
. 10 ¢ 15 g ~lo =2 ~30
' 15 25 44 -5 £} -1 -25
! 20 20 : 64 0 - 0 0
. 25 17 oE 81 5 1 17
30 26 107" 10 - 2 - 52
- 10 117 15 . 3 30
40 3 - 120 20 4 Yoog
o P “Ii— 120 “:; . “ e, we 1 ¥ Zfu=44
L i IO AT AR
@- EFTREN - T | o . 4 . W5y
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o fu _
NOW, ¥=A+ (—'N'— X -
, [;42_] 5= 20+ 1.833.= 21833 ¢
N+l 2042 . 7
5 - g - 60.5
o Medlan-smeofﬁﬁﬁth item = 20+20 =20. .,_ﬁ
H b
Mode = 3 median - 2% = 3(20) ~ 2(21.833) = 16.334.
Example 1.26. Find the mode for the followmg frequency distribution:
Class 0—5 510 10—15 1520 20—25
f 6 8 47 | 2 10
Class 2530 3035 | 3240 40—45 4550
f 8 7 5 1 3
Solution. We find the ‘modal class’ by using the ‘method of grouping’., -
Grouping Table y ¥
Class f T
_ 1 /i i i v VI
05 6 4 -
: 15.
5—10 9 13 19 7
10—15 4 A . “ 15
15—20 2 19 16
2025 |. 10 _ _ 20 |- N
i, . - -t ,,...,18 -‘1\ i = T - :"'._T‘ — = ) F =
25—30 z_r:fﬂ’:‘a.l .’ : 1| Jw U@ :,"'_:"‘ ¢ l‘:‘-:f" - : 1;& ' { 25 1 4 nh % '—’(:;
30—35 7 ; . 20
12 _ e | w2
| = 35_ ‘110: r:_-._-*-'5:-=:-» e e i g a 8. w fisbnaisicalitn i b =
éHg | 1 N R e VR ek “‘? vy © g
45—594 r M‘ia t ]| ST I SO I P S T | n 3 Y
* EN i‘ " e 1_! . _T'?‘ L. _ g b * * ‘[:, i 3";"
Ll I i W ) * 3 J%rgﬂ;!y'ﬂlls Tgb!ga.”‘ LN ) b _
Column | 20—25 |7 2530 «| “Go=3s™ | Y1siae |* 35 do
!é " _'Iﬂls N N j [ 11 ’l' ;J' 'ji; . :: — i ; | - ] , R
111 1 i
v 1 L S I S L
.V, T , 1! 1 =
| RS | 1 . 1
Total 4 5 . 3 1 1

Since the total is maximum for the class 2530, the modal class is 25—30.
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'When the values of the varlable are glven in t.he form of classes and the classes are not +

A]. 4 L
Now mode = [51 " Agl‘h
Here ¢ L- 25,8, 510 78 é,az =8-7=1h=5. -

Mode = 25+ | —2— | 5= 25+ 3:333 £ 25333,
' 2+1

) " Example 1.27, If the ' mode and mean of a moderately asymmetrical series are
I6mand 156 m respectwely, what would be its most probable. median?

Solution. We have?  moéde'= 16 m andimean = 15.6 m.

The formulae isyr  , mode = 3 median™-2AM:. <« * . .« ..

16 = 3 median - 2(15.6)

= . Smediah T16%312=472 | -
am - & : - !
' . 472 } .
median = i— =15.73 m. - -
\ £ 3

Example 1.28. What are the relatwnsths between mathemaucal avemges?
. Solution. The’ followmg are the relations betwéen mathematlca] averages

OAM >2GM.2HM i ;S M
In particular, if all the items are identical, then ~ ~
AM =GM.=HM. '
MDAM,GM and HM. ﬂfemgeometncprogressmnze, @ 1
GM): = (AM)HM) }
F {I1I) Mode = 3 Median — 2 A M. (Approximately). '
‘ . 2

1. 24. MODE'IN CASE OF CLASSES OF UNEQUAL -
 “WIDTHS = , o

of equal width, then we would not be able to proceed d directly t,o find the modal class
either by the method of ; inspection- or, b by the method of grouping. In fact, we.are to
compare the frequenc1es of different classes in order to.observe the concentration of
itéms about some item, If the classes: ‘happen to be ‘of unequal width, then we would ?‘

_not be- able to compare the frequencxes in- different classes. To make the comparison

meaningful, we will first make classes of equal w:dth by grouping two or more classes ;
or by breaking classes, as per the need.

*
H

Example 1.28. Calculate median and mode for the following data:

1 . E 4

Class l 2 3 4 i =7 7—10 | 10—15 | 1520 | 20--25 '

Frequency ' I— | 2 2 .3 5 0 | &8 [T 4. i
¢ £« ® ~t * ) ] s ) Tal Ty »

o
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Solution. We make classes as 0==5, 5—10, 10—15, 15—20 and 20—25. Role of Statistics and
. ' P T u Measures of Central
Class * Frequency cf. Tendency
f ¥ & -
0—5 1+2+2= 5 1" & B NOTES:;
5—10 x 3+46= 8w fey 18 )
- 10—15 v 10 23
16—20 - S 8 a1 1 .
2025 4 3B=N _
W N = 35 413 & -
Calculation of Median
N_35_
22" 17.5
Median = size of 17.5th item
Median class is 10—15.
- Median=L+ (m""] h=10+ (E‘%'—li] 5=10+2.25 = 12.25.
Calculation of Mode , cme o=
By inspection, modal class is 10—15. o T
. ¥ L o s
Now Mode=L + B
4 & A2 ooy N";t‘.‘_ﬁ‘ﬁ “ P
- A L - - i 1 B = -y
Here, . ., L=10,A,=10-8=2,4,=10-8=2 h=5 *'
¢ * 4 H A - SR P §
- T 'Mode=10'+ 2 5="10'“+25=i25' oo
T 242} YT . ¥ .
& N » - ~ - ¥ - ) { 11 g
Merits of Mode _ & e t i
" 1.1t s easy to compute. ' -
2. It iz'not affected by the extreme items.  * - B
; 3. It can be located graphically. ' " s . P
l Rty
Demerits of Mode .- - - = -
AL TN I i ¥ ]
1. It is not simple to understand. - — e .
2. Iii is not: well deﬁ.netl There are number of formulae t.o calculate mode, not !
necessarily glvmg the same answer. 3> v P
3. It is not capable of further algebraic treatment. - s
' ~ 3 4 v ¥t e i
e o — - - -*
1 g = A * b H
t o - ] rey ‘z : ¥ -
Fi
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¥

_.ﬁ ya - § s pA— t‘ L2
- *'| EXERCISE 1. 5
-1, Find the mode for the following series: -
3 75 6 2 5 + 5 9 s
2. Caleulate the mode for the ‘followi.ng frequency distribution: -
x 4 | 5 6 7 8 8 |.10 |'n 12 |13
f-l 2] 5] 8] 9| 121 1] [u [

3. The number of fully foz;med apples'on 100 plants were counted with the fo]]ov&in; results:

- -2 plants - had - 0 apples
5 N " B }_ e L el
7 ”» " 2 #
11 " " i - 'a"‘ 3 ™ g n
18 * 3] 4 "
24 1} 1] 5 #&u q,“‘ 1"
12 "” L1 6, 5’ EE ) "
8 ” ” ? ”-
i 8 L K n w?t Iﬁ 8 1]
™, e S - - — .
’ ’ ‘\4 LIRS # 9 ' - n
3 " ] 10 "
(i) How many apples are there? "k "
{#) What is the average number of apples per plant? = & we v
(tif) What is the modal number of apples"
4. Find the mode for the following frequency distribution: e
Marks oo , | 0—8( 6—10 | 10-15.15—-20 | 20—25 | 26—30 | 3035
No. of students | 11 20 31 45 30 12 6
™ - s L . - ) L VR
5. Calculate the modal value for the fol]owiﬁgjfrequency distribution:
Marks No. of Murks No.of >
_ candidates -candidates |
0—9 6 5059+, |-¢ 2637 1
1018 29 - N PGP.TGQ N 1-334':5
20—29 87 70-—_19 . 43
. P oy
30—39 181 go-gg 3 Fftww 9
40—49 247 90—59 - 2
6. Obtain the mean, median and mode for the fo].l‘c‘bwihg series: o
e Marks (| 10-25.| 25-40,, 4055 | 5570 |q, 7085, 85—100
Frequency 6 20 4 |0 «26" |+ 3 v 1%
< n; - Tiok ‘1;{ TR Rt 4
7. Find the mean, median and mode for the. fo]lowmg dlstnbutlon
Wages (in ) 5—15 | 15~25 | 26—35 | 36—45 | 45-55 | 55—65
No. of employees 4 6 10 5 3 2
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8 :Ce!cu_late mode.for.__!:_laafpﬂowiﬂg distribution: ew 4 e »
] a N ™ TS
Class 0— | 4—6_ |68 | 812 | 1218 | 1820
Frequency 4 « 8 8 J 12 7 2

e

‘9. Calculate the median and mode for the following- distribution:” * :

10—20 g 47 * 10280 124
10—30 - 16 o 10—70 137
1 e C : a4l : -
10—40 56 1080 1] . 146
10—50 (_97 - 10—90 _ L 150
» : 'Y = ~ —r———— .
10. Calculate medmn and mode: from the following. table ?’0 s Argd *
" . — K P oo i i . T. - -.\.\JT. . [ -
) Iuoome 100—200‘,1 100—300 1__0%40_0 | 100—500,- 100600
No. of persons’ 15 - a8 . 68 53 100
ni? ya : ’
fAnswers
wle Boas 2:10 W w38, () 486 (i) 4.86 v (iii) B
4 17414 “IRewp 47.5488 2 %R §:47.95 marks; 48,18 marks,'48.57 marks
7. T31,30,229.44 8.7 2 ¢ 9. 4463, 4067
-3 !; r fi;" Fi
10. 356.67, 354.55 -
iy
- ..- L v 45T o I . - —
1.25!' SUMMARY ‘,;’ 3 M
N T ’ ot LI ) PR 7 I

n ® The part of the subject stat:lstxcs which deals w1th 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, ca]led populatmn, important conclusions can be drawn from the
analysis of the sample 3w ~ PR £ s
» This is the most popular and widely used measure of central: tendency. The
pOpularlty 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

genera].ly denoted by x. . " " ¢ an

o If X, and X, are the AM. of two groups having n, and n, items; then the

AM. @).of t_he.comhmed.group.ls Biven by, e _coce o wmten vmes
2 U Y B

— T
i nlxl + n’!, ek
- T o @ — ~————c EY—3
[ Sty . it . nl + nﬁ . R "

 If all the values of the variable are not of equal importance, or in other wg'rds,
™ 43

¢ these are of varying szgmﬁcance then we calculate ‘weighted AM.

.
Welghted A.M =X, = Ex .
where wy, w,, ...... , W, are the weights of the values x,, x,, ..., x, of the vanable
-+ under cons:deratlon e “ :

ah
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¢ The geometric mean of a statistical data is deﬁned as the nth toot of the
product of all the n values of the varialile.

For an individual series, the G.M..is given by
GM = (xl Xy oo n)lfn o

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 [2".211_?:&]

)

where w,, w,, ......, w, are the we'ights ofthevalues x,, 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 r, items, then the
* H.M. of the combined group is given by ~ *
1y ¢ Mj+Dg
- - H__ nl + nz . - Fe
“Hl 3*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.

3w _ N

Weighted HM. = —(—w]- ¥ g

-

x

e

‘wherew,,’i,, ..., W, are thé We welghts of the values ¥ xl, xg, x of the vanable

under conmderatmn S

“The mediah of & statistical series is défined as the size of the middle moet item
¢ (or the.AM.'of two middle' most items), provided the items are in order of
" ‘magnitude. » +

* o. The mode of a statistical series is defined as'that valugof the varxable 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 dofni.nat,mg

and at the same time, the frequencies of its nelghbourmg items*are also

s  dominating. R ’
e: In‘case of a multi-modal dlsmbutlon we find the value-of mode by using the
Y, relat.lon Y CE & ¥

Mode = 3 Median-2AM, *

This mode is called empirical mode in the sense that this relation cannot be
gt € estabhshed algebraically. . . i F ¥

1.26. REVIEW EXERCISES .

What are the properties of medmn" | “ -

1.

2. What are the reqmsn.ss of a good average‘?

8. What do you mean by ‘Central Tendency'? What are the desirable propertms for an
average to possess? ki

4. Give different measures of central tendency with then‘ formulae, Also state the situations
where these measures are used. ¥ B »

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

-
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_— rMEASURES OF DISPERSION -,

Ll SR, R7 Sl cH TS - A

. 2.1.-=4:Intr6(.iuct.i0n- ¥ s
"+ 2.2-"Requisites of a Good Measure of Dispersion
2.3. Methods of Measuring Dispersion
Y2

i

2.4, Definition 7
IL. Quartile Deviation (Q.D.) b o
2.5. Inadequacy of Range

. ;" ]i 'E_r [ R s
2.6. Definition

T o $ el SR FUNTINCEE

III. Mean Deviation M.D.) ; »«

"*‘.!’J i

27. Definition
..2.8... Coefficient of M.D.. :
2.9. Short-cut:Method for-M.D h"ﬂ[ﬁﬂ ”HH,\ =5

“X-v-—"*_:l: B L= T PR S _-a_""—\:m‘:#-:—"..,‘:.—._ﬂt"“"‘:_{m

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. o
2.13. Relation Between Measures of Dispersion
214, Summary

2.15. Review Exercises

LI

t 2 ar ¥

b TR

arfs e ma

S &

i °T
i 4 .
Lo wd*
rag ok B
w0,

§ ¢ s _
B

i A— - gl Iyl ettt e

AT B

— i Mlaan T

\vx.-d

2.1, INTRODUCTION

"Fiw Ny

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. senes "

¥

_ I 10 10 | . .-1@ 108 | w10
ot 0} lla ;‘ ‘10 ¥ ‘k_f g "11 . _l 12 ’ y 8”
* ” 'II):I_ . - 1 ; ‘25 i o é ;I ) ;-;ll ‘ﬂ

Measures of Dispersion

‘NOTES
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In all the three series, there are five items in ‘each and AM. of each series is
50/6 = 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 deviations are very small in magnitude. In the thn'd
senes 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 dJﬁerence in their formation.

L L -a T Wt - e men W o -

2.2. REQUISITES OF A GOOD MEASURE OF. .- ..
DISPERSION Doe s ;

'
E;

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

nunder P 3 g 3

[; 1. It should be simple to understancl ¥ i
2. It should be easy to compute. . Yae 7 . 1
: 3. It should be well-defined. PR
b 4. It should be based an all'the items’
. 6.1t should not be unduly affected by the extreme items.” - .
6.1t should be capable of further algebraic treatment. '
i 7. It should have sampling stabilityis 18 <7 K ?
; . Foai

b

2.3, METHODS OF MEASURING DISPERSION . &

I. Range ‘E e prae TN . ¥
1. Quartile Deviation (Q.D.) . . .

III. Mean Deviation (M.D.) _ A o .
IV. Standard Deviation (S:D) A - .
V. Lorenz Curve. wa t oo : {
AR S
=a - -—— o W = I. RANG”E " - T _r.':' Ea JH
2.4.. DEFINITION " e S
The range ;Jf a statistical data is defined as the difference between the largest and the

rsmallest values of the variable. , { N L S I

Range=L-S; Yy T

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"and S as the lower limit of the
smallest value class. — .

t
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Exampie 2.1. Find the range of the following distribution: SO 8

i PRI
Age (in years) 1618 | 18—20 | 20—22"| 2224 | 2426 | 12628
No.of students | 70 |™ v4 ) . 8: T2 2
Solution. Here ;. 528, 8z 18 ¢ v

. Range =1 -8 =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 farﬁas the
calculation of range is concerned.

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

particular week. ol
Day Monday | Tuesday -|» Wednesday | Thursday -| Friday | Saturday
M.V. of shares of 12 Y| 1 10 13 BT 20
compeny A {in T) i | . . Cs .
M.V. of shares of “80 50~ - 585 62- - 70 15
company B (m . 1 i * B )

i

From the data, we see that Range' A)=20-10= 710 and Range B)=75-50 |

=¥ 25. From these results, oné 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, varlabl.l.lt}r is more in the first series. Thus, we sée 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 meastire, called

‘coefficient of range’. This is defined as i ’“ -
. L-8
= = A
Coeff, of Range L+S"
N Coeff. of Range for A= 20 10=£—0h3333 "
o e o Ranger AT 20710 30 “

75-50 _ 25 0";000
= 75+60 125 :

Coeff. of Range (A) > Coeff. of Range (B)

'~ “Variability is more in'the'M:V-of shares of company Az - == &
Tl D e ]

Coeff. of Range for:B =

—— o e % B

Mer_its".’of Range -
1. Tt 1s simple to und.. “tand.
2. It'is easy to compute. .
3. It is well-defined. «

4. It helps in giving an idea about the vanatmn just by giving the lowest value_
and the greatest value of variable. 9, 4

-

l.-i - e

NOTES
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Demerits of Range *

1. It is not based (;n all the items. . o
2. It is highly affected by the extreme items. In fact, if ext.reme items are present g

) then range would be calculated by taking only extreme items.

3. It does not take into account the frequencies of items infthe: mlddle of the

-

82 Selfnstructional Material

gertes. £ X
4.1t is not capable of further algebraic treatment. g i
15 It does not-have sampling at.ablhtY i e T
" > L3 . 1 ' Py i,"‘
v L I n N P s T AT L 5 »%
EXERCISE 2.1 -
[ ¥ -
1. Calculate:the range for the following series: - Roa y
17, 10,+ 12, 8, 12, 16, 18 " o k
2. Find the value of range for the following frequency distribution: i S
Age (in years) 14 15 16 | 17 18 | 19 20 |
'No. of students 1 2 2 2 6 4 0
7 1 ¥ R oD ¥ L
3., Compare the following series for variability: , - )
"I pays + | M |TT f W T Fo*| ™ 8
MV. of sharesof | 48 47 " 46 49 |7 43 45
AR - . . A )
_company X (in ). . L L
M.V, of sharesof | 5 10 9 12 lz | L4 | 12
company Y (in 3} L
Answers pu s
1. 11 2. 5 years
Coeff. of Range (X) =0.0652 Variability is more in the second series.
Coeff. of Range (Y) = 0.2174 - :
II. QUARTILE DEVIATION (Q:D)#/| :
2.5. INADEQUACY OF RANGE
15
Consider the series . =
I. 4 4 4 5 5 6 4 B 5 1000
m: 4 4 4,- 5 5 6 4 5 B
. _ 1000-4 _ 996
*  For series I,-Coeff, of Range =0992 . —
or senes T 1000+4 1004 i
. 4
For series II, Coeff. of Range = g ) 120 0.200. g

",




v,~r 'Oncomparing 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 [, just by i 1gnormg the extreme item 1000. Thus, we see that
extreme items can distort the value of range and even the coefﬁclent of range. If we

have a glance at the definitions of these measures, we would Tind that only extreme |

items are required in their ca]culatmn 1f at all extreme 1tems are present. Even if
extremie items are present in & seriés; the’ mlddle 2'50% values of the variable would be
expected to vary quite smoothly, keeping. this iri'view, we défine another measure of
dispersion, called ‘Quartile Deviation’.

ed - L m—— — -

2.6. DEFINITION LANE-L
The quartile deviation of a statistical data is defined as .
: Qs ;Ql and is denoted as Q.D. - _

This is'also called semi-inter quartile range. We have a]ready studied the method
of calculating quartiles. The value of Q.D. is obtainied by subtracting Q; from’ Q3 and
then dividing itby 2. - - - - — s

.For comparing two or more series for vanablhty, the;absolute measure Q.D.
would not work. For this purpose, the corresponding relatwe measure, called coeff. of

Q.D._ is calculated. This is defined as:
& ’\; P r:‘.- T -

B-9
Coeff. of Q.D. =
- Qs 1 Ql # ¥ .

Example 2.2. Find Q D. gnd its coefficient for the following series:

t@n?d: 4 7,* ™§, 5 9 012 19. -
Solutlon. The valuesiof the variable a.rranged in ascending order are

c@9:7 4 '5° 6 T 6. 12
Heren=1. = .

. n+l 7+1 .. I : _
Q,: T -9. _.4___“‘# 2, y Q, = size ofé2nd item =35
Q,: -3 (nll] =3 [711,)‘6 a_.QS; = gize of 6th item = T 12

Q-Q _12-5 < ‘
'&ixQ_D.,’= 2 82 Ql S5 2 =3 3'5‘ &
Q-Qy_12-5 _ 717 v .
Coeff. of Q.D. = =
ff. of Q. Q. +Q, 1245 =17 04118 ;

B Example 2:3. For the following data, calculate; - .
(i) the coefficient of range :
(it) interquartile range, and

. (i) percentilerange  _ . | .

Marks 5—9 10—14 15—19 20—24
No. of students L 3 . . 8 . 5
Marks 2529 30—234 35—39 i

No. of students 4 : -2 2%

Measures of. Dispersion

NOTES
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Business Statistics Solution. The first and the last classes i in the excluswe form are 4:5—9.5 and

34.5—-39. 5 respect:wely B “
L-8 39.5 45 35
.  Coeff of range = ‘— = 0.7955. il
. 1 -
NOTES * L+8 39.5+4.5 44 .
, Calculatlon of Qv Qe’ ’ . ;
Marks I Ne of students “ cf. 1 ‘.
f e * '
— 4595 . 1 N 1 .
9.5—14.5 3 ¥ .
= o = gEmpgpe - | 8 = - 12
19.5—-24.5 5 217 . '
245295 4 ) 21
29.5—34.5 2 ~ 23
34.5—39.5 s 2+ _ 25 = N _
T N-= 25 e
I3
) R i ¥ .
Q,:. l:-= 34-5- = 6.26. s Q, = size of 6.25th item
3
Q, class is 14.5—19.5 _ ¢
Q=L+ (N"‘*“’]h =145+ [625 ‘4] 5
" Kt o -
\ =14.5 + 1.4063 = 15.9063 marks i
Q,: _3(%]=3[%) = 18.75 v Q= size of 18.75th item
Q, class is 24.6—29.5
Q =L+. 3(NM)-c h=245+ [18.75—17]5
3 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 .
’ P 10 | =102 ) =25 .. P, = size of 2.5th item
o 100 100/~ T ST REe A0
\Pm class is 9.5—14.5. ) *}
) 10 (N/100 ' :
P,=L+ [—-(—fl—c]h 9.5+ (2“53 1]5 9.5+ 2:5 = 12'marks.
N 25 e .
Py: _90(100] 90( 100] 22.5 _ o Py, = size of 22.5th 1t,f_m
P,, class is 29.5—34.5. :
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b el [QO(NI}OO)—c]h

*
=29.5% [2_2%]5 =29.5 + 3.75 = 33,25 marks

Percentile range = Py, — P, = 33.25 - 12 = 21.26 marks.

Merits of Q.D.

1. It is simple to understand.

2. It is easy to calculate.

3. It is well-defined. "
4, It helps in studying the middle 50% items m the series.
5. It is not affected by the extreme items.

6. It is useful in the case of open end clasies,

‘Demerits of Q.D. ) -

E

~ = 2.1t is not capable of further algebraic treatment.
3. It does not have sampling stability. . v 1

i O

3.

‘e

4.

& e T DwT e

1. It is not based on all the items. .

Lo
i

3

LN -
-

PR |

EXERCISEZ2 |

.. Find the Q.D. and its coefficient for the given’datd regarding the age of 7 students.

17, 19, 22, 26,~ 19, 28, 17.

Age (in years):

'Compare the following two senes of figures in;respect of their dispersion by quartile

¥

had b
— -

measures,;
Height 58| 56, 62 |, 61 | 63 | g4, 65| 59| 62 | 65 | 55

(in inches) -

memm | e

- Weight 117 | 112|127 | 128 | 125 130 | 106| 119| 121 | 132 | 108
(in pounds) - ' )

Fow | . -

Calculate the ooefﬁciaﬁt"df QDw of the marks of 39 students in statistics given below:

Marks 0—5 5—10 | 10--15 | 15—20.| 20—25 :| 25—30
Y N6: of siudents | 4 {6 gy [Fo12 7 | 2
Calculate the valu-a; o;'é I.'; and 1tsr oo:%clent fbr the followmg d.;ta ’
Size* ¥ »‘4—8 812 & | 1216 16—20 .| 2024
Frequency '8 w0 ¥ 18 St 30 “16
. Size 24-28 2882 |;.32—36 |~ -36—40 e
Frequency 12 ¢ 10 "8 2 ~

Measures of Dispersion

NOTES
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™oL . .-
Business Statistics” 8. Find Quartile deviation for tl:ei following dsta:.
vy ey - ¥
Mid-point | 2 | 3 4 5. | 6| 7 8 9 | 10| 11
- _r Frequency|{ 2 | .3 | -5*| 6 vi2 w6 | 7| 5| ¢
NOTES ——=5 '
“w@ T .. Answers Wi e
1. Q.D.=4.5 years, Coeff. of Q.D. = 0.2093 '
2. Coeff. of Q.D. (Height) = 0.0492, IS R
Coeff. of Q.D. (Weight) = 0.0628 o o
Variability is more in the I series. ‘7 B = i
3. 0.3356 ' .
4. Q.D.=5.2083, Coeff. of Q.D. = 0.2643 vooh oy
5. Q.D.=1406. " A !
' : - Va5 $1 Ba 5
¥ e - T TR }{I.";--a"v";-‘. .._‘.1':'-‘;3'_ ."‘: s h}r
’ I1l. MEAN DEVIATION (M.D}) | ™
A0 3o, 7
& - s
: - ¥, ' B JY |
2.7. DEFINITION- . . ¢
L T oarkdi T . T

given,

i

[ .)é.a 15 Y4 . ~9% [
36 " Self-Instructional Material

Mean deviation is also called average deviation. The meds 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 calculating mean
deviation..Let ‘@’ stand for the average'used for calculatmg M.D.

s N
- . For an individual series, the M. D. 18 gwen by N gt g
1 i -t - E N
- 2 N N i N % » 3
mia T T Tir rq’)_[l\ 1}‘ o1 2 {xl?ﬁ Aal i ‘E"F‘x“ gl Y I 2 . I X
M D S = - A
A e —— - --n-- — e ;n-- et e o e am v —
- . .
* ' where ;‘1, xz,&..‘ hX, are the values of t}ile variable Iunder con31derat10n A
: en A - T
- For a- &equency distribution, - ——y- —— e —
;I FH i Rr pv % i;. }d;*l _.,.'f * :E—i— l {"‘:?
i * . * o - 3 "f
i~ b Zkfi.i_lﬁi —al-u.iifﬂ_.‘wl Bag Ml
Wy b g et MD e er ALIXT8) P N 3
! . et B, ke = ‘4‘- w"' - Al - N-d— —h ey - N-'» .-.H-Q-.'-'
" i| where f; i is the frequency of x;: (1 £ ; s£n) i E:— ) sl
When the values of the varlable are; ngen in the form, of classes then their
i B =3

“fespéctive mid- pomts are takenas the values of the variable.

numencal values of deviations of items from medlan is always least. So, if median is
ised i tlig"calculation of M.D.,
calculated by using A M. because of its.simplicity and.popularity..In probleins, it is
| agenerallv given as to which’” average is to betised in the calculation of M.D: If it is not

Median is used in calculatmg M. D because of its pll'operty that the sum of

‘its value would come out to be leastM.D. is also

then either of the two can be made use of, " I .
= -— - = ‘s-lu-ul: " e —a

=




2. 8. COEFFICIENT OF: M D. e

lh}

Measures of Dispersion

For comparmg two or more series for vanablhty, the corresponding relative measure,

. Coefficlent of M.D., is used. This is defined as:

)

Coeft‘. of M.D. =

L3

M.D.

Average’
If M.D. is calculated about A.M., then M.D. is written as , M.D. (%). Similarly,

13

-

1

M D. (Medmn) would mean that median has been used in calculatmg M.D.

L]

+~:, We can write % v
Coeff. ofM.D.(i);l‘Q_@—%f 5
_ ¥
\ . .. M.D.(Median)
Coeff. of M.D: =
oeﬁ'ol M (Medlag_;) ~ Median
¥ T . .® i & LR 5

NOTES

ES

WORKING RULES TO FIND M.D.() _
_ : .

Rule I, Incaseofan individual.series, firstfind 'bj using the formida x = %

In the second step, ﬁnd the talues of x~%. In the next sl,ep, ﬁnd the

A numerical values ]x :ci of - F‘md the sum Zjx - xl of .these
numerical volues -} x — % |. Divide this sum by n to get the value of
MD.(z). ! * LI

. .In case of a frequency distribution, first find X by using the formulo

t x= E-;:rx-?‘ln the seconid step; find the values of x —X . In the next step,

* . find the numerical values |x ~ X | of x—~%. Find the products of the
values of jx-%| and their corresponding frequencies. 'Find the:sum

l_ oo Zflx- xloftheseproducts owdet}ussumbyNtogeH}wvalueof
' \MD.(3).

Rule 111, If the values of the.variable are given in the form of classes, then their
" respeclive mid- pomts are taken as zhe mlues of the variable.

N
- X L

Rule IV. To find the coefficient ofMD (') dw'uteMD @ by %

el

Remarks: Similar WOrkLng rules are followed to ﬁ.nd the values of M.D. (Median) and’
coefficient of M.D. (Median). & i

h -

Example 2.4. Fmd the M D. from AM. for the following data:

" 3 s 7 [ e we|r W L 13
i 10 | 9 5 2
. o U 1 3

Self-Instructional Material
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Business Statistics
A
NOTES

oy . e s e e TR, o AR i R .
Solution. Calculationiof MiD (X}, %y, T8, 7™ICHhn 3
L F o L LEE |z-7 | flxe==l
3 6 : i ¥ P 4_-85_ P 4.8.,.‘". :-;:" ;.9.6”
5 7 35 -28 2.8 19.6
7 10 70 =08 08, - 8.0
‘9 9 81 w2 12 10.8
e = 5 55% 32 , ; a.2 ¢ 16.0
b : R w ! N .
13 - 2 Sopabalr, os 8 26 e .. 292 R R L
N=35 Ifx =273 |Zf1E-% =744
D> 311 A NP S
N 35
cLEFf|x=x| T44
Now M.D.(HZ fIN, =l _ Y =2.1257x "
. Example 2.5. Find the coeff of M.D.(Median) for the following frequency
distribution: CYGTEGrSY Y 24 o® ¥
Marks 0—10 10—20 2030 30—40 40—50
No. of students *|'»"% 5 e T s YTt gt T
TeFe sk L he &, :
Solutmn. ™ Ca.lculat.mn of M D (Medlan) "
‘Marks. ‘Nq. of sy a 31 M;d-pomts Jc—.i'm_z“r.'r,cm1 X = med. | flx—med. |
sludents ef. of classes | (med.= 28) v ; *

“-\ ur | W «)‘- 4 £y niis .'?x"’- nr{_l TR e [ _ W
o5l | S .8, 5 | -8 .23, 115
io—20] '8 SRt T T S e T
291—{30 W] 315, 28 | .25 dee 8, W lgeon 30 By 45
3%40_:!. k ].'.6 | N BT ni'.44*,, i Ls ‘35;1 Byagy 7 T, i Y -,Tt_‘ = 112
0% |4 & [R=N fuds, | )T ) e

N=50 (B |l x—med |

s ‘, Sl A s e xew fvwsy sy By i B FATSS

T o e

Medlan = gize of 50!2th 1t€m 2 size of 25th item.

Qi( SR LTSRN ) - 01‘ H }‘2‘
Med.ian class is.20—30 \:.h ? - li
r = ey s ¥ o T g
Median = L+( “¢lh=20+ 251513) 10=28
ot SRR ST G v 8 LRE o s, 7
- ~ v Tf|x - med 478 ~
Now' M.D. (Median) = flz- median| 478 _, . marks N
e N - 50 -
. H L &
-~ - _ M:D.(Median) _ 956 - '
Qoeﬁ'. of M.D.(Median) = Median %8 - =0.3414. .
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2.9. SHORT-CUT METHOD FOR M.D.

. — . —
We know that the calculation.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 fo'bé in decimal like 18.8747, 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
short-cut method is preferred. © ~ ~ - = 5

M.D. = (Efx)Au-(Efx)nN((Zf)A-(Eﬂn)a e n

where ‘@’ is the average about which M.D. is to be calculated. In this formula, suffixes
Aand B der_lote the sums corresponding to the valuesof x 2 a and x < a respectively.

This formu'a 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

. VD, o X = (25 (), ~()g)a *'
n

where (n), and (n)B 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 needmg Cfr), and Efe)g in the calculation

o —

6

6

- of M.D, (f) 1
Example 2.8. Calculate M.D.(Median) for the following data :
T x: 4 6, 10, 12 18, -

Solution. Calculation of M.p. (Medipn)
5. No. x N * x— median | x- median |

1 Yy - i 2 7,

2 61 @y ~ =5 5

3 . 10] .=20 v =1 1

............. PR e S ill

5 1811504 () Yo 7

6" 19) =49 |, <8 8
n=6 g LN L o ; “ ¥ 2| x- median | =29

Median = size of T th item = size of 3.5th 1ter1.n"r 210412
Direct Method b Coas
A 7
M.D. (Median) = 51~ medien| _ ? =4.8333.
Short-cut Method L O S
M.D. (Median) = Z24— Z _'((’:3“ = (wp) median
—20-(3%3) 1] Ygg * it
_49-20-@7®).11 20 Moo

Measures af Dispersion

NOTES
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Business Statistics *

" “Example 2.7, Calculate M D (") cmd u,s coefﬁcwnt for the followmg*dam “"““'

Ty Y ODWGIRTT b I
e me:t innid mNo. of | T PRefiy R - | Na.of
) - Gy e #* Zrmst t 9| B Ydnntt ol | 4Y firms
TE o S i
NOTES aOOG--é‘OOO ST To—100 T | S, 4
s N T i £l i ' -
R 4000—5000 . 15 |« ~1000100 6,
% 3000—4000, v 30 1 = 2000101000 8 .
; 20003000 ¥ | ¥ 2 104 =" 3000 to — 2000 T 10 s
L. ‘s ) :
10002000 | 1« gt | a3
; ' Solution. g¢, Calculation of M.D.(®) - .
; e L Prgfi-t;...“ it NO Of s owd 7 I w A" R ] fx y -
e @R e wofirms® e oo o | g %
; "2 3000 5 ~ 2000° 110 ]- e 1 k-2500 -~ 25000 1y *
' ~2000t0—-1000 | * =¥'g M ra ~41500 - 12000 5
. - 1000 ta 0 6 \X@hp | 500 . | 23000 M3y
0—1000 4 =33 500 2000 |- 30800
% ¥ Jooo—g000 | * B O ¢ 1500 7500 | .
v . e ki AyY
‘ y k., 2000—3000 | 105 ) : 2500. 25000 |
£ 3000—4000 Wi «30 | EhH, / 3500 % 105000, | (Zfx),>
: 4000—5000 15 =65. 4500 67500 = 252500
5000—6000 10 J . 5500 o ¢ 55000, |
' * N=98 8 R ¥ 3fx=222000
Fo2000 - e
! u x\=1&-= = Rs. 2265 3061 - =
R ', N --08 .
i o )a - (fx)p - SN - Eplx 7 "
Now MD(-)—(}:&A mB -zf—')‘l gl %
i N*ﬂa "
‘ _ 252500 — (- 30500) — (65 - 33) 2265.3061
O ' o, ) 98" .
" _ 21051021 _y 150633 « ,
s 98 i
' MD (x)-_ 21480633-- *
i = MD.Go)w 220007 0,948,
o Colt oD = B ey O
Merits of MDuv st « . mrs,  ra  ais
1. It 1s simple to understand. sy 7 ol L
2. It is easy to compute r . .
B - -* -
; 3. It is well- defined. " T e :
!' 4. It is based on all the items. por M al"
| 5. It is not unduly.affected By the extremé items. 3%
| ' 6. It can be calculated by usmg any, average
-'f';f [ - .-t v -

2
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Demerits of M.D.

average value. - o -
T Lk e
y -
EXERCISE 2.3
= e e R mEa e 2 s
1. Calculate MD. (_) and its coefﬁclent for the fo]lowmg individual Series: | ,, 4
=- g1, ='g3, g5 ~*28, 30, 32, 38 <89, --46 > 48
v 0k 2. Compute M. D (") for tha fc]lowmg dat.a
= | Marks o 10 15 -20 »o25 30
No. of studeits” g M ra o~ 6 T 8 5
- ’ M Ea B I *
8. Find the mean deviation about median for.the following data:
x 6 |12~ 18 | s24 | 30 s | 42
f| 4 7 9 18, 15 10 5
4. Find the mean deviation about the :;:l_ez;n for t}ie_ foll_oﬁi;;é _t__‘reﬁﬁency distribution:' h
Class 0. | 48 |, 8-12 12—16 16--20
/ 4, 6 |.. 8+ = 5 2
5. Caleulate M.D. about A.M and also about median for the following data "
i
5 Incameper ieek Gn DY | 80730 | 3040 [» 4050 50601 60—70
No.of families | 120 | 20 150 [Tt 25
=g Caleulate coefficient-of: mean . deviation s,nd-,coefficient. of . median_deviation. for the
fol]owmg ¥ } If e "‘:H PR ’::f 2 !F¥ Jr&‘;e_& v ow f}’ﬁi}“
e e mesees e 3 :
) Marks 140150 . 150—160 C160—170
Ol (S B L IR 1 ki Ry we|eenT e e
No..ofszudenﬁ-? T P T S T R B I ST 1 N
Morks 170180~ I .. ‘180—190. =i, 190200
= e
v B No:ofstudentst| “Twtigr T ALb f f 9 r L o n 8

1. It is not capable of further algebraic treatment.

Y

<3

2. Tt does not take into acoount the ‘signs of the devxat,lons of items from’ “the

7. Find M.D. and coefficient of M.D."about median for.the following data:
Size 5 6 7 o 8 148 |le 10
- Frequency 8 | 123 |- 18 8 3 1
, . Answers e
e, 3 * w dE ¥RE L um Ay K
« L MD(_) 7.8, coeff: of M.D.(x) = 02364 2MD(§) 512marks
8. 75 J f 4-13.84 » A rf; LS

Measures of Dispersion

NOTES
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. Business Statistics.

NOTES

;w

-

g called coefficient of S.D. is calculated. This measure is deﬁned as: e &

5. M.D.(®) =¥9.22, M.D.(median) = 2 9.07. £ v, e e

6. Coeff. of M.D.(¥) = 0.062, Cosff. of M.D.(median) = 0.059.

7. M.D.(median) = Q._Q\u(}peff‘ of M.D.(median) = 0.1286.
D AT * e

| 2.10. DEFINITION . -+ ° o

It is the most important measure uf 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. ¢f the
series under consideration. The S.D. is often denidted by the greek letter 0”

For an individual series, the S. D.isgivenby ~ -
. . - 1 .

: - ﬁ —g - -
(xi E = X (x - a N <
n | 'n'- - i S
‘where x,, %), ..., %, are the value of the variable, under consideration. ..
1,‘ L
For a freguency dlstrlbutlon oo +

- - amm PP

Y N
where £, is the frequency of ¥, (1Si < n) wt L

~ When the values of the vanahle are given in the form gf classes then their
‘respective mid-points are taken’ as‘fh_e valuesof the :ranable n

& - — £ s -

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

:’..t

o ¥
.| For comparmg two or more series for variability, the correspondmg relatlve measure,

R —— Wi — A - 4
" Coeﬂiment of S'D s

A 5
g g ab

“The product of coefﬁclent of S.D. and 100 is called as the coefﬁc;ent of variation.

Coeﬁcien’t of \'rariation'- [S'D ]100. e SR
I 23 — — - - ) “
* " This.measure is derioted as C.V. : < -
- - - CV.= (S'xD'J 100. e M

i

In pracncal problems, we prefer. comparmg C.V. instead of comparing coefficient
of S.D. The coefficiént of variation is also represented as pércentage. The ¢ square of
S.D. is called the variance of the distribution. p
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o WORKING RULES TO FI! FIND S.D. s
Rule 1. In case of an individual” ser:es ﬁrst find ¥ by using the formula =

—. In the second step, find the values ofx—- % . In the next step, find the

n
v .. Squares.(xzZ) of the values of x~X. Find the sumZ (x ~ X )* of the

values of (x x)2. Divide this sum by n. Take the posmbe square root of

this to get the value o S.D. e squarero "
Rule IL.  In case of a frequency dwtrr,butwn first ﬁnd % by using the formula %
2}&

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

thesquares (x ~"F)* of the values of x - %. Find the, prodycts of the values

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

Rule 1. If the values of the variable are gwen in the form of classes, then their
respective mid-points’are taken ds the values of the variable.

-

_ i S:D: -
Rule 1V. (i) Coeff. o{' SD = AN, |
5 0% gpt o
() Coeff of variation CV)= A.M. x.100

@iit) Van.ance =(S.D. > '

N Ex,ﬁmpia 2.8. Calculate S.D. cm&C V. for the following data:

o

x 5 15 25 3 | 45 55
f 12 18 ‘27| 20 ar ) 6
Solution. = = Calculation of S:D:-and C.V. —smvamer e = venc
: LI ik . A N L g""l sy .
I e il HETERE Lo B N
B 12 |s. 60 |7 =23 529 | . 6348
15 L8 Lz, | -as y 169 | 3042
o B 27 675 s "3 2., LM,
35 20 700, , + 7 49 980
45 17 765 S 289 " 4013
55 6 3s0 " | ‘27 T oqag e 4374
N=100__| T&=2000 | a7 Lfix-
L H L
. = 19900
- ~ Tl
]
- 2800 :
_.f—ﬂ.—= —_— =_28_ ’
N 100
at .i!»!'

Measures of Dispersion
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_2.12. suon'r-cur METHOD FOR S.D.

__ [a—2r (15506 -
Now SD.= ”f" 2 y 1233_0 =199 2 14.1067.
dc‘-- . £ -

w7 W gv.= [sxD] 100 = [14';367] 100 = 50.3811%. _

Example 2.9. The miean 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-
aand b.

o

-

= o N
AM =4 =5 —=4 .
PV L h (% ns ¢ S v,
o Lr2+6+adb . g1pz20-9=11
.‘ | P 5 i 3 | .
T e o gap=)] Ame W 4 - Q)
{ A 3 ; 2 n "l- P %
Also Variance =__§_-"__‘i_)_ Lt et
T o w R a R S S A Y 1
543:-u£i.z:(x = 5)2 =-’E\(¥2 F 53 —2nx) =I:Zr'2 +n 52\\_ 2x h_i_'e :
' t
. .n" : M f ke oA
=3x?+nx? -2 %% =2x? -ni:?:"__.
L2 =2 te 2 .
Ix® — Tx? ' ¥
Variance = nE T _z?
n R >
= " 2, p2 2 2
 Za- 1 +_:2 &-‘!—65 +a® +b (4)2 =52= iﬁ;‘sjb__ls
= a2 +b2+41=R1.Dx56=106 = a?+b?=65 - (2

Solving (1) and (2), we get a = 4,b6=17.

- - e - E

-

We have seen in the above examples that the calculations of 8. D mvo}ves a Jot:of
computation work. Even if the value of A'M. is a whole number, the calculations are

'{ not so simple. In case, AM. 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 baseg on deviations (or step deviations) of items in the series.’

For an individual series x,, %,, ......, ¥,, we have
B ‘I n o 3 .- . L

i

Suw' [Ty : —

. 2 1

 SD.= L[t .h=]‘§“—-(z—“) -h
n n ) n n

—

x:.—A . .
where u, = h 1<isn,




-

For a frequency distribution, this formula takes the form Measures of Dispersion

v

¥ F "" 2 ¥
L v Zfiui = Efu’ d In:fu_s —-Efu}si i
| =1 |tp = , [zl
S.D.= V N | x| B JN (N] -h NOTES
A
x‘-"—A

where"f.isthe frequency ofx;(15i< n) and ;= 1<isn. P

h.
Aand h are const.ants to be chosen sultahly Thls method is also known as step
devmtwn method.

In practlcal problems it is advnsable to first take devmtmns ‘@ of the values of
the variable (x) from some smt.able number ‘A’. Then we'sée if there is any ‘common’
factor greater than one, m the values of the. devmtlons If there is a common factor

:
Cond 4 - *» .L,

h (> 1), then we calculate u= % = % in the next calumn In case, there is no common’

. a 3 ' hix3 2 0n
- - - o d —
factor greater one, then we take h= 1 and u becomes u= —=x-4, . < 5
LTl B I T B e S
~  In-this case, the formula reduces as given below:
3 ¥
. sd? (zd\? ¢
- . SD.=y—- [—J _ (Individual Series):
n nj- oy
. zfd? (=td* e \ ‘1.
5.D. = N [?] (Frequ’gncy Distribution)

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

WORKING RULhS'TO FINDS.D. -~
Rule 1. In case of an individuol series, choose o number A. Find deviations.d(=
x - A) of items from A. Find the squares ‘d®’ of the values of d. Find S.D.
s by using the formula

N
s |2d% _ [_EEI_] ,

;‘ n n A
If some common factor h (> 1} is available in the values of d then we
catculate W by dwndmg the values of d by h. Fmd the squares u®’ of the

2’ (zuY’
values of u. Ftnd SD by using the formula n (—;—-] xh.
- ,; ¥
Rule II. In case’ of o frequency dtstnbutwn 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 %fd and =fd?. Find
5.D. by using the formula:

N N

CZED
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If some common factor k(> 1) is available in the values of d, then we
calculate ‘u’ 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 Ifu and Tfu?.
FmdSD byusmgtheformula

™

- 1 k=

=

Rule HL. 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.

\

L : ' o . ¥ . N
»

~ Example 2.10. The scores of two batsmen A and B for 20 innings, are tabulaaed
below. Which of the two may be regarded as the more. consistent batsman‘?

-

5 £
‘Score 50 51 52 53-7% '5¢ '\ 55 | 56 57 »f
. No_ of Al L 0. 0 4 3 6., 3
innings B 1 2 - 2 € 3 4 0
P " Ly .
Solution. Calculatnon of C.V. for Batsman A
Score No. of innings d=x-4 . “
x f A=53 u =d _fu% R fu?
50 1 -3 -8 -3 9
51 0 -2 M} 0 0
¥ : ¥ 1 »
52 0 -1 -1 0 0
53 4 0 . 0 . 0. e 0 a4
54 3 1 .1 3 3
55 6 2 |, 2 & 12 24 -
56 3 3 3 - 9 27
57 . 3 ‘4 4 12 .48
+ -~ . o
N=20 . ZIfu=383 Ifut=111
_ ).’fu 33
X = P $+ —_—=
N 53' 20" 54.65
g 1
Tful - 2 111 (33]"*
= J=—"- —--—- =.—=1—]| =1.68
\[ N 20 |20, 15 N
8.D. 16815
A= — | 100 =3. %0,
e C.V. for 3 } [54.65] 3.0768%.  »

56  Self-Instructional Material
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1 & Calculation’of C.V. for Batsman B K ¢ Sad
i - — P e — — - - -
%Seore [\ Noiofinnings | u=d=x-A R LR
2 £ | MY (=Y ) fie™ 3 viu? ©
Ll kY
Sl R URR W | ot e e B B
' 51 * 2! Hogt -4 8
- % 1 5 E‘ 3 G4 H
w520 I L T R :
6 i ’
wr 54, ) 3 ; e 1 : 8 b 3
55 . 4 | w2 21 i 8 16 ,
56 27 4 . 3¢ | ' 6 18 -
) 517 — -i-' O — - [N S PR - = 0 U P | -
Tl nem e 2 e | zwem
- —
¥ oo i Efu ¥ 8 b = :C
— ) Loy .
x=A+— =53+ — =534
- - . N ey 2“ -
¢ #n c }’_ ¥ s i 3yA | b xE
[y f}ﬁ_‘i S I‘);[‘_Q—n Efu2 _. Efu‘ 2 ;ﬂ i_ 8 2 \_ 16248
YT N N).-Y20 20 Ty
A Sl FERC Y P .
.']t.---n
C.V. for B 2z (8.0, 100 = ( 56318} 100 3.0427%.
x .
P g 50 v fp s ERRCY
' CV for A'> C:V. forB T - . -
Batsman B is more consmtent : vy "‘ ’
- Example 2.11; For the fallowmg data, ﬁnd out wh;ch group is- more umform I:
T % - ” :
.  Agegroup § ' No.of persons o
(ymrs) a1 1 - -
£ . £ Group A & Group Bt
i fors o 5 e N
! : - ™ s
ot 110—20 153
, ¥ - i g 1 o i . 12 .
. n - 2030 = . e 20 22
72w s0g0ns” 25 s 30 '-.
W TTCl T T T, -
50—60 T4 & ’1;0 A i
vy 0 . ’ 5
6070 — IS . 4
TR e 1 1
a gt i o “ H
s it et L Mg avn
. LERY "
' l 4 * Yo f el ™
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L

C.V. for Group A > C.V. for Group B.
Group B is more uniform.

Self-Instruitional Material

¥ Calculation of C.V. for group A
* Age group No.of x d=x-Al w=dh.| fu fu?
{years) persons. A=35 =10
PR f - - - .
0—10 5 5 - 30 -3 -15 45
10—20 15 16 , -20 -2, - 30 60
20—30 20 25 -10 -1 -20 £ 9
30—40 25 35 0- 0 0 "0
40—50 18 45 10 1 18 18
50—60 10 55 20 2 20 40
60—70 7 66 30 3 21 83
- N=100 - S |-Efu=-86 Ifu? = 246
a E'fu 6 - -
x=;\ (—ﬁ—]h 35+(100] 10=34.4
. 246 (-6
o0.= - (] o (2] 10 soemo
s 1) : '
CV. for group A= z x 100
15.6729
o L
. 344, 100=45.5608%.
Calculatlon of C V for Group B
Age group Noof x 'd = ;_c_— ‘A u= dj{z fu fu?
(years)- person () | . A=385 h=10" 1
" Tp—10 7 =~ "* s Zao 1.8 Zoy V63,
10—20 12 15 | 20 ) %4, 48
20—30 22 25 -10 -1 22, | 22
30—40 30 35 + 0 0 o 0o
40—50 20 45 10° e R --go = 2 -
50-—80 5 55 20 2 10 20
60—70 4 85 30 3 12 ° 36 -
4, . 0~ H
T | N=100 Xfu = = 25| Sfu? =209
- fu -25
=A+ | =—1|h=36+ 10=32.56 .
* N ATy k!
b3 _ 4 i
- - Tfu? -(ﬂf _ 209 (_25)3 a e
SD. = N N |- h= 100 00 10= 14.2390
C.V. for group B = S x 100 = “‘2;590 ' 100 = 43.8123%
x .
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- 2.13. RELATION BETWEEN MEASURES OF DISPERSION 1.

Example 2.12. The A.M, of the runs scored by three batsmen A, B and C in the _ Measures of Dispersion

same series of 10 innings are 58, 48 and 12.respéctively. The S.D. of their runs are
respectively 15, 12 and 2 Who is the most consistent of the three? If one of these.is to be
selected, who will be selected?

*5 Solution. We have ! . NOTES.
. T (A)=58¢ o (A)=15 .
- - F@®=48 ~ T ao®=12 - -
x(C)y=12 =~ ocCy=2 »
P 15' T o © i
- C V. (A) = 1100 = 25. 86%
N s "%
- - 12) 4
GV, (B) ( ]100 2500%;
wth w“w-i - o - E- - T '*ki \
b CV.©= [12]100— 16.67%.

From this, we conclude that player. C is most consistent, whereas the average -
score-is highest for A. If the selection committee is.to select the player on the basis of

consistency of performance, then C would be selected. If on the other hand, scoring of

. highest runs'is the basis, then A would'be selected. : o S

i
-7, 4 '
k}

It has been observed that in-freqizency distribution, the following relations hold. ‘

‘- - -, -

1 Q'D. is approximately equal to -32- S.D._ . ” .
t v s 14 o g :
. 2. M.D. is approximately equal.to 3 S.D. B s % - '
3 "« ® “Aey “ M 1 A

Merits of S.D." L, . s ,
1. It is simple to understand. . o )
2. Tt is well:defined. ~ i oo IR
3. In the calcu]atmn of S.D., the signs of deviations of items are also taken into )

account s omom T ) et
4. Tt is based on all the 1tem8 . o u " .

L=}

. -5 It is capable of further algehraic treatment.
6. It has sampling stability,
7. It is very useful in the study of “Tests of Significance’. -«

1

Demerits of $.D.

... 1. It is not-eagy to calculate. Yoy " .
2, It is unduly affected by the extreme items, because the squares of deviations
‘'of extreme items would be either extremely low or extremely high.

Self-Instructional Material
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Duotess Satees . | EXERCISE24 | - ' 4
1. Calculate mean, standard deviation and its coefficient for the foi.lowing data: x;»
. o ¥,
NOTES 1 . WagesuploGn®) | 10 | 20 | 80 | 40 [ 50 { 60 ; 70 .| 80
No. of persons 12 | 30 | 65 | 107 | 157 | 202 | 220 | 230

2. Find the standard deviation for the following data: ¢ T

Wages ) 50—60 | 60—70 70—;80 8?—90 90—100 100—110

* No. of workers™| 8 “10 16 14 10. 5

8. Find which of the following batsman is fore Jc(:-n':sirs;_t.‘ani; in seoring:

Baismand | 5 | 7 | 18 | 27 3. 53| 56 | 61 | 80 | 101 | 105

+ i

Bataman B | 0 4 | 16| 21 | 41 } 43 | 57 |78 | 83 90 95

o A - oa . S I L

{a) The- mean‘of 5 cbeervations is 4.4.and, the variance is 8.24, If three .of the five
observatlons are 1; 2 and 6, find the other two.,

1) Mean of 48 items is 9 and their standard davmuon i8 1.6. Find the sum of the squares

of all items.
. f the 8.D. of & series is 7.5, find the most likely value of the mean deviation.
g 6.« From the prices of shares of x and y given below, state’ whlch share‘is'more stable in
. valie: L e weimme gese U _ L B
Yx 41 | 4die| 43 | 48: | 45° | 46 “|140.) 580 | 42 | 40 .
¥ 91 | 93 |. 96 | 923| 90 [ 97 [ 99 {94 | 98, 95

7 In Ia cricket season, batsman A getés an average score of 64 runs per i.nning(with aSD.of -
18 runs; while batsman B gets an average score of 43 runs with a 5.D. of 9 runs in about
an equal number of innings, Discuss the efficiency and consistency of both the batsmen.

8. The mean and 8.D. of 20 items is found to be 10 and 2 respectively. At the tlme ‘of
checking, it was found that one item 8 was incorrect..Calculate the correct mean and
58D, if ., g g " o

(i) the wrong item is omittad' (#7) it is replaced by 12'

9. For a, group .of 50 male workers, the mean and standard. dawatlon of their weekly
wages are T 63 and 79 respectively. For.a group of 40 female workers, these measures
are respectively ¥ 54 and ¥ 6. Find-the 5.D. for the combined group of 90 workers.

10. Following table gives height of boys and girls studying in a‘¢ollegs:

-5 h . | 1 TR ¢
Boys ) Girls ~
' Number . - 72 38 ™ A
Average height 68 inches 61 inches
Variance Yinches - £ 4inchés

Find the (i) 8.D. of the height of boys and girls taken togethar and (it) whose heights are

more variable, PR - 2 ry

t & T . LIPS SRV OF oy 4F

60  Self-Instructional Material -




Answers ' : Measures of Dispersion
1. ¥'=04052, 8.D.=2%1741, Coeff. of S.D. = 0.4296 2. T14.5079 o %

8. C.V.forA= 67.0738%} Ala consistent, __
~  C.V.for B=695120% : v e > NOTES
4. (@4,9 {501 (b) 4010.9 3“' : 5 MD. =86
6. SDforX 3.2496, 8.D. for Y = 2.8723 e
- CVforX 72536% CV. for Y = 3.0395% - S e
Stability is more in” series.Y. . _
-2, CV.for A=28.125%, CV, for B=209302% -m—r % oz « e -
If average is the critericn, then Ais efficient. - “ . i
|~ If consistency is the criterion, then Bis efficient. . _ __ . "w ¢ —
“ 8. () Correct ¥ = 10.1053, Correct S.D.=1.997 . : 5 = 1y -
() Correct ¥ = 10.2, Correct S.D. ='1,9899 S ¢
« 9. ¥ =¥59,8D =29 N W £ ._"
._jgfro. () 8.D. = 4.2839 inches S S = - &
i}\: *(i8) C.V. for boys = 4.4118%, C.V. for girls = 3.2887% s 13 7 ~ ME s :
7 Heights of boys are more varishble. ¥ F a
k ) )
2.14. SUMMARY oz .(
; The range of a stat.lstlcal data is defined as the dﬂi‘erence between the largest ’
““and the smallest values of the variable.
. Range =L - S
where L= largest value of the variable = *: ‘ﬁ‘::' — ; T
e = e S = smallest value of the variable. - * * S *’;_;:'hn
. +The, quartlle de\nanon of a statistical.data is defined as M‘— and is t
oA, w o . P . e

: denoted as Q.D.
R Mean dev1at10n is‘also called average deviation. The mean deviation of a
statistical data'is defined as the anthmetlc mean of the numerical values of the
“deviations of items from some average. Generally,-A'M. and median are used in
calculatmg mean deviation. Let ‘d stand for the average used for calculating M.D;
» It is the most important measure of dispersion. It finds indispensable place in’
‘%t - advanced statistical inethods. 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
~ o the greek-letter ‘o', » w yom P "
- For comparing two or more series for variability, the corresponding relative
measure, called coefficient of S.D. is calculated. ‘

Fo

- E R S 3 = s 3 e - - ok,
2.1 5. REVIEW EXERCISES B =
U e * fulg YT nooy G E i
}, ., Explmn the merite of quart].la deviation method of measuring dispersion over the range
-~ methed. - ;. P e . . ?
a . " i

i What is meant by dispersion ? What are the requirements of a good megsure of dispersion?
' In the hght of those, comment on some of the well.known measures of dispersion.

Sey'-fr':sr'mctiml Material 61

¥




\
Business Statistics « >

P tyv - - =
. v "
NOTES _ . . wIOR )
* -3 SKEWNESS, _ °

3.1. Introduction

3.2. Meaning o g s
3.3. Tests of-Skewness . T &
3.4; Methods of Measuring Skewness N R T
3.5. Karl Pearson’s Method < PrTa ) iy 2.5 A
" 3.6. Bowley’s Method o ae oo % a .

3.7. Kelly's Method
- “:!3 8:- Method Df Moments- i s tr— R S L A SN v mn . Ssecaay swens=|]

H 39 Summary Y U | i’“"_ﬁ_ EA | §

b Al s
3 10 Rev1ew Exerclses

i

3.1. INTRODUCTION ,, _  *“  *

"We have "hlreellcé‘l.y seen that a single statistical- measure is not capable of telling’
| everything about a statistical distribution. A single measure cannot explore all the
cha}racterlstms of a distribution, As we lvlc}a\.re! already seen that an average of a
distribution gives us.an ldea about the concentratlon of 1tems about some value.
Dlstrlbutlons w1th same average may dlffer w1dely in nature. ‘We have already studied
the' scatter of 1 items around some average value, in our dxscussmn of measure of
dispersion. Now,we shall consider the, aspect of ‘symmetry in curves, of frequency
dlsmbutmns The shape of the frequ,ency curve depends upon the [requenmes of different
-values of the variable under consideration. If:the frequencies of items increases with
thefequally spaced increasing values of the variable and after a particular stage, the
frequencies start decreasing exactly in the same way these were increased, then the

frequency curve of the distribution would be symmetrical, bell-shaped. .~
: % S 95

3.2. MEANING = == ~ = = =  =~=x
r. et £ WL ]

In symmemcal distribution, the valués of méan, mode and medlan would coincide. If
the curve of the'distribution is not'symmetrical, it may admit of tail on either sidé of
the distribution. Such a distribution lack in symmetry. Skewness is the word used for

- | lack of symmetry A-distribution whlch is not symmetrlcal is called asymmetncal or
i 1
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. accgunt for the situations when skewness can be expected in a distribution.

~ of values greater than mode, then there would be no skewness

skewed. We can define ‘skewness’ of a distribution as the tendency ofa dmtnbutmn
to departfrom symmetry. ’ - DV x

oA fL e F T i et — e, ¥ T <

f ; - : : { -

=% LT

R ¥ “a i:Mbda=Me::lian zt e r
Symmetrical distribution t

S

\,»+ Tail on right !Tail on left .

" Positively skewed”  ~ ) Negatively skewed
distribution distribution ot

_ If the tail of .an. asymmetrical distribution.is on the right side, then the
distribution is-called a positively skewed distribution. If the tail is on left side,
then the distribution is defined to be negatively skewed distribution. Now we shall

E )

3.3. TESTS OF SKEWNESS - - :

; T'IfAM = mode =\ median, then there is no skewness in t_ile distribution. In |
other words, the curve of the frequency distribution would be symmetrical, bell-shaped.

2. If AM. is less than (greater than), the value of mode, the tail would on left
(nght) gide, i.e., the dlstrlhutmn is negatively (posmvely) skewed. "

"3, If sum of &equencles of values less than mode is equal to the sum of frequencles ]

3
~ 4 Ifquartlles are equld.lstant from medmn then t.here would be no skewness.
\ mﬂ ay x Tha . 3 ¥

-r . i . A . - e

3.4. METHODS OF ME/ASURING SKEWNESS .

oY

1. Karl Pearson’s Method

2. Bowley's Method o
3. Kelly’'s Method '_
4, Method of Moments "IN

4 . ;
A i i

Self-Instructional Material-
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3.5. KARL PEARSON’S METHOD -ox =5 5

L ]

This method is based on the fact that in a synimetncal distribution, “the value of A M.

“is equal to that of maode. As we have already noted that the distribution is positively

skewed if AM. >'Mode and negatively skewed if AM. < Mode. The Karl Pearson’s
coefficient of skewness is given by

Kar] Pearson’s c'oeﬁﬁcient of shkewness = %

We have already studied the methods of calculating. A M., mode and S.D. of
‘frequency distributions. If mode is ill-defined in some frequency dlstnhutlon then the
value of empirical mode is used in. the formula -t ,e

Empmcal mode = 3 Median ~2 A M. +~———v s =

= - A M.=- Mode = TS mmn mee
Coeff of1skewness i — | T\! }
f - AM.—(3Median-2AM.) _ 3AM.-3Median -
SRTEAN 8.D. . 8D
-k oxmy
Karl Pearson s coefﬁclent. of skewness = 3 (A'M' Med.lan) .
Ny - S.D. }

’I‘he coefficient of skewnss-as calculated by using this méthod would give

magmtude as we]l as direction of skewness, present’in the dlstnbutmn Practlcally,

its value lies between 1 and i. Fora symmetrical dJBtI'lblItlD;lL its value comes out to
- be zero:. Ty e o - - .

! €The Karl Pearson § coefﬁclent of skewness ls generally denoted by ‘SK )

4 - e A.!.._._ - . L Mmoo [

a

1 s "WORKING RULES FOR SOLVING PROBLEMS d? " Jr"“ '

|“1

Rule L. Ifthe odlites of x,0 and mode are gwen then ﬁnd SK usiq.g the
formuia. -

TR SO T eTe —otar tguar ar alisclety pt s #;ﬁk:ﬁ:&s—-—*
_ X - mode £ 5 B 3
SK T‘ (el RY=IA v - '-:. ._1 FY

Rule II If the yaf,ues of X, o aud medwn are gwen then ﬁnd SK by usmg the

LT
"'i» J i}!-a'*_ -.\_'-'?..-_ I‘l"', ‘}i-h-e v¥y ;-‘n’! ? i
N ?‘i..!. & SK;;.‘—‘-'-‘?—(—:C—;:M--"! T - T R N
Rule L If the ualues of % X, 0 @hd mode are ot g;yen then caleulaz‘«e these If
T R e 15 L deﬁned thenﬁndmedwn”’ YOO P e

o h,__ i i£s b 1 E]
Rule IV. Fhad SK p by usmg formulae gwen in above rules“ ! <Y

T

Example 3.1. Karl Pearson’s coefﬁcnent of skewness of a dr,stnbutwn is 0.32 its
standard,deviation is 6.5, and mean is,29.6. Find the mode of.the dwmbutwn s B

Solution. We have #..SKZ = 0'32iS D' =6 577 229670 "2 1 & s

i ﬁ:"—m—&—l“————m H“’ﬁ-m-_ -9" i S e it T Bty i ]

- Mode
—S':T - ] t}' ."“1' it i...t..?!

' 296 ~ Mede ¥, s pL

0T SR

206 -Mode = 0.32X 6.5 =2.08 .pemet ~* o,
Mode = 29.6 - 2.08 = 27.52.

Now SKp=

L4
L L B 1
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Example 3.2. In a certain distribution, the following results were obtained: ® Skewe-f-!‘ *

AM. = 45, Median = 48, Coefficient of Skewness =~ 0.4.- The person who gave
you this data, failed to gwe the value of S.D. You are required to estimate it.with the
help of avadable data.

A & £ A% S s e -
Solut:_on. We have. 4 NOTES
coeff. of skewness = — 0.4, A'M. = 45; median = 48.
- L '“"' " «afast 3(x- - Median)d PO 1 i “*{_a ¥
Now, it coeﬁ' of skewness = SD. s v o v
PRy - P L 4“ 3(45 48} -9 o 4 S.lj.’;"'90‘
10 S D "“_ s s D Ty - ‘4‘\': -
A 90
= g~ 38 s SD -7-225 l"‘""%" spotr .

Example 3.8. The sum of 20 observations is 300 and sum of their squares is
5000. The median is 15. Find the Kan‘. Pearson's coefficient of shewness and coefficient
of variation.,

Solution. Let ‘¥ be the Variable undér conmderat.lon 8 WI ox

We have .n = 20, E:r £ 300, Zx2 = 5000 median = 15~ s ge ' ¥ -
S 300 LI T CR wwed 1 Y
Now, :'c' __=—-— "i5 5 & ‘5—.}{:1 .
8D.= ]/-——52 (15)2 'Z J250 3% F =5.
R \1}“# g{ t ¥
‘Now, Karl Pearson's coeff. of skewness }% B i
3(x Medlan) “3(15 - 15) 0 =0 i
"8:D. n B o 53 ¥ :h‘n P
- . . B
L i oA A ‘“SD {(100y<' 7= X 100= '38.88%. ™ se ot

Example 3.4. Foﬂowmg is data regarding the position of wages in a factory
before and after the settlement of an mdmtrml dwpute Comment on the gains an.d
losses from the point of view of the workers' aud management.

S PN i+ Before setilement' * ) Aﬂg?gefileniégf : -
No. of workers s wr, k2400 " 2350
AM. of wages ' ka5, | . g7
Median of wages: sn .| ¢ ., 1t 7480 A ] e n U450, q 2
. | _SD-of wages -~ - - |z e ~—: '
Sohmon. Let. + denote thie variable wage.” 7 \
r (;) No. of workers before settlement = 2400 k N -
b No. of workers after settlement = 2350, T i ’ '

~ . After.settlement, 50 workers were thrown out of their job: Thisis a certam ‘
loss to the workers, who lost their job:

{11) A M. of wages before settlement = ¥ 455
AM. of wages after settlement = ¥ 475. ’ '

. .
After settlement, the wages of workers have increased. This is a gain to the
workers. -

4 ' : r
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I

(#ii) Median wages before settlement' =% 480 4« vo sl .
50% workers were getting less than or equal to ¥ 480. ** -

¥ « Median wage after settlement =¥ 450 RS i A

: oh —i‘} Lo ' 3
After settlement, 50% workers were getting less than or equal t0 ? 450 *
s T

Zx
(lU)x=? s ZXERX s i T R

Wage bill before settlement = ¥ 2400(455) T 10 92,000 .

Wage bill after settlement € % =% 9350(475) = % 11,16,250

Increase in wage bill o =%11,16,250 - 10, 92,000 = T 24,250

This is a loss to the management. * ~ ¢*
co =™ 100
(v) C.V. before settlement = 155 x 100 = 26.374%
L "1' t" LT L ) m?l i ‘ n’i “ -6** lv.{.'l. .
v ¥~ C.V. ‘after settlement 2} ¢ ¥ = Toix 100 = 21.053%. . O
We see that C.V. has decreased after settlement., roun SF T

Disparity in wages has decreased after settlement ior
(vi) Coeff. of skewness (before settlement) ’

3(x Median): x3(455 480) _0.625

I !

. 8D. T 1120 ~
iz Tall of ﬁ'equency curve'ig on left side. - ir
Coeﬁ' of skewness (after settlement) ' o
C - T 3(475- 450) o L1
el v 100 9;»75’9..'”

Tail of frequency curve is on right s:d!"‘
After- settlement the management reduced the- number of workers getting

‘high wagaes:-- :
: $AX P vt ¢ e, -t o e T
EAR o i 1 A # p—— -y:x o A ‘63‘«'"’ 3 €
EXERCISE 3. l " M PR 11 L S -
Fmd the coeff. of variation of a frequency d.lstnbutlon with the help of following
mformatlon - — - - s
L AM =50 '~ Mode =56 e

Karl Pearson's eeeff of skewness =~ 0. 4. f x %

2. Find Pearson’s coeff. of skewness for -the following frequency distribution:

Wage (inQ)~ |- 50.00—59.99 | :60—69.99- 70—7999 80—89.99
No. of employees s | 10 el il ¥
Wage (in'®) 909999 | 100—109.99 | 1e—itee |7
'l,“ _ No.of emplayees | o, _° I 2. |
el vo AL 3
T Lt G- ETy A . v ¥
* o3 e L3 i
) ABw L w . 1 v & o4 T2

A
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8. _For.the following data, calculate the coefficient of skewness based on mean, median and

-S'p:-. . £ . O L N & e " o at
\ Varigble" - | loo—i10 | 110120 1201307 || 130140
- Frequency | . 4 ) 16 R - I 52~
 Varigble | 140—150 | iso-160. | 160-170 | 170—i80
Y [ Preqeney [ 7es” | g o2, | u '

4. For the followmg frequency distribution, caloulate the value of Karl Pearson’s coeff. “of

skewness; ¥ tar P o= e T ot P
Temp. (°C) | .=40t0530 | -8080-204 [, =20t0510 | ~10t0
No.dfdays'"| - 10,.vs | "¢ 28 «i™| w 30 % 42" ¥
Temp.(°C) | ¥ ©0=10 1020 2030 'L
No. of days _ 65 180 10 |, .
5. Fmd the mean wage and coefﬁclent of skewnass for the fol.lowmg data
+.4. 35 men gets at the rate of T 4.5 per man o R S v ¥y oy 8
40 men gets at.the:rate of ¥ 5.5 per man®: ; afl

48 men gets at the rate of T 6.5 per man

100 men gots at the rate of ¢ 7.5 per man’ A
125 men gets at the rate of ¥ 8.5 per man + Y
= 87 men gets at therate of T9.5  per man . a “
* 43 men gets at the rate of ¥ 10. 5 per man __ 2 : - ‘_h
;22 men gets at the rate of T 11. 5 per man
8. Calculate Karl Pearson 8 coafﬁclent of skewness for the following data: "
b Y .. .
w.Wage (in 3) 70—=80 80—80 |~ 90—100 - 100—110
No. of workers , 12 A 18 - 3B s ~ 42
. | Wage@n® 110120 | . 120—130 130—140 140—150
No. of workers 50 ‘ , 45 20 8
- oF
Answers
1. C.V.=30%. 2. 0.1454 8. - 0.0087
4, -0.6617 5. Mean weage = ¥ 8:07, Coeff. of skewness = — 0.2445
8. -03314, .
3.6. BOWLEY’S METHOD . e

This method is based on the fact that in a symmetrical distribution, the quartiles are
equldlstant from the median: In a skewed distribution, thls would not-happen. The
Bowley’s coefficient of skewness is given by -

Q+Q,-2 Median

Q:-Q; '

Bowley’s coefficient of skewness =

For a symmetrical dlstnbutlon its values would come out to be zero. The value |,

of Bowley’'s coefficient of skewness lies between —1 and - + 1. The coefﬁclent of skewness
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as’calculated’by usmg this, would” give magmtude as well as duecnon of skewness
present in the distribution. In problems, it is generally given as to which method is to
be'used. But in cage;"the. method to be used is not specifically mentiofied, then it is
advisablé to use Bowley's method. The calculation of Bowley’s coefficient of skewness
would involvé the caleulation-of Qy, Qa and median. The calculatlon of these measures
would definitely take lesser time than for;the calculatlon of %, mode and S.D. It may
also be noted that the values of coeff.'icmnt of skewness as calculated by using different

| formulae may not be same. This method is also useful'in.case of open end classes in
| ' the dlStl'lbl.lthIl"‘ t ot L1 M}‘ :“& 'L&i‘ LY Foaga \"' sf T hd

The Bowley's coefficient of skewness is generally denoted by ‘SKé’-;‘

¥ * _WORKING RULES FOR SOLVING PROBLEMS

B

Rule L If the values of medmm Qf and Qa are gwen then ﬁnd SKj by using ‘

-

the formud, EE ‘SKpz X +Q = 2Medidn
— B ww e T - ¥ Q3 Qj‘ . .
Rule II.- If the- values of medion; QI and Q, are not given, .f.hen ﬁnd “these by
using cumulative frequencies.of the distribution. .. b ORI

' Rule II1. If the name of the method is not mentioned, then the coefﬁc:ent should
be calculated by Bowley s method. This method wLH. take less-time.

Example 3.5. For the foHawmg data compuse quartdes and the c.oefﬁcl,ent of

' skewness ) Hge v oo T g = £
[ - B . ok D ] »ry
\| Income® | Below 200 | 200—400| 400600 )‘6'0_0—800 4001000 | above 1000
No. of persons 25 40 80 TV E%TEat e 20 18
. e = —
' Solution. Calculatlon of Qv Qﬂ and median R
}’i B4 * " I d Y -i:
Rl *"*Classes =] - No ofpersons (f) - - e.f.
v . N
- R Balow 200- 25 -t ~s 25
Y . i » - .. x A . F . i. ' L3N
IS B ST Gl 7 S DL LU NPT S - S
FrR—— s 490_609 ) - s 894—-—- - o] wEw lv‘gés "
] 600—800 75 - T 220
| 800—1000 =7 20 240°
? above 1000" £ 16 - 256=N |"
’ : T ' " N=256 .
; N 256
' c._.-‘.-.;m-Ql:f—-- e T _.4. —T- e ol o - T meTsowims dagheec s Tx
_J"ﬁgi —t '51 ™ z — B o=
boLn Ql—smeof64th1tem L - - oY S G
L = — ;—:r.-=1_-. i 2 ..:-__00*3:.‘"-' g A e A A '—‘k ‘—M = TR e
. s 00—
v 2 o sits: N ARty ? - ua B BN
LB Y e 4. o N-¢ ;
RO LERA T Wy £y TS h=200% 64-25) 900 = 200+ 185 ='305.
- f b 40y )it
2NV, (366 : - G
. 3 bl P 3 - =~1924., J ITHLie vy 5’1‘"‘.;__ a2 &ﬂg
. 3G
- e ™o PR Y 1
o ’3'-‘!’ Q; = size of 192th ifem :_:_ A N £
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Qy class is 6‘00—800 b




o el (-——-—3 (N‘g ‘"']h 600+i(—~—_19?;5145]; 200
Yo 600+ 125,33 = 735.33.
Median : %:%_123 s
Median = size of 128thitem  32¢ .° Y
Median class is 400—§00.
: - Ne-c} B gt s)t
Median =1L + ( ]h 400+ ( : J200 o,
f 80
P o . ZAOHISTE=SEIS. g
: Bowley’ s coefﬁclent of skewness
a QS + Ql — 2 Median il w¥% R o«
- Qs -Qy ¥ g
_72633+395-2(675); 533 _
- 72533 — 395 33033

Example 3.6. Calculate the Bouleys coefﬁcr.ent of skewness for the foH,owmg

g

frequency distribution:

Skewness

NOTES

Classes 1—5 | 610 | s11—I5p-fe16=20 | 21—25 | 26—30 | s1_35
Prequency | 8 | 4 | e | s |10 |- & | 2
Solution. Y Calculation of Q,, Qg and median_ T
n + tm —Cla;‘;se;; I . 4; ¥ i \.{ v ::l_; “-_ T Jf
\ ia- # 1—5" . = * “,‘? "‘-"-‘; .’: ¥ :;;ls‘huﬁ
6—10 = <~ At 4 e . Y A
111 i 68" B f
g f 4 , 1620 £, R P W u;gla_%:- 1
: t 2125 o . 1T s 115
x e Bl it [ T
{31355 | ;2 . 123=N
i N=123 e
s . * , ¥
. _” I 2 = H ‘.,'!' i
H N 123 1
: —="—=30.75 ' i ' PN |
I S e P o LE
J._‘. wu Q= size of 30. 75th item, . o B % - .y
- Q1 classus lg 5—15. 5(actual class limits): - -~ -
r g . N u.’d £y
e aug N/4 - ey 30,75 = o = Ca
s QEL+| =S n=105+| 3B 11F 1055 1746 = 12.246
— f e 68 . - i b .
NY (123 4
w s
. 2

Q, = size of 92.25th item

Q, class is 15.6—20.5 (actual class limits)
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QS =L+ [Mﬁ h= 1585+ [M) 5
.f = 30
. =156+ 2.875=18.375. :»
NOTES K . Te 7
' Median: %= :-1%3— =615~ i L
- R o i
Median = size of 61.5th item
Median class is 10.5—15.5 (actual class limits)
: Median =L + (N"z "] h=10.5+ [61‘53' '7J 5=10.5 + 4.007 = 14.507.
_ A f 68 J, £
i Now, Bowley’s coefficient of skewness  «
_Q3+Q1-2Media.n .'l}
Qa Ql g -
L
18 375 +12.246 - 2(14. 507) 1,607 0.262:
: - '18.375 - 12.246 6129 - N _
- 3 B ow
. - EXERCISE 3.2 - bl
-1, In a frequency distribution, it is-found that Q, = 14.6 cm, median = 18, 8 ¢cm and
Qg =25.2 cm. Find the coefficient of Q D. and the Bowley's coefﬁment of skewness.
2. Calculate Bowley’s coefficient of skewness for the following data .
Wage (in 3) 85| 90| 95 1_00 205 | 10 | 115 | 120 | 125
| No.of persons { 15 18 | 26 | 19 | 15 771 28 12 11
3. Calculate the quartile coeﬁ'ic:ent of skewness for. tha following frequency distribution:
Weight No, of persons Weight ’ No. of persons
(in kg) ! (in kg)*
Under 100 1 150—159 = 7 65
: 100109 L V' 160169 31
110—118 66 i 170—179 " ¢ 12
120—129 122 180—189 _ 5
130—139 145 190—199 2
140—149 121 200 and above. 2
4. Caleulate coefficient of skewness based upon quartiles for the data given below:
Marks (Less than) | 10 20 30 | 40 | 507 60
" No. of students = 5 |- 12 20 | -35 40 50
Answers 1 o
1. Coeff. of Q.D. = 0.2663, Coeff. of skewness = 0.2075 !
2. 05 3. 0.0233 4. 0.0397 .
u 3
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3.7.

KELLY’S METHOD

.r

_ This method is based on the fact that in a symmetrical distribution the 10th percentile
and 90th percentile are equidistant from the median. In a skewed distribution, this

equality would not hold. The Kelly’ 8 coeﬂiclept_of skewness is given by

Kelly’s coefficient of skewness =

Py, + Py, - 2 Median
Py - Py '

-

i
For a symmetncal distribution, its value would come out to be zero, This

coefficient of skewness would Lie between — 1.and +,1. The coefficient of skewness as

calculated by this method would give magmtude as well as direction of skewness present

in the distribution.

i

A

Rule L

SK=

ng +‘Rm - 2Medwn

~Py

Rule II. Kelly s coefficient of skewness 1.8 also equal
Rule IIL. If.the values of median, P 10 cmd Pso are not given, then find these by

Ds +'D1

WORKING RULES FOR SOLVING PROBLEMS =+

#If the values of median, P, and Py, are given, then find Kelly's coefficient
s of skewness by using the formula:

- 2'Median

Dy

'DI

_ using the cumu!ative ﬁ'equencies of the dg'stribution.

. L -

Example 3. Ina frequency dl.smbunon

P,= 5 Median = 12 and Py =
Find Kelly's coefficient of skewrwss
Solution. We have. Pm = 5 medmn =12 and P, = 22.

Kelly’s coeff. of skewness

hd +d %

- w + Po - 2 Median 22 2(12
\ . = Do Pig - 2Median _22+5-2012) _ 8 _, 1n00
Pgo - Plﬂ 22 5 17
Example 3.8. Calculate Ke!ly s coefficient of skewness for the following frequency
distribution: - ,,, A"g EREE 1
- Daily wage |- 20—25 |. 25—30* e 30—35 35—d0n | 40—45 | 4550
(in%) ' R ¢
“No. of Workersz®| 1z ¥ [Pt g F| .5t L P L
Solution. ;,, Calculation of Kelly’s Coefficient of Skewness '
';- ‘ ‘ .Ddl_'ly mges . No.__ of Lep}ker;s -,,. ' ‘ cf
. SN <l O SR N :
T T 80725 12'* o 12
¥ . L ™y Fraom 3 f s &
25—30 _ . 16 oo . 28
3095 k| ¢ 5 ’ - 33 ’
— - b "’f’ e — . - " . b
35—40 4 . w 87,4
= ¥ 4045 adle ~y = |- 39
45—50 T | 40=N
; + N=40 ks ¢

T Ske‘l_ me;” -

NOTES
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' Pio: 10 (100] =10 [100] A T
= AL e Mo e S owes == e cmmr e 3
L P_m = size of 4th 1t,em - -
Aot - . - -t - at e T 3
NOTES .y Ppo class 8 20—25 . - i -
' JER Jp =L% [10 (N/200) - CJ h L S 1oy -
B . F ,
g R ‘
| . =20+[4 0)5 20+ 1.67=17 2167, L
* *y oy & P12 5% M TN T PP
R I g T L TPPE » & g & ey
Tand NV oo [ 40 . :
P,: .x. 890 — | =80 | — | =36 LI ¥
o T (100) ‘ (100] TR
s Py, = size of 36th item . . e .
Py, class is:35240. <1 & . " 2 % “L#’ :
rgagfi 2 -
i Mt P=L+ {—90(3’100) - °J hias i [36 33]
a= v -fr",; ha 3 4
=85 +.3.75 =1 38. 75 :
Median: _ 2809 -
v Med.lanw— size of 20&'1 item FPosr TR b
. *9, Median class i8.25—30. '« . o B oy
- - ¥ AL
ae o= - Median =L + [m Jh 25 + [20 12] 5 -
; Al G I AN T B
’ v =25+ 25=%2750
Now, Kelly’s coefficient of skewness “« . A
' o Qs Q . e i
ke — 38,76 + 2167 - 2(2750) 542 .
’ 'g + = = - = = *
t :“ b _ ~ 3 ‘( - !,f--‘ 3875 =2167 17.08 0.3173.
gy % 4 oo st W A3 w8 o Y
EXERCISE 3. 3 b
; . 1. "I.naﬁ;quency;mtnbuhon Pm-IO medum 22 a.ndP -25 Calcu]ate Kelly'scoefﬁment
ofskewness \F ™ 9
_ 2 In a frequency distribution, Pw = 17 P =53 and medla.n = 38, Find Kelly's ooeﬂiclent ‘
- — of skewness. “~ e e t e -
. 8. Calculate the coe'fﬁtilent of skéwriess, usmg Py and‘Pg'd; for the following data:,
; x 10 { 11 ¢ "12 . |sA13 14 | as¥| 1. | 17
o Lo f o8 | | 18 ] 15 [ 12 P8 | 6 | 3
i 4, Calcmz;te Kelly’s cosfficient of skewness for the following i‘f’équéncy _distri;bution:
. i ' ¥ . W
. Marks-less than 10 20 30 40 | 50 60 70
{ | No.of students 0 5 7 10 |*12- | 18 30
- i “ Answers - {
N Y 2.-017 3.0 ' - 4.- 051,

LT
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3.8. 'METHOD OF MOMENTS, ~ . ... ' ..

In this method, second and thlrd central moments of the dlstnbutlcn are used. This

. measure of skewness i8 called the Moment coefﬁclent of skewness and is given by ;
B A ] . _A us . e ) A -
Moment_coefﬁclent of skewness = 5 » R

- I‘l'z —_

- For a symmetrlcal distribution; its valte would come out to be zero. The coefficient
of skewness-as calculated by this method gives the magnitude as weIl as direction of
skewness present in the distribution. 1 a

{1 - E o . i )
_ ] ) : I
. us
In statistics, we define §, = =5 ., . 2 \ ¢
!
— I-lz a 3
o Moiment coefﬁclent of skewness can-also be wrltten as

1
! *‘.? - 8
. 7 p’S =z Ilg ‘i
i v

The sign with Jﬁ istobe taken as that of j,. The moment coeﬁic1ent of skewness
is.also denoted by y;: {

-

The moment coefficient of skewness 18 generally denoted by ‘SK,

S £ o

x

WORKING RULES FOR SOLVING PROBLEMS A
Rulel. Ifthe ualuesﬁqf M, and u, are given, then find SK,, by using the formula:

Rulell. If raw r;w(nents H, By and p.",': are given, then calculate:
=Wy — 1, % and py=uy - Sugp,+ 2,

g At
Nouw, find SKQ"F"‘L{L. R
: L N OUR
Rule 1. If momenis are not given, then ﬁrs!.*ﬁh& w; and W, by using the giuer:
datas and ther, use the formulg: SKy, = z J”L
bte v n
W3 W

RuleIV. 8, = 3 andy, = =,
5 ""2 \’1123

Example 3.9. The first threé central moments of a distribution are 0,15, - 31.
Find the moment coefﬁcwnt of skewness

T . ©

Solutmn. We have n, =0, u2 = 15 and “3 =~ 31 e ¥ ‘ "
.. Moment coefficient of skewness " i w P
: _omge_ -31°_ a1t Br - oss L
s il gk = J_ J a 5)3 == 43375 58 09 . . : :

v Skewness
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Example 3.10. Find the second and third central moments for the frequency
distribution gwen below. Hence find the coefficient of skewness:

s

Class | 11001149 | 11501199 | 120.0—124.9 | 125.0--129.9
Frequency 5 I5 . 20 3 35 .
Class 130.0—1349 | 1350—139.9 | 140.0—144.9
Frequency 10 10 5
Solution. Computation of moments
¥ Class Cf £ | d=x-A4 w=dhl' s | (e fu?
] - A=12745| h=5v
110.0—1149[ 5 112.45 -15 -3 -15 46 ~135
115.0—119.9 15 "117.45 -10 =2 -30 80 -120
120.0—124.9 20 12245 | -5 -1 - 20 20 -20
125.0--129.9 35 127.45 0 0 0 0 0
130.0—1399| 10 182.45 5 1 10 10 10
140.0—1448| 10 | 13745 10 2 20 .40 80
5 142.45 15 3 15 45 135
N =100 ' Zfu Zfu? Ifu?
=-20 | =220 | =-50
' zfu] -20
= | — h = | m—l =
Now " ( N )" {100 ©
e ’ [
Tfu? (220
= h2= s72= 55
i’ [ 100) @
(- 2o
e ( B =00 ©°=-625. "
Central moments

By = My — W, 2=55—(~ 1)2=54

My =y — 3;12'”1’ + 2p.16 ==-625-3(B5)=1+ 2(~-1)°
= =625+ 165 - 2 = 100.5. i .
Moment coefficient of skewness _

M3 1005 1005

= = = ={.253.
’p23 B J(54)3 B4 x 735

: E &
EXERCISE 3.4
1. Thoe first three central moments of a distribution are 0, 2.5, 0.7. F: ind the values of S.D.
and the moment coefficient of skewness. "

" 2. Inacertain distribution, the first four moments about the point 4 are<~ 1.5, 17, -~ 30 and
308. Calculate the moment coefficient of skewness.
8. The first three moments of a frequency distribution about origin ‘5’ are — 0.55, 4.46 and |
— (0.43. Find the moment cosfficient of skewnass. " |
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4. Find the moment coefficient of skewness for the following series: Skewness

x 3 | 86 8 10 18
5. --Caleulate the-A M. ; coefficient of variation-and the moment coefficient of skewness for
, the following data: L e . ' NOTES .
‘x| o] 1 g [felg 4 5 6 7 8
A1 s 28 | =56 70 |- 56 .28 g~ | 1~
=, o oseToweie L o o ANSWerS. ez e et _semmetoreaw o ow
1. 1.5811, 0.1771 ) 2. 0.71017 " 3. 0.7781 4:0.7504, . I

5 AM. =4, 0V. = 353553% eosfﬁment.ofskewness-o—---»— — - A A

3.9. SUMMARY ' - ' .

+ Skewness is the word used for lack of symmetry. ‘A distribution whlch is not [
symmetrical is called asymmetrical or skewed. We can define * skewness of !
" a diStributiofi ds the téndency of a'distFibiition to depart from symmetry ™ ~~|

.» If the tail of an asymmetrical distribution_ is.on the right side, then the
distribution is called a positively skewed distribution. If the ta1l is on left
_ side, then the distribution is defined to be negatively s skewed dlstnbutlon

2 This method i is based on the fact. thatin a sy'mmetncal dlstrlbutlon the value of
" AM. is equal to that of mode. As we have already noted that the dzstnbunon is
‘positively skewed if A M. > Mode and- negatlvely skewed if AM” < Mode The |

Karl Pearson’s coefficient of skewness is glven by
” [
" 'Karl Pearson’ s coeﬂ‘icient of skewnéss = ———S‘—I-)I-“ﬁ. ;
~ A . g

¢ This method is based on the fact that in a symmetncal distribution, the quartiles,
are equidistant from the median. In a skewed d.lst.nbutlon this would not happen, .
The Bowley's coefficient of skewness is given'by

¥ .

Bowley’s coefficient of skewness = Q+Q,-2 Median

e - BT BT TRS,, GO ST e Qs-stI —-:.mu: Lk R
¢ This method is based on the fact that in a symmetrical’ dlstnbutlon the 10th
.. percentile and 90th percentile.are. equidistant.from the median. In.a skewed.
distribution, this equahty would not hold The Kelly's coefﬁclent of skewnesgs i is

glven bY s ) .. el “f
Py + Plo -2 Median
Py -Py '

Kelly’s coefficient of skewness =

|

| .

‘ 3.10. REVIEW EXERCISES
|

L. Define skewness. Explain the difference between positive skewness and negative
skewness.

2, Emlam what do you understand by “Skewness”. Wha't are the various methods of
measuring skewness?

8. How does 'Skewness’ differ from ‘Dispersion’? Explain the different methods of st.udymg
skewness.

4. Explain the use of quartiles in studying skewness in frequency distributions.
5. Explain with formulae different measures of skewness.
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- - 4, KURTOSIS .

STRUCTURE

Introduction
Definitions ¥
Measure of Kurtoels
_Summary .

Review Exercises
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4.1. INTRODUCTION ~ * >

_ We have already dlscussed some of the characteristics of stat.lstlcal dlstnbutlons The

measures of central tendency tells us about the concentration of the observatlons about

&N average s value of the distribution whereas the measure of d.lsperswn gives the idea

of scatter of the observatlons about some average. The measure of skewness helps us
in judging the extent of symmet.ry in the curves of frequency distributions, Now we
shall consider the peakedness and flatness of frequency distributions. The measure of
peakedness or flatness or the curve of a frequency distribution, relative to the urve of
normal distribution, is called the measure of ‘Kurtosis’. Kurtosis refers to the bulgmess
of the curve of a frequency distribution. LT

F < -
- ' T @ ¥

4.2.'DEFINITIONS : .

.

The carve of a frequency distribution is called ‘Mesokurtic, if it is neither flat nor
sharply peaked. The curve of normal distribution is mesokurtic. The curve of a frequency

wid ) -~

uf as

\ leptokurtic Mesokurtic Platykurtic
By >3 Bp=3 . B,<3
V>0 vp=0 v, <0
' 3

.




distribution is called ‘Leptokurtic’, if it is more ﬁéaked than normal curve. The curve
of a frequency distribution is called ‘Platykurtic’, if it ls more flat-topped than the

normal curve.
: R ¢
x

2 [N

| :

+
! 4.3. MEASURE OF KURTOSIS
' The measure of kurtosis is denoted by f, and is defined as v
u“ s b i :-:-a
LS E - * Bz ‘ h
[} "I'Z ! S

wheré |, and y, are respectively the second and fourth moments, about mean of the
distribution. If B, > 3, the distribution is Leptokurtic. If B, = 8, the distribution is
‘Mesokurtic. If B, < 3, the distribution is Platykurtic. The kurtos;s of a distribution is
also measured by using Greék letter ‘v, which is defined as v, =, - 8.

nE v,>0.. = B,-320 = B,>3 =. thedistribution is Leptokurtic.
Similaly, if v, = 0, then B, = 3
be The'disi;_ributibn is Mesokurtic.
,<0 = p,<3 = the dJstrlbutlon 1s Platykurtlc

-
-

£ +

WORKING RULES FOR SOLVING PROBLEMS
Rule I._ +If the values of it, and p, are given, then find B, by using the formula:
Ky ~
N a B ==
2 o
Rule 1. If raw moments p,’, p,/, n,’ and n, are gwen then calculate:

Ry =Ry -u{*andu., u, = B2 3#,"
¢ Now, find B,=

Rule III If moments are not given, then first ﬁud M, and U by using. the given
‘data and then use the formula: B, = ll_2
2

e

. Rule IV. The given distribution is leptokurtic, mesokurtic and platykurtic '
according as B, > 3, f,= 3 and ﬁg <3 respecuvely

Rule V. Y,'= B, - 3 The given dzstnbutwn is leptokurtic, mesokurtic and
" platykurtic according as v, > 0,v,=0andy, < 0 respectively.

Example 4.1. The first “four moments about mean of a fréquency distribution
are 0, 100, - 7 and 35000. Discuss the kurtosis of the distribution.

Solution. We have p=0p,= 10@, M3 =—7 and p,=35000.
u4 35000

Now = =35>3.. L

B,= "~ 007 Y

The distribution is leptokurtic

Example 4.2. The first four moments of a distribution about the value ‘¢’ of the
variable are - 1.5, 17, - 30 and 108, Du;cuss the kurtosis of the distribution.

Solution. We have u'= 1.5, Wy = 17, y''= = 30 and b= 108
' My = by’ — ()% = 17— (- 1.5 = 14.75

Kurtosis ...
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E:g.riumSkzﬁsﬁcs 1" 1 Iu i u4 _4u ua + 6“2 (“l')z s 3“11')4 IS R )

’ W k ¥y ‘ .
' oo T 0B A 1U5)- 30) BT LB < B(- 1. 5)4 142, 3125. w
B Now, ﬁz ' - _ 1423 1225 142.3125 = 0.654 <3,
The distribution i 1s platykurtlc -') I rq‘sé}g J = » <
|-~ <-Example 4.3. Compute thecoeﬁicwnt of skewness and kurtosis based on moments
for the following distribution: sy o . - "
x | 45| 145| 245 345 | 445 |- 545 | 645 | 745 | 845 | 945
1 5 12 22 17 | 9 ) 4 3 I 1
| ,,: rSolutlo):: - Ct;iculanon of moments o o m' 12
x| [ | dFx-4 ,,it =dh_, fu [N N - I .8
e L A= | k=10 | b )
45 1 - 40 -4 -4 16 -84 256 -
14.5 5 -30 -3 —15 45 .| -135 405
| 245 12 ~ 20 -2, ~24 8 | -9% | 192
S| sas Lf-e2 | -7 | -1 22 | 22 22 22
Tl 445 17 |of 0 | (06 0 *0, 0 0
545 9 $ 10t » 1 = g ve 9 9 T g
64.5 4 20 2 8 16 32 64
74.5 3 30 3 9 27 .81 (| 243
84.5 1 40 4 4 16 64 256
945 1 50 5 5 95" 125 '| 635
N=75 o |zfu=-30 |3fut=224] Bus=—6| Tput=
2072
1 Moments about 44,5 -
O £ Py ( 30] =g W
N 5
’-‘.‘*:_.i LY i)2 -\‘,J"‘1 ¥ Ry M ¢ I ’;' ._‘;“.!J 3
by = | He | o {224} (10)2=298.667 * ¥ ¥
ik ¥ } \N o (VAN $ » &+
foc Y3V N IR
— h r= Efu hB = 6 10 3 == — - —
S v Rl 7 K it v
\ J ]
- {( l4¥\t;“ ‘ 72 H’ g b
- . Eu 20
H L 4= 4 = ‘\, s
ERATS ; N ) h 5 (10) = 276266.667. *
‘Central moments p,, iy, p.;' -
Wy = pﬁ T 2= 298667 - (—4)%= 282 667
o aMa = =B+ 20 =~ 80 - 3(298.667)( 4) + 2(- 4)3 = 8376.004
- =My =g B, 7 = 30, "
= 2‘76266 667 — 4(5 80)(- 4) +. 6(298 667) - 4)2 - 3(— 4 = 302890 1.
- s x =
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Skewness ' Kurtosis

f Moment coefficient of skewness,
b y, = Ho_ 3376004 . 3376004 .
- Jg J@282667)° 282.667.282.667 ‘ NOTES
The distribution is positively- skewed N
Kurtosis- i
pibe 3= 002807 3599 3-07950 .
Lt (282667) :

The distribution is leptokurtic. -
Example 44, Fmd the measure of kurtosis for the fo!lowmg distribution:

Cla_ss 45—52 | 5259 5866 6'6—73' 73—80¢ 80—87 | 87--94
. Frequency 4 -89 i2 4 ' 3 2 1 f

Solution. In order to calculate Bz, th_e. measure of kurtosis, we will have to find
- the values of s, and p,.

_ Class Freg- Mid- | d =x-A| u=dmh .'fu . Ju? fu? fut ;
uency |~ points | A=69.5 h=7

Y. x k

| 482 | 4 |,485 |, -21_ | -3 |.ci2.. .%. | -108 | 324
52—59 9 555 | -14 -2 -18 36 —-725 | 144
| 5966 |wc12 =| 625 ofr —Ts f==1 | =12 | -12 | =12- |=12
66—73 4, | ,69.5; 0 0 0cf ?.0r 0 0
. 73—80 « 3 6.5 7 1 3 Y 3 3 3
vt s0—87 | 2 83.5 14~ 2 4 g8 |+ 1e 32
g4 | 1| o0s 21 | 3 5, 9’ 2| m

N= 35- Iy : .| Efu= .| Zfu* | Ifut= | Zful=

-32 [=104 | -148 596

| o _ 39’
i ¥ Now,’ ' ;.tf::E& hz(%] =-864

& [TV TR 1
Fip m 2. 104 ® e
ey 4 | =——RhE = 2= LI p
PP X My [ N Jh (35 )(7) 145.6 -
- = = "],13'= :mS\ha--_' (ﬁJ (7)3=—“1430.8 e -
N ) 35 | .
™
g e oAt D= % 4 = =
596
u4’=(3;: h"-[ ](7)“‘408856

/
].l.z ([11')2 145. 6 (— 6. 4)2= '104. 64
P‘-4 }1-4 - 4"1 u-a + 60"1')2 I-lz 3(”_' ..)4
= 40885.6 - 4(- 6.4)(- 143Q.8).j|' 6(— 6.4)%(145.6) — 3(~ 6:4¢
= 40885.6 — 36628.48 +.35782.656 -~ 5033.1648 = 35006.612.
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=3.1971 > 3. o

Ll

= (u)?  (10464)

The distribution’js leptokurtic, *-f * .

. Example 4.5. Fora dasmbutwn the mean is 10, variance is 16. Ify,=1,B,=4,
find the first four moments about the mean and about the origin. -

Solution. We have X =10, variance=16,y, = 1, B, = 4. «& w =

Weknow , =0 (always), My = varmnce =16
]
— l"’S = ,I-ls . o i —
= = 1= = ‘=16 x 4 = 64
. . h N R P I % ':3 4 g
- 33 ® Lk & ":' ) FY ."!)_ i S0 IR !
o *5..,52;%— =rq=t o u4—4><256 1024.
£ "1" uz (16) . a,
Moments about origin . L T ] .
- e 4 Y, =% =10 -~
N T - B i {i ke 1_ i R ST SN
' sp,+xi= 16+(10)2= 116 % ¥
et it p3+ 3u,zx + ¥3=64+ 3(16)(10)+(103—1544
s Ty s *

Y, p4 +4p.3x +6p.2x2+ x4
l = 1024 + 4(84)(10) + 6(16)(1(}‘)2 + (10)'l = 23184

- i - - r

f . — -

4.4, SUMMARY f

£ ® The curve of a frequency dlstnbutlon is called ‘Mesokurtic', if it is neither ﬂat
nor sharply peaked. The curve of normal distribution is mesokurtlc The curve
of a frequency distribution is called * Leptokurtic), if it is more peaked than
normal curve. The curve of a frequency dastnbut.lon is cailed ‘Platykurtic, if it

_ -is more flat-topped than the normal curve. - i -
. The measure of kurtosis is denoted by B, and is defined as
“ » — My !
i o2

where i, and p, are respectively the second: and fourth moments, about.mean of
the distribution. If B, > 3, the distribution is Leptokurtic. If B,=3, the distribution
is Mesokurtic. If B2 < 38, the dlstnbutmn is Platykurtic. The kurtosis of a
dlsl;nbutmn is also measured by usmg Greek letter ‘v,’, which is defined as

ﬁ2—3

4.5. REVIEW EXERCISES .

-
Explain the term kurtosis’. 't oAl
How does kurtosis differ from skewness‘? _

Explain the méthod of study‘mg Kirtosis, ~ 7 °

What are Skewness and Kurtosis? Give formiuls for me”asur.ing them.
Dafins ‘Leptokurtic’ distribiition. 7+ "~ }

. " Dofine Kiitosis. Give Fisher's measure of Kurtosis. Draw rough skatches for different
CAaSes.

LN IR

i
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7. 'The first four moments about mesn of a frequency distribution are 0, 60, — 50 and 8020
respectively. Discuss the kurtosis of the distribution.

8. The i, and y, for a distribution are found to be 2 and 12 respectively. Discuss the kurtosls
~of the distribution.
The first four central motments of E distribution are 0, 2.5, 0.7 and 18.75. Test the kurtosis
-of the distribution. - g y - <

o
o T 9
=

10. *The standard deviation of symmetric distribution is 3, What must be the value of p, 20
seman  that the distribution may be mesckurtic?. o -

11. If the first four moments about the value ‘5’ of the variable are — 4, 22, — 117 and 560,
_ find tha value of B, and discuss the kurtosis.

A

< 713, Compute the value of 62 for t.he following. d.lst.nbunon Is the dlstnbutmn platykurl:lc"

# " -~~[ Class— | 1020 2030 | 30-=40"| 40—50 | ‘5060 | 6070 70;30
T Frequency | 1 20 | e | 108 | 7B | 22 2
.18. Calculate B, and B, for the following distribution : - . -
Age (in years) 2530 3035 -35—40" 4045 ¢
Number of workers 2 ' 8 ~.18 .
Age (in years) 45—50 +50—55 66— 60 80—65 *
Number of workers 25 186 77 2
~ Answers «
7 7. B, =2:2278, Platykurtic 8. B, = 3, Mesokurtic s
9. B, =3, Mesokurtic 10. p, =248
11.. B, = 0.8889, Platykurtic . 12. B, =2.7240, Yes‘ .
" 18. B, =0.083B,=27. :
b 4 - *
o
t % o ") ™

i T ]
- = — - -t i -
. 2= L bl AT e e T o e e - AR - - e —
[SEE = T = - Pt S SR T Tl e, g - e TAY Skae—
; -
M‘i"- :.L\_,-*{L, ey [
= ——— g TR, M eerabiie S We e SO RTTI e Ly =R
£
4 -
4 Y £ ~ = hoi e
1 s
H el - .
* ..';‘t i L
4 t - 1.1-_ W
X
oo ¢ A a
id
STt By ¥
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Review Exercises

5.1. INTRODUCTION

We know that a time series is a collection of values of a variable taken at different
time periods. If y,, ¥,, ......, ¥, be the values of a variable y taken at time periods
0 t,. then we write this time series as {(2, );i=1,2, ...... , n}. The given time
series data is arranged chronologically. If we consider the sale figures of a company
-for over 20 years, the data will constitute a time series. Population of a town, taken
annually for 15 years, would form a time series. There are plenty of variables whose
value depends on time,

. -




g " : —— Analysis of Time Series
5.2. MEANING £
o=

In a time series, the values of t.he concemed variable is not expected to be same for

f? every time period. For example, if we consider the price of 1 kg tea of a particular NOTES
brand, for over twenty years, we will note that the price is not the same for every year.
What has caused the price to vary? In fact, there is nothmg spemal with tea, this can
happen for any variable, we consider.

There are number of economic, psychological, sociological and other forces which
may cause the value of:the variable to change-with time. In this chapter, we shall
locate, measure and interpret the changes in the values:of the variable, in a time
series. We shall investigate the factors, which may be held responsible for causing .
changes in the values of the variabie with respect to time. & .

i -

5.3. COMPONENTS OF TIME SERIES

We have already noted that the valué. of variable in a'time series are very rarely
* constant. The graph of ité time séries will be a zig-zag liné. The variation in the values
of time series are due to psychological, sociological, economic, etc. forces. The variations
in a time series are classified into four types and are called components of the time
. series. The components are as follows:
() Secular trend or long-term variations
;@) Seasonal vanatmns ‘

e (m) Cyeclical 1 variations ¢

(tv) Irregular variations.

-

5.4. SECULAR TREND OR LONG-TERM VARIATIONS

The general tendency of the values of the variable in a time serics t0 grow or to decline
over a long period of time is called secular trend of the times series. It-indicates the
general direction in which the graph of the time series appears to be going over a long N
period of time. The graph of the secular trend is either a straight line or a curve. This

1.graph depends upon the nature of data and the method tised to determine secular
trend. "

The secular trend of a time series depends much‘on factors which changes very
slowly, e.g., population, habits, technical development scientific research, ete.
“If the secular trend for a particular’ time series is upward (downward), it does

not necessarily imply that the values of the variable must be stricily increasing
(decreasing). For example, consider the data:

Year 1978 | 1979 | 1980 | 1981 | 1982"| 1983 |1984" | 1985 | 1986 | 1987
Profit -| "18~| 17 |™20 [*=ar | 25° | 22 |[~26™| 27 | 28 | 35
(0003) . : » e . .

We observe that the proﬁt ﬁgures for the years 1979 and 1983 are less than
those of their corresponding previous years, but for all other years the profit ﬁgures
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“are gteat.er than their correspondmg previous years In this time’series;"the general
tendency of the profit figures is to grow. F AT s R

If from the definition of secular trend, we drop the condition of having time
series data for a-lorig period’of time the definition will become meanmgless For

example, 1f we conmder the data: « . m g
LT R Y - A
Year 3 PR 2002 2003, ;
Pmeofsugur(lkg) . e P ruse |

From th1s tune series; we cannot have the 1dea of the general tendency of the

-time series. In this connection, it is not justified to assert that the values of the variable

must be taken for time periods covering 6 months or 10 years or 15 years. Rather:we
must see that the values of the variable are sufficient in number. Thus, in estimating

'| trend, it is not the total time period that matters, but it is the number of time penods

for which the values of the variable are known., e .
g Lo '.r - n ) Fal )

| 5.5. SEASONAL VARIATIONS , . ,. -

' - B ’ . . I

.The seasonal variations in a time series counts for-those variations in the series

which occur annually. In a time series, seasonal variations occur quite regularly. These
variations play a very important role in business activities. There are number of factors
which causes such variations. We know that the demand for raincoats rises
automatically during rainy season. Producers of tea and coffee feels that the demand
of their products is niore in winter season rather than ih summer season. Similarly,
there is greater demand for cold drinks during summer season. Retailers on Hill stations
“are also affected by the seasonal variations. Thel.r profits are heavﬂy increased during
summer season.

~ = =Even Banks have not escaped from seasonal variations. Banks observe heavy
mthdrawals in the first week of every month. Agricultural yield is also seasonal and
80 the farmers income is unevenly divided over the year. This has direct.effect on
business activities. . _ -

" Customs and habits also plays an important role in causing seasonal variations
in time series. On the eve of festivals, we are,accustumed of purchasing sweets-and
‘new clothes: Generally, people get._themho_uses white washed before Deepawali. Sale

| figures of retailers dealing with fireworks immediately boost up on the eve of Deepawali

and in the season of marriages. -

- ‘The study of seasonal variations in & time series 1s also very useful. By studying
the seasonal variations; the busmessman can adjust his stock holding during the year.
_He will not feel the danger of shortfail of stock during any particular period, in the

;HY ear. ¥z ¥ « » %

The eyclical varnatlons In a time sertes counts for the swings of graph of t1me series

| about its trend line (curve). Cyclical variations are seldom periodic and they may or

may not follow same pattern after equal inferval of time. *
RN S 7T oa i . -
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In particular, business ahd‘-ecdnoinie time
series are said to have cyclical variations if these
variations recur after time interval of more than
one year. In business and economic time series,
business cycles are’example « of cyclical variations.
There are four phases of al busmess ,eycle. These
are;

I e - AL
{a) Depress_ion _ b Recovery
(x4
(©) . Boom . (d) Decline.
These four phases of business cycle follows each other in: this order.

(a) Depression. We start with the situation of depression in business cycle. In
this phase, the employment is very limited. Employees .get very low wages. The
purchasging power.of money is high. This is the period of pessimism in business. New-
equilibrium is achleved in business at low level of cost, profit and prices,

Analysis of Time Series

NOTES

: (b) Recovery. The new ethhrlum in the depression phase of a. cycle, last for
few years. This phase is not going to continue for ever. In the phase of depressmn aven
efficient workers are available at very low wages. In the depreesmn period, prices are
low and the costs also too low. These’ factors replaces-pessmmm by optimism. .
Businessman, with good financial support is optimistic in such circumstances. He
invests money in repairing:plants. New plants are purchased. This also boost the
business of allied industries. People get employment-and spend money 6n consumers
good. So, the ‘situation changes altogether. This is called the phase of. recovery in

, business cycle. -

ar

{c). Boom. There:is.also-limit to-recovery.-Investment is. rev:ved in.recovery-
phase. Investment in one industry aﬁ'ects‘mvestment in‘other industries. People get~
employment..Extension in demand is felt Prices go high.. Proﬁts are made. very. easﬂy
as boom i i ke T L a ¥ 1 . t

3 (d) Decline, In the phase of boom the business is over developed This is because: | * '
of heavy profits. Wages are increased and on the contrary their. efﬁmency decreases. ;
Money is demanded averywhere. This results in the.increase in rate of interest. In
other words, the demand for produetion factors i increases very much and this results-
in increase in their prices. This results in the increases in the cost of production. Profits
are decreased. Banks insists for repayment. of loans under these circumstances.
Businessmen give concession in prices so that cash may be secured. Consumers -start,

'expectmg more reductmn in prices. Condition beoome more worse. Products accumulates
with businessmen and repayment of loan does not take place. Many busmess houses
fails: All these leads to depression phase and the busmess cycle contmues 1tse]f. ‘o
fh The length of a busmess cycle is in general between 30 10 years Moreover the
; lengths of business cycles are not equal

t aw L - X = i 'f

' . i
i . 3 n ot M N *

~ 5.7. IRREGULAR VARIATIONS R C 5

2 . ®

The irregular variations in a time series counts for those variations which cannot -
be predicted before hand. This component is different from the other three components
n the sense that irregular variations in a time series are very irregular. Nothing can
be predicted about the occurrence of irregular variations. It is very true that floods,
famines, wars, earthquakes, strikes, etc. do affect the economic and business activities.

Self-Instructional Material > 85 *




Business Statistics .

NOTES

The component irregular-uariations refers to the variations in time series which are
caused du(; to the occurrence of events like flood; famine, war, earthquake, strike, ete.~

it ]

| 5.8. ADDITIVE AND MULTIPLICATIVE MODELS OF v

LE ' LT

DECOMPOSITION OF TIME SERIES °

Let T, S, C and I represent the trend component, seasonal component cychcal
component and megular component of a t.xme series, respectively. Let the variable of
the time series be denoted by Y. There are mamly two models of decomposltlon of time
series. ~ 3
i () Additive model. In this model, we have
Y=T+S+C+L 4
In this case, the compo:':lents T,S,Candl represeilt absolute values. Here S, C
and I may admit of negative values. -In 'this model,’ we assume that all the four
components are independent of each other,
(u) Multiplicative model. In this model, we have
Y=TxSxCx] -

§ In this case, the components T is in-abosolute value where as the components S,
C and I represent relative indices with base value unity. In this model, the four

Ea

_components are not necessarily independent of each other.

5.9. DETERMINATION OF TREND

Before we go in the detail of methods of measuring secular trend, we must be clear’
about the purpose of measuring trend. We know that the secular trend is the tendency
of time series to grow or to decline over a:long period of time. By studying the trend
line (or curve) of the profits of a company for a number of years, it can'be well.decided
as to whether the company is progressing or not. Similarly, by studying the trend of
consumer price index numbers, we can have an idea about the rate of growth (or decline)-
in the prices of commodities. - '

We can also make use of trend characteristics in comparing the behaviour of

{ two different industries in India. It can equally be used for comparing the growth of

industries in India with those functioning in some other country.

The secular trend is also used for forecasting. This is achieved by projecting the
trend line (curve) for the requu'ed future value.

The secular trend is also measured in order to eliminate 1tself from the given
time series. After this, only three components are left and these are studied separately.
The following are the methods of measuring the secular trend of a-time series:

(i) Free Hand Graphic Method o : - "
(¢i) Semi-Average Method '
(iif) Moving Average Method
{iv):Least Squares Method.
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5.10. FREE HAND GRAPHIC METHOD v e

This is a graphic method. Let {(Z;, y): £=1, 2 Lo n} be the given time series. On the
graph paper, time is measured horizontally, _whereas the values of the variable y are NOTES
measured vemcally Points (£, 3D (o ¥y v yh) are plotted on the graph paper.
These plotted points are joined by straight hnes to get the graph of actual time series
data. ’

In this method. trend line (or curve) is fitted by inspection. This is a subjective
method. The trend line (or curve) is.drawn through the graph of actual data so that
the following are satisfied as far as possible: .

() The algebraic sum of the deviations of actual values from the trend values is
Zero. . - )

(ti) The sum of the squares of the deviations of actual values from the trend
values is least.

(i) The area above the trend is equal to area below it.

(iv) The trend line {or curve) is smooth. .

Example 5.1. Fit a straight line trend to the following data, by using free hand
graphic method:

Year | 1980 | 1981 | 1982|1983\ <1984 | 1985 | 1966 |
Profitof Firm |, 20 | %0, | B i|i7a0 | Taz “| vho U s |
X(000%) . - I
Solution. et . oy, ‘«, "; P
L] [4 a " g P EEE— T Ty ” Tl
.* |, TREND BY FREEHAND METHOD | __ .
£ R oo ¥ P 2 o

3

ar?

&

Profit of Firm 'X.(,000 Rs.)
8 0w

v

Merits of Free Hand Graphic Method - S

1. This is the simplest of all the metheds of I'x:easu_ring trend.

2. This is a non-mathematical method and it can be used by any one who does
not have mathematical background.

3. This method proves very useful for one who is well acqﬁainted with the
economic history of the concern, under consideration.

4. For rough estimates, this method is best sutted.

e
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Demerits of Free Hand Graphic Method 4~ A

1; This method is not rigidly deﬁned
2. This method is not suited when accurate results aré desired. ;

3. This is a subjective method and can be” aﬁ'ected by the personal bias of the-:
person, drawing it.

. -
EXERCISES5.1 | . °
"1 Fita stralght line trend to the following data by using free hanc; graphic method: |
* [ Yeor [ iseo | 1993 | 1094 | 199 1996 | 1997
, | Profitin®,| 27000 | 28000 | 30000 | 85000 42000, | 40000

2. Fit a straight line trond to the following date by using free hand graphic mqthdrti:

-

Year | 1992 | 1993 1994 1995 1996 | 1997 | 1998
. 10 8 = 7 15 16 25 4oL 30
5.11. SEMI-AVERAGE METHOD « -

This is a method of fitting trend line to the given time series. In this method, we divide
the given values of the variable (y) into two parts. If the number of items'is odd, then
we make two equal parts by leavmg the middle most value And in case, the number of
items is even, then we will not have to leave any item. After making two equal parts,
‘the A M. of both parts are calculated.

On graph paper,-the graph gf actual data is plotted. The A_M of two parts are
considered to correspond to the mid-points of the time interval considered in making
the parts. The points eorresponding to these averages of two parts are also plotted on
the graph paper. These poinis are then joined by a straight line. This line represents

| the trend by semi-average method. From the trend line, we can easily get the trend

values, This trend line can also be used for pgeﬁgt_ing the value of the variable for any
future period.

Example 5.2. Fit a straight line trend to the following data by using semi-average
method :

Y

Year 1981 | 1982 | 1983 | 1984 | 1985 '|-'1986 | « W
Costof Living | 100 | 110 | 120+ | 118 | 130 | 158 |°
* | "Index No. v -1 ‘ I
0 r » g1 o4 . ~
e a, Lou !’ Y oy s >
P
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¥ . | ‘
; Solution. Trend Line by Semi-Average, Method - ~ ¢ Analysis of Time Series
}. R AT T L] L L3 ; ?
' Year Cost of Living Index - Year Cost of Living Index _
1981 100 Yoo |m 1984 Y[R 1181 t
' 330 | a0 NOTES
1982 110 —3— =100 ¢~ u;1985 | re130 3 =135.67 1
1983 [ 120 1986 |, v 159
t H . 1 — 1
160l  TRENDBY SEMILAVERAGE METHOD | g
g 1501
z
X 140
2130
r 2 Aol =
o T -
w5 110
= 1 %100 -~ _
' + A & ] | v
! :
- * ! 0 e -1 >
_ 1981 @2 sa B4 85 .86 .
;_, :14 PP i N Y Yeal"ﬁ [T B A i
: % Example 5.3, Fit d'straight {iné"aenq-by lising the following data:
1 - t « = . T < & B I ' T
Year . ~ ]98] 1882 {-198% —| -1984 1385 1986 | -1987
Profit(o00y” | 20 |"T2¢ 27 T 26l s0l]| 29 |, 40
v .Semi‘average Method is to be used. Also eslimale .',he proﬁt for. the yéar 1988,
‘Solution. Trend Line by Setm-Average Method- h w
. ( '4 N ';
Year’ - ;;Prqﬁt (0003, Year Frofi (’oao %)
1981 20 = 11985 e- 30
69 99
| 21982 | e 22, I 23 e 1986 e |- 29 -t =33
’E ’l‘.l L s I? . ;n.’- (&‘
1983 217 24 1987 ! 40 =
= T o i g 2 Lo e e | R R aems S e TRy .
. 1984 26 .
B e H " Lr 3 -k
. . 40'" TREND BY SEM-AVERAGE METHOD .
| 37
| 35 ”
B 3
i g™
| £ 25 ‘
| 0 4§ PR
| W 1'% 20
| I3 " p I
0
: s s 1981 82" ¢ 83 84 -85 86, B7. .B8
3 $ 4 P I.._Baj,_s_ a h
o “The estimated profit for the year 1988 is T 37000.
| - Self-Instructional Material
|
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»

Merits of Semi-average Method A P

1. This method is rigidly defined.
2. This method is simple to understand. 5

Demerits of Seini-average ‘Method

1. This method assumes a straight line trend, which is not always’true.

2. Since this ‘method is based on AM all the demerits-of AM. becomes the
demerits of this method also. a2

EXERCISE 5.2
1. Fit a straight line trend for the following data, by u.sing s;em.i—average method:
Year 1990 1991° 1992 1993 | 1994 1995
Profit 80 82 85 . |, 70 89 | o5
(000 7) ~ - .
2. Estimate the pm;iuction for the yoar 1:987, by using aemi:ﬂ;!arag; method:
Year | 180 |, 1081 | 1982 | 1983 | 1984 | 1985 .| 1986
| Production | _ 50 10 45 | 8 | 75 70 1 72
'S, Apply the mathod ;f gemi- averages fm: dateri;ining tr"o_n'd of the following 'd;-xta :;.nd
.  estimate the value for 1990: ,: H_, - oL

© | Year(Marchiending | 1983 | 1984’ | 1985 | 1985 | 1987 | 1988

_ Sale(in 000unils) | | 20 | 24 | 22 30 | 28 | _=82

If the actual figure of sale for 1990 is 35000 units, how do you account for the difference
between the figurs you obtain and the actual figure given ta you. ., s

.

5.12. MOVING AVERAGE METHOD

Let {(¢, y): i= 1,2,....., n} be the given time series. Here ¥1> Yo ooy ¥, Are the values
of the variable (y) corresponding to time periods ¢,, Lo e , , respectively.

We define moving totals of order m as y, + y, + ...... AV Yoty t
t Ve Yoty b ¥ Fmagr oo

The moving averages of order m are defined as -
) y1+y2+....+,z,_,“ Yo+ ¥yt +¥ms1 Yo tYetuntVpao .
— , — , o o

Fl

These moving averages will be calied m yearly moving averages if the values, g

¥ ¥ o ¥, 0f ¥ are given annually. Similarly, if the data are given monthly, then the
moving averages wlll be called m monthly moving averages.

In using movmg averages in estimating the trend, we shall have to decide as to
what should be the order of the moving averages. The order of the moving averages

- e
[ i
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should be equalto the length of the cycles in the timé series. In case, the'ordeér of the
moving ‘avérages is- given in ‘the problem itself,-then we shall use that order for
computing the moving averages. The order of the moving averages may either be odd
or even. v BET AP ¥ 1 v 25

Let the order of moving averages be 3. The movmg averages will be

Yty tys  Yat¥st ¥ y3+y4‘+3’5 yn 2+J’n 11t ¥
3 LN 3 ¥ 3 yrrrny 3 .
These moving averages will be considered to correspond to 2nd, 3rd, 4th, ......
{n~- Dth years respectively.

Similarly, the 5 yearly moving averages will be : i
YitY¥atYat¥st+ ¥ Yot + ¥ ) y,',-_4+...+yn.
5 SR S 5 " +

These 5 yearly moving averages will be considered to correspond:to 3xd, 4th,
.. (n — 2th years respectively. These moving averages ate called the trend
values

Calculation of trend values, by using moving aversges of even order,is slightly

complicated. Suppose we are to find trend values by.using 4 yearly moving averages.

The 4 yearly moving averages-are: * = ' .1, Lo 2

C e LR Ve, Y2t # Y4 +y5 T Ya-gtYn_atYa-1+Ya
o 4 4 0T ’ 4 . ’

_These moving averages will not correspond to time periods, under consideration.
The first moving average will correspond to the mid of ¢, and ¢,. Similarly, others.

&
L}

f

have to resort to a process; called centering of moving averages. There are two methods
of finding centered moving averages. Suppose we are to find 4 yearly centered moving
averages for the times series:

£ 4 g
A~ N {(“i’ y,.)}: i=1, 2,(.‘.....,_?1}. o}
¢ , T ’ [
Method I # « o :

[ ¥

In thlS method, we first calculate 4 yearly movmg totals from the given data Of these

.'4 year.moving totals, 2 yearly moving totals are computed. These'2 yearly moving

‘totals are then divided by 8 to get 4 yearly centered moving averages. These centered

moving averages will corresp_ond to'3rd, 4th, ..£. (n — 2)th years, m the table.
£} F ] w-t&
< 3

Method Il )
' r

In this method, we first calculate 4 yearly moving averages. The first 4 yearly moving
average will correspond to the mid of 2nd and 3rd years. Similarly, others. We now
calculate 2 yearly moving averages of these 4 yearly moving averages. These averages

-

will be 4 yearly centered moving averages. These averages will correspond to 3rd, 4th, !

...... , (1 — 2)th years, in the table.
+»It may be carefully noted that the centered moving averages as calculated by

using these methods will be exactly same.” ' ketn -
?

e POy -

WY '%

-

i

In order.that these moving averages may correspond to original periods; we will

Analysis of Time Series

NOTES
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Business Statistics In the moving average method of finding trend, the moving averages will be the,
trend values. These trend values may be plotted on the graph. The graph of the trend
‘values will not be a straight line, in general. & { - -
: Example 5.4. Compule 5 yearly, 7 yearly and 9 yearly moving averages for the
NOTES following time series: « " .
- Year Value of the Variable | Year | Valie of the Variable
- 1955 L8 1965 "9 L.
1956 10 1966 i 1
1957 11 1967 13,
1958 10 1968 1T " 9
1959 10 1969 i 10 =
“1960° ¢ 9 1970 A 8
1961 9 11971 i,
1962 : . Y 1972 s 9t |
1963 7 1973 12 >
' 1964 9 . 1974 * 1
Solution, Trend by Movmg Average Method- )
Year | Valueof the|.5 Yearly| 5 qurly .7 Yearly'| .7 Yearly }|.'9 Yearly. |9 Yearly.
Variable. m.1. m.o. nt.l. m.a. m.t, m.a.
'1955- . a 8 . i H —_— L i —_— oy — 4 — 3. —
1956 ‘% 1o me ) _F | ey L it
~1957° [ ~11 49 | 98 * — e ) b -
‘w%1958 1 Y 10 50 | 10 =67 987 ¥ — 2 .
59 | 100 |49 | 9s 70- 10F '™ 85 | g4
1960 9 49 9.8 67 s957 =7 88t (7% 9.55
1961 9 46 9.2 65 *? 9.29 85 9.44
. 1962 1 . 45 9 64 914 | 85 9.44
1963 7 ] 45 9 | 65 9.29 88 0978
1964 9 47 94 | 69 9.86 87 9.67
1985 |. 9 't 49 3| o84 89¥ 986 | 88 9.78
> 1988 | 11 © 51 102 <[ 68 | 971 87" 9.67 -
1967, {13 52 | 104 - 69 '9.86 BT = 9.67
1968 9 51 10.2 71 |« 1014 89 9.89
1969 10 51 10.2 71 | 1014 92 10.22
. 1970 8 47 9.4 72 | 10.29 94 | 1044
1971 11 50 10 70 10 — -
1972 9 © Bl g, 10.2 — | == - —
1973 12 — — _ — - —
1974 1§ I I — _ A
Example 5.5. Following ﬁgures relate to output of cloth ¢ ina factory (output in
lakhs of metres) AN
. {| Year | 1967 | 1968 | 1969 | 1970 | 1971 1972 | 1973,| 1974 | 1975.| 1976

Oulput 72 68 64 60 68 72 78 76 | 72 68
Calculate 4 yearly moving averages.

2 Self-Instructional Material




Solution. Trend by Moving Average Method Analyxis of Time Series
Year Ouipui 4 yearly 2 yequj moving lolal | 4 yearly centered
g o moving lolal * of column 3 moving average _
1967 72 s - ’ — — NOTES
‘1968 |} 68 ' — —
264
1969. 64 . - 524 65.5
s ; . 260 ;
1970° 60 624 65.5
. o i 264
1971, 68 P 536 ’ 67 :
. 272
1972 T2 560 70
. . 288
1973+ T2 . - 680 72.5
: S 299 .
1974 76 ' 580 72.5
N - “ . 288 - : .
1975 72 . s—s -~
- iy : - ~ ¥ v
1976 | 68 w — v ;
¢ — S K . :
- e . L
Merits of Moving Average Method . »

L]

g 1. This method ‘i rigidily defined, so it cannot be _aﬂ'ected._-by the personal
prejudice of the pereon'computing it.. ' .

2.'If the order of the moving averages is exactly equal to the length of the cycle
in the time series, the cyclical variations are e].l.mmated.

"

3. If some more values of the variable are added at the end of the time series,

A

the entire calculatmns are not changed

averages L
. - - Ty
%

g

Dements of Moving Average Method

L ¥
1, Movmg averages are- strongly affected by the presence of extreme items, in

the series, t

2. It is difficult to decide the order of the moving averages because the cycles in
time series are s seldom regular in duratlon

L

"
- 4. This method is best suited for the time series whose trend is not linear. For
such senes the § general movement of the variable'will be best shown by movmg

*

ALTE

- . -

e

t -
3

~—

L]

s T

]

3.In thls method we lose trend values at each end of the series. For example, if
the order of the moving averages is ﬁve, we lose trend values for two years at each end
of the series, = 3 e

4. Forecasting-is not pees1ble in this method, because we cannot objectively
project the graph of the trend values; for a future perlod. s

3
>
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1.

Find trend values for the following d&}ta, by uiing'3 yearly moving ave;'ragesﬁ
Wl . ! ; ,

. 4y

{ EXERCISE’.3*

Year Production Year Production

- (Iﬂkh ton'nes) £, (Iakhtomtes)
.3 1973 N 17.2 1981 b 253
- 1974 17.3 t 1982 24.9
* 1975 17.7 1983 232
1976 18.9 1984 24:3.
1977 o 19.2 _ 1985 252,
1978 19.3 ¥ 1986 - 26.3
1979 18.1 - | 1987 27.3
¥ 1980 20.2 1, ’

2. Calculate a 7 yearly moving average for the followlng data on the number of commercial
and industrial failures in a country during 1929-44;

L3
L]

e Year™™ No. of fatlures 7 Year No. of failures
1929 23 Llw.~Y193797 » ¥~ 430 "%
1930 ' 26 . 1938 .13
i i 193]} % . § 1t 28 L |eet {i 939 a|# .‘ll B
1932 32 ~ 19407 X VR
) 13 %0y y‘{_LSS‘S va |,y 20. A w--1941 37, g 12
1934 127, | w192 4 o 2 .
1935 12 1943 o :
In|HIEY 1936 ¢ o 10° LA WCE B 1044 L V| M w *'1
BT ¥ ™
8. Work out the centered 4 yearly moving averages ft;r theifo]lowmg data
S TIE SR TR0t L S Tl ay, x4, sk LY .
way 9| § <Year~ «f |. s -Tonnageof % | ¥uysYear { wn[q Tonnage of ",
: cargo cleared ' cargo cleared
1957 1102 1963 1452
1958 1250 w41 e3l9%64 Agadle W15497 0.7
1959 1180 1965 1586
- : 2 o a d - +a
! o960 ‘14400 ¢ 1066 T 1476
1961 1212 1967 1625 » °
~ 1962 & nl3l7T  +YgayL . 1968 bo 91686 %
t 3

- - : e R TE L A ey Ma e F o
4. Obtain the trend of bank clearances by the method of moving averages (assume a five

fr

£ yearly.cytle): o aay Ty el L G 2oEE g
¥ v ddapc @ 2w T TEIL EREEE N L N I
Year 1951 1952119853 (1954|1955 )|1956 1857 | 1958 (1359 1960}1961 (1962
#2147 Bank Clearance EU I B et * 3 [T 1 I ’_'-v.. L I AT A
(zn crores of 53 |79 |76 | 66,| 69 | 84 [105| 87 [ 79 (104 | 97 [ 92
rupees) TS L PR - | ' v | e

Find the trend values for the t"o]lowing data, by using 4 yearly moving averages:

_ Year ‘ 1980 | 1981 | 1982 | 1983 | 1984 | 1985 | 1986 | 1987
Sale (in lakhs | 20 22 25 24 26 30 35 40
of rupees) ’




6.1. Calculate trend from the following data by using four yearly moving averages:

Year l Production Year ” Producftion

1 52.7 8 87.2
. 2 79.4 9 ' 79.3
'“ .7 3 T6.3 10 . 103.6
. 4 66.0 ‘ 11 | . o3
, , 5 . 688 12 924
6 P 93.8 = 13 100.7

T 1 104.7

S
Answers

. "17.4,17.967,18.6,19.133, 18.867, 19.2, 21.2, 23.467, 24.467, 24.133, 24.233, 25.267, 26.267
21.857, 20,.17.571, 15.429, 12,429, 11.571, 11.571, 11.143, 10.143,9
. 1256.75, 1278.875,'1321.25, 1368.875, 1429.25, 14?5.875. 1537.375, 1563.625

1
2

‘'3

4. 686, 76.8, 82, 84.2, 868,938,944, 918 .,

5

6

L Ly

23.5, 25.25, 27.5; 30.75
70.59, 74.38, 79.73, 85.93, 89.91, 92.48, 9278, 92.50, 95.82

=

5.13. LEAST SQUARES METHOD

This is a mathemetical method. Let {(¢, ¥):i= 1,2, ......, n} be the given time series. By |
using, this method, we can find lmear trend as well as non-linear trend of the |

2

correspond.mg data.

! In this method, trend values (v, of the variable (y) are computed so as to satisfy
. the followmg two conditions:

() The sum of the deviations of values of y (= y,, y, ...... , ¥,) from their
corresponding trend values, is zero, i.e., Zy —y) = 0.

(it} The sum .of the squares of the deviations of the values of ¥ from their |

correspond.mg trend values is least i.e., Z(y — ye)z is least.

4

On t.he graph paper, we shall measure the actual values and the estimated

N

“values (trend values) of the variable y, along the vertical axis. Let x denote the deviations |

of the time periods (¢, by e £) from some fixed time period. The fixed time period is
called the origin. :

5.14. LINEAR TREND

iy

From the knowledge of coordinate geometry, we know that the equation of the required
trend line can be expressed as Y »

y,=a+bx, L

where a.and b. are constants:: We have already uieqtioned that our trend line will
satisfy the conditions:

'
X -y)=0and (i) Ty —y,)? is least,

Self-Instructional Material
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. ‘Business Stalistics In order to meet these requirements; we will'have to use those values of ¢ and b

in the trend line equation which satisfies the following normal equatmns

Ty =an+blx e -

Txy = Iy + by . !

L
. ...{2)

In th'fé equation y, = @ + bx, of the trend, a represents:the trend value of the
variable when x = 0 and b represents the slope of the trend line. If b is positive, the
trend will be upward and if b is negatwe the trend of the time series will be downward.

NOTES

v It is very important to inention the origin and the x unit with the trend line
equation. If either of the two is not given with the equation of the trend; we will not be
| able to get the trend values of the variable, under constderation,

Example 5.6. Calculate trend values by the method of least squares dnd estimale

sales for 1983 _ Ty
Year -« | 1875 |. 1976 1977 1978 1979 1980 | 1981
Sale (3)- 800, 900 . 920 < 930 940 - 980, 930
Solution. Trend Line by L_easi; Squares Method
S.No.| Year | . Salesy {:x=year- 1976 | o ) ay . y =a+bx
1 1975 “800 -1 1 | —800 | 873.572+20.357 (= 1)
o . - e = . v | . =858.215:)
2 *| . 1976 900 0 “3lp 0 |1, JOL| “.873:572+20.357(0)
& e —_ St I e S R e B R =873.572
Ny 3 ale 1977 |, -920 14 1 920 | . 873.572+20.357(1)-|
1t 1 ‘ . . 4 ' a —893_929 .
4 1978 |. 930 2 4 1860 873. 573 + 20.357(2)
b . = 914.286
Y b A Y o o
“57 | ‘1979 940 wge O 9 | 2820 873.572 + 20. 357(3)
e froe e d Sesqeds:
' ‘j{ ] l..t k = i E i 8 i e - LE, ;i", L » =
, 6 1980 980 4 4 16- | 3920 | .873.572.+20:357(4) |
| 3. 5 Ay i w o Ko7 . o= 9565000
. 5 BT IR 5 ,
, BT 1981 930 5 25 | 4650 BT3¢ 572 4 20, 357(5) ‘
I * i e Hle Tl g 975 857,

The normal equatlons are:

Sylen+bze T T
and = - e Xy = QX+ DIAE e

e Dy + > 640057a+ 14b I

LY

SERTT R —_—

;: -3 1_(?

TEL M e S em

L?';/ - u

* TE

13370 = 14a + 56b vt s v Yy .

12800 =.14a + 28b as .

S @-(5) %570=28p & T 4= b= 570/28 =20.357. .
L () = 6400 = Ta +14(570128) = a=86115/1=873.572,

The equation of thé trend line is ¥, = 873.572 + 20.357x, with origin 1976
and x unit = 1 year.

=
=

2
3 x2
=
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: - 2o g . ~ L e .2, . L] I
', Total | 6400 |, 144 186 {18370 || T T en gl

‘Let.the equation of the trend line by y, = @ + bx. oo :




.y A

b il

= For 1983, == > .x=1983-1976=7.% 1~
SF 4y, (1983) = 873.572.+(20.357)7 = T 1016.071.
1< 'In the above two examples, we have seen that no particular rule is.applied in
chooemg the ongm It is generally observed that the time periods in the time series

are of uniform duratmn If this is 50, we prefer to take the origin in such a way so as to
make Zx = 0.

¥ If the known valuee of the variable are odd in number then we take the middle
most time period as the origin. This choice would make Zx = 0.

If the known values of the variable are even in number then we take the AM.of |-

the two mldd.le most time penods as the origin. Here also, this chmce of origin would
make 3x=0, °

_Iffor a time series, the origin is chosen 50 that Zx =0, then the normal equations
reduces to ‘

J""zy = an +*‘?(|] and z%y = q:'vo + bZ‘xz
T = N Ey - - zxy -

as— and =— .
n - rx?

« In practical problems, we prefer to choose origin in such a way that Zx=0. This
will facilitate the computation of constants a and b.

Example 5.7. Below are given figures of proditction (in '000 tonnes) of a sugar

factory: R
L0 .
Year | 1981 1982 1983 1984 1985 1986 | 1987
Production | = 80 90 92 83 94 99 .92

Find the slope of a straight line trend to. these ﬁgures by the method of least
squares.(Plot the trend values on the graph). -

Solution. Here the number of periods is equal to seven. Therefore, we shall
take 1984 (the middle most period) as the origin. %

+
Linear Trend by Least Square Method

Bz

8. No. *Year | - Production x = year'-'1984 «* Xy
- . ¥ (in 000 tonnes) | .

1 1981 - 80 -3 9 - 240

2 t o182 90 o 4 180
e o S S R B
4 1984 83 _ 0 .0 0

5 1985 94 1 1 94

8 1986 99 2 4 198
LT 1987 92 3. 9 sf u276
- BTotal? | 1 630 0 28 56

Let the equatlon of trend Line be y =a+bx
‘"The normal equations are:

< Sy =an + bZx ’ ! (1)
and N Txy = qZe+ bEal D)
1 = 630=Ta+b0 = a=90
@ = 56=00+28 = b=2

Analysis of Time Series

NOTES
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The equation of trend is y, = 90 + 2x,-with origin 1984 and x init = year.
The slopeof thestraight’line trend is 2. This represent the average rate of

increase of y w.r.t..time. The graph of the trend values is same as that in example 5.1,
NOTES Example 5.8. Find the trend ualues for the foliowmg serws by the method of
i least squares: .
Year 1976, | .1977 1978, | 1979 1980 4| 1981
Production 7 10; " | % 120 | 14, 5s 17. F24 .
(in crores kg) i _ ) 1 - -
B . _ 4 T : T 3 . . ,‘;__ .
' Solution. Here the number of periods is equal to six. Therefore, we take
ﬂ;-lﬂ =1978.5 as the origin. Let y denote the variable ‘production’ (in crores kg)’.
. EEN
Trend Line by Least Sqrii;'res'Method
) S. No. Year &, ,. ¥ X = year — IS??._-'S ) 2 xy
1l s 1976 P 7 cod =25 w 74625 -17.5
2 1977 10w s |x 15 1 ¢ 225 -15
. L 3% 1978 12 - 105 1oy 025 |, =86
4 1979 14 0.5 0.25 T
. b5 1980 17 1.5 ~ 225 - 25.5 -
n=6 | 1981 24. | 2.5 . 825 .60 !
Total T8 0 1 17.50 /54
-*  Let the equation of trend ling be y,=a+ b:jc(._ ) . Ed i ,
; The normal equatlons are: h .
- ’ Zy=an+bix . y ¢
and Z_xy—aﬂr+b2x2. (2
P ¥ 3 LI
: = - = T84 “
O = 84 = 6a+b(0) = e= o= £
i - -
- ,.,;\_\'_ . - .-J } ' 54 .
v L, @ = 5d=a(0) + (17.5) - = b= '17—5 = 3.0857.
) The equation of tren('i_ line is y, =14+ 3.6857.1:, with origin 1978.5 and x unit
= 1 ye&l‘. : r - t
Trend Values
For 1976, ==25 ¥, (1976) = 14 + (3.085T)(— 2: 5) 6.2857
For 1977, x=-15 ¥, (1977y= 14+ (3.085T}- 1. 5) 9.3714
- For 1978, =~ x=-05 ¥, (1978) = 14+ (3. 0857)(— H 5) 12.4571
For 1979, x=05 Y, (1979) =14 + (3 0857)(0.5) = 15.5428
For 1980, x=15 y, (1980) = 14 + (3.0857)(1.5) = 18,6285
For 1981, x=25 y, (1981) = 14+ (3.085)(2.5) = 21.7142. .,
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Example 5.9. Below ore g‘wen ﬁgures of productwn (in thousand tonnes) ofa
sugar factory

Year 1976 | 1978 1979 | 1980' | 1981 | 1982 | 1985

— 8 —

Production |~ 77 88 ;94 |, 85 91 | 98 %0

Fu a straight Line by the least squares method and calculate the trend values
Solution. We define .x = year — 1980 and y = production.

Trend Line by Least Squares Method ) =
S. No.- Year - i ¥ | = year 1980 2 < - Xy
1 976 | 17| -4 16 * 308
2 5 1978 4| .88 -2 4 —176 °
3 1979 94. 1 1 -9
4 .1980  |* 8 o | L0 0
5 1981 © 91 1 . 1 . 9
6 1982 98 2 4L 1%
n=7- | 1985 |- 90 5 25 450
) T T ees 1, =m 159 |
« Let the equation of the trend line be yo=a+ bx. wh o0
. The normal equations are: T e
Ty =an+ bEx o , LD
and . T Xxy=a£x+b2t2 _ _F g {2
N = §628=Ta+b i , 3
1. @) = 159=a+51b n )
L @x1" = 1113=7a+357b . _— .5
R O T N T e A
- - 490 = - =—-=1376~ -
i (5) ,,(3) = " 20 356b o= 356 3 376

-

W@ T T a=169-51b=169- 51(1 376) = 88.824.,
‘The equation of the trend line 13 ¥, = 88 824 +1 376x thh ongm

S

= 1980 and x umt 1year. o7 Ea R ¥ -
Trend values a ot " — u: — e e "o BT
For 1976, ., x=-%. ; - ,(1976)=88.824+ 1.376(- 4)='83.32
For 1978, © «x==2 oo ¥, (1978) = 88.824 +.1.376(- 2) = 86.072
For 1979, x=-1 =0y, (1979) = 88:824 + 1.376(- 1) = 87/448
. For1980, ~ x=0. "3 . y/(1980)= 88.824 + 1.376(0) = 88.524
For 1981, =1 =~ y,(1981) = 88.824 + 1.376(1) = 90.2
For 1982, - " x=2  _ _ - y,(1982) =88.824 + 1.376(2) =91.576
For 1985, x=5. o -y, (1985) = 88.824 + 1:376(5) = 95.704.
. e -
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EXERCISE 5.4 sor
™ Fit a straight line trend by the method of Least Squams for the following series:
®> | YeaF | 1981 | 1982]| 198;_' -3'1'984_ | 1985 1986
Production | 7 » |v%,17 | 12 |- 19 22 | .27

2. Below are given the prodizction (thousand quintals) ﬁgures “of a sugar factory. Fit a
- straight line by Least Squares method and tabulate the trend values:

~ Year 1972 | 1973 | 1974 |97 | 1976 | 1977 | o718
| Production™|  "12 107 1 o 13 15 16
3. Find out trend values by the method of Least Squares for the following series:
Year 1980 1981 1982 4| 1983 . 1984 1985
Production | 7 10 12 7| 1 17 “24
{in lakh units) .
H

4, -Fit a straight lma trend for the following series by the method of least squares. Also
* estimate tha value for the year 1993:

- Ly - -

Year 1984 1985 | 1986 |-fioe7 | “1e88 B| 1389 |* 1390
" Output 125 128 133 135 *|7 140 ‘141 ' 143
6. Compute sscular trend:by least square metl}{od fro"m“the‘;fo{.lowing_daté: e
& “Year 1970 | 1971 | 1972 |é1973 | 1974 | 1975 | .1976.
. Supply 23 25 26 |24 | i25 29 [ 30

'6. Your are given the annual profits (in 000) for & cortain firm for the years 1982-1988.
Make an estimate of profit for the year 1989. You may assume lmear trend in proﬁts

Year 7| 1982 | 1988" | 1984 | 1985 | 1986 | 1967 | 1988
Profit (in000%) 1} 60 | 72" [s7s- .ves [Tmo-c| d5 [ 95
Pin i F% 7T L & ¥ adoe oL SR Y
7. Explain clearly what is meant by time series anlysis. e o s e E
The fellowing are the figures of production (in thousand tonnes) of a sugur factory
o el
| Xear - L 1941 |- 1942 . 1943 | 1944 | - 1945
e | P""d‘“”_‘i"" L 9. | 8 s} 9
3 Fltaatralght line by the least squares method. 1 T
8. The sales figums ofja company in Iakhs of rupees for the.years 1974-1981 are given
below: -
B _'.r PSS . . L I

Year | 1974 | ,1975 | _1976 | 1977 | 1978 | 1979 | 1980-| 1981
Sales | 550 1¢-560, [-..555 | 585 | 540 | 525 |p545 | 585

Fit a linear trend equation and estimate the sales for the year 1973,

100 Seb"-lmﬁuctional Material
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9. Calt_::llate trend values from the following date by applying the method of least squares: Analysis of Time Series

D A

: ’ T . . . ] e v " -
? Year 1973 1974 1975 1976 [ 1977 | 1978 | -1979
| Sales 20 23 22 |- 25 | 26 | 29 | a0
| (in crore rupees) . o NOTES
10. Fit a straight line trend by the least squares method for the following data: I
Year 1951 1961 197 | ey 1991
5 y 34 50 87 75 86
: ~ e
Estimate the value of y of for the year 2001, .
, Answers : o
1. y,=512+349« where origin = 1981, x unit = I year oI

.2 .y, £ 13+ 0.75 x, with origin = 1975 and x unit 1 year, Trend values are 10.75, 11.5,
1225 13 13.75, 145 15.25
3. Trend values (in lakh units) : 6.2857, 9.3714, 12,4571, 15.5428, 18. 6285 21 7142

%

4. y,=136+381x where origin = 1987 and runit=1 year; 153.6 L.

6. y,=26+x where origin'= 1973 and x unit = 1 year™ . "
6. ?95428.40 - R _5-1,_ v -

7. ¥, = 878+21x,whereongm-1983andxumt-lyear “T L

8. y,=565. 625 + 0.4167 x, where origin = 1977.5 end % unit = 1 year. y, (1973) = 553 7498
9, -90.071, 21.714, 23,357, 25, 26.643,'28.286, 29.929 ; estimated value for'1982 = 34.858
10. y,=62.2+1.27 x where origin = 1971 and x unit = 1 year, 3, (2001) =100.3 "%

s " . LI 3 N '! i i

-~ - ?

5.15. NoN-uNEAR TREND. (PARABOI.IC) o -

BT

There are situations where lmear trend is not found Suitable. Linear trend is suitable
when the tet__ldency of the actual data is to move approximately-in one direction. There
are number of curves representing non-linear trend. In the present section, use shall
congider parabolic trends. Parabolic trends will give better trend: then the straight
line trends. : t 3 .

| Let {(t, y): i=1, 2, ......, n} be the given time series. Let x denote the devmtlons
il of the time ‘periods (¢, £, ......, t,) from some fixed time period, called the origin. Let Y,

denote the estimated _(trend) values of the variable: b N .
Let the equation of the required parabolic trend curve be
y,=a+bx+cx? 1 T
where, a, b, ¢ are constants. This trend curve \yill satisfy the conditions:
N Zy-y)=0 v e 7
(@) 2y —y,)* is least. .

In order to meet these requirements, we will have to use those values of ¢, band
¢ in the trend curve equation which satisfies the following normal equa.twns

Iy =an+ bix+ iy’ - L)
Zxy= a&a:+bzx2+c2x2 . - (2) -
Zrly=oZet + BEC + eIt o (3 :

Here also, it is very unportant to mention the origin and the x unit with the
_trend curve equation.
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' There is no specific rule for choosing the on‘gih. But if wé manage to choose the
origin so as to make Zx = 0, then we shall be reducing the calculation involved in
computing @, b and c. In'case the time periods ¢, &,, ...... ¢, advances by equal intervals

“and Zx = 0, then we will also have-Zx® = 0. Here,-the norial equations will reduce to:

Zy=an+b0+cla? -
Zay=0.0+ b2 +¢.0
‘ Sx?y=aZx®+ b .0+ cExt

or _ Iy = an + cXx? {19

Exy = hZx? (2

= aZa? + cZrh. | ’ (3

2) = b= nyﬁ.‘.xz The values of @ and ¢ will be obtained by solving the
equations (1) and (3. L

Example 5.10. The following table shows our urban populatwn as percentage
of total population (1921-1961): .

k]

Census year 1921 1931 . 1941 - 1951 |- 1961

% of total population | 114 12.1 13.9 17.8 . 18.0

Compute the second degree trend equauon for the data given above and from the
equation obtained, determine the trend value for the census year 1991. o

Solution. Here the number of periods is five. Therefore, we take 1941 as,the

origin. - . . p

Let v denote the variable “ % of total population”.

"Q“;"!‘*—-____:_.

- ‘Second Degree Trend Equation by L;;st Sqnareg__hl\_d:etho_:! -

-8 No: |=Year |- y | x x| x’_'“ - :r.y;m?
1 [ 1821 [ t11.4 | =20 400 |'—8000¢ | 160000 {228 [ 4560
2 1931 12.1 ~10 T700 -wdnm 1000 10000 | ~121 | T216cly,
3 o1 | 138 | o |. 0 0 0 0 ’
<4 1951 | 17.3 10 | - 100 1000 10000 173 | 1730
n=5 | 1961 18.0 20 400 8000 | 160000 360 | 7200
‘Total | 127 0 | 1000 0 .| 340000 | 184 (14700
Let the second degree trend equation be
¥, = a+bx'+ cx?,
The normal equatmns are:
Iy = an + bEx + cZx® _ (1)
Ty = aZx + bEx? + ¢k - (2
= g3x% + bEx® + cZat, : ) (8
or 72.7=5a* b.0+ 1000c - ~
3 184 =a.0 + 1000b + ¢.0
14700 = 1000a + 5.0 + 340000¢
or 72.7 = ba + 1000c : - (@)
‘ 184 = 10006 . )
14700 = 1000a + 340000c " ()
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N EXERCISE 5.5
1. Find the equation of parabolic trend of second degree ta the following data .
Year ;1980 '1381- . 1982 (1983 © | 1984¢.].1985, | 1986
Outstanding loan . . . x x ;
of company X' 83 60 | 54 |y 21 22 13 T 18
i¥ . (m thousand ?) = - | RSN ol - LR
2. Fit a second degree parabohc trend to t.he data given below e & LS E
, Year 1982 ,_1_9_33_ : ,""“ Toss | ,1985 1986
!:‘ . Va’:'b.ble -F . 7 .. 85'9?\- Ja oo % 10 TR __ . 15 * v ™ ‘3120 i

(5) = - b=1841000=0.184 -~ & ;
(@ x200 '= 14540 = 1000a + 200000c = - D
@ - = 160 = 0 + 140000¢ = ¢=10.001143
@ = T27=5a+ 1000 (0.001143) = a=14.3114,
e -+ The required equation of trend js - e — -~
= 14.3114 + 0.184x +70. 001143x2 ‘with origin = 1941 and x unit
=1 year = —_ . - T @
.+ For1991; £=1991 - 1941 = 50.- T '

¥, (1991) = 14.3114 + 0.184(50) + 0.001143(50)2 ='26.3689. T

& The estimated percent of urban population for the census year 1991
= 26.3689%. ! "

8. The following are the productaon figures of an alun:m:uum plant for'the years 1990 to s

2002: , ., . o AT ageopd " !
1
Year Pmduﬁ:tior}_'{‘ d ! Y Year T ¢ Production l
(in ‘000 tonnes) Wil - (in ‘000 lonnes) R
1990 1=« 127 2| * 19973 21 |
1?9_1 % 20 <fm 1998 30
1992 ,. [ %~ 10 j 1999- 35 1,
1998 11 |, 2000 o 40,3
1994 12 2001 . A
. 1995 , 18 | 2002 ——
‘ . .1996 10 .
T : . - P -
(i) Find the equation of parsholic trend. - -
“ (if) Find the trend values for the years 1990—2002. 4

(ii) Plot the original data and trend values on a graph paper.
(iv) Estimate the production figure for the years 2003 and 2004.

-Answers o tea

1. ¥, = 30 —12x+ 2x% where origin = 1983 and xunii;‘;'!li-yéar. *
2. ye =10.4288 + 33x + 0785712,“']161‘9 Ong'l_n = 1984:and x unit=1 yaar. ot

Analysis of Time Series
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8. (MHy= 179+269x+0312xzwhere0ng1n 1996andxumt—1year ¢

(i) 13.28, 12.45,12.26, 12.71, 13.80, 15.53, 17.90, 20.91, 24 56 28 .85, 33.78, 39.35, 45.56
thousand tonnes.

(tv) 52.41 thousand tonnés, 59.9 thousand tonnes. “

~

5.16.~NON-LINEAR TREND (EXPONENTIAL)

In this sectlon we shall study the method of finding non-linear exponential trend of a
given time senes

Let {(t, y|). i=12,.... n} be-the given time series. Let x denote the deviations
of the time periods {t,, t,, ......, t,} from some fixed time period, called the origin:Let y,
denote the estimated (trend) values of the variable.

Let the equation of the ;fequired exponential trend curve be . :

="ab* . : (1)

where g, b are constants. ) ; . T

.= logy,=loga+xlogb. A2

»  The e exponential trend curve will satisfy the conditions: '
() Z(og y—log y) =0 - Ly v R

(@) Z(log ¥~ log y )? i is least. v ’ i : * f

_  Inorder to meet these requirements we will have to use those values of aand b
in the trend curve equation which satisfies the following normal equations: ¢i &

- . Ilogy=(ogayn+ Qog )Zx  — - =B

; ' » - Ixlogy=(oga)Ze+(ogh) T - - )

Here also, it is very. important .to. mention the origin and the x unit with the
trend curve equation. , Ho- e Py
If origin be chosen so that Zx = 0, then the above normal equations reduces to

T Ilgy=Q(ogan+Qogh)0 . l

and _ Zx log y = (log a).0 + (log b) Zx2.
—_ - - 3] I -
- oga="5L and 1og.b=£"‘—2;’—§l.
o .
pa| Ix lo,
S i a=AL ( ogy] and b=AL (—;‘y}
. n o Ix
In practical problems, we prefer to choose origin in such a way that Zx = 0. This
/| will facilitate the computation of constants a and b. =
Example 5.11. You are given the populatwn figures of India as fol.',ows
Census year ~ 1911 192] 1931‘ 1941 19_51 196"_1; 1971
Population | 250 25.1 279 | 319 36.1 439 | 547
(in crores) ) _ -

- Fit an exponential trend to the above daia by the method of least squares and

. find the trend values. Also estimate the population for 1991 and 2001.

Solution. Here the number of periods is equal to seven, an odd number,
We take 1941 (the middle most period) as the origin.




i

Exponéntial Trend by Least Squares Method |

8. No. Census | Population logy |x= wl;omﬂ x? . xlogy
year (in crores) “x )
: T R NOTES
1 1911u | ggo 1 3979 1y —;3 9 | -4.1937 ’
2 1921 251 1.3997 g 4 —92.7994
3 1531 279 1.4456 -1 1 —1.4456
4 _1941 319 1.5038 0 0 0
5 1951 36.1 1.5575 A1 1 1.6575
6 1961 439 1.6425 2 4 3.2850
7 1971 54.1 1.7380 B 9 5.2140
n=17 _ogy= Lx=0 Ix? =28 Ixlogy
106850 |47 =1.6178
Let the equation of the exponential trend be y = ab*. ,-‘ N ¥
: logy=loga+xlogh ..(1)
| The normal equations are: ' * |
Zlog y = (log a)n + (log b) Zx -
and Zxlog y = (log a) £x + (log b) 2. @ |
(2) = 10.6850=7 log a.+ (log b).0 = loga= 10'??850 = 1.5264
® o 16178=(oga)0+(logh)28 = logh=—or’®_0.0578.
*
(1) = log y,= 1.5264 + 0.0578« ...(4)
Also loga=15264 = a=AL 1.5264=33.60
and logb=00578 = b=AL0.0578=1.142
y.=ab* = y,=83.6%(1.142)x, wherex= E“T;l?ﬂ.
. This represents the exponential trend equation.
Trend values
For 1911, =-3 and y,=83.6x(L 142)-% = 22.5601 crores
For 1921, x=-2 and Y= 33.J6¥< (1.142)2 = 83.6 x (1.142)3 x 1.142
= 22,6601 x 1,142 = 25.7636 crores
For 1931, x=—1 and y,=33.6x(1.142)! =33.6x (1.142)-2 x 1.142
= 25.7636 x 1.142 = 28.422 crores
For 1941, x=0 and yc = 33.6 x (1.142)° = 33.6 crores
* For1951, T x=1 “Tand”y, =336 x (1.142)!'= 38. 3712 crores
- For 1961, . x=2 and . -336><(1 142)2—336X1142X1142
y =38.3712 X 1.142 = 43.8199 crores
For 1971, + x=3 -and y,=33.6x (L 142)% = 33 6-x (1.142)2 x*1.142
‘ ¥ 2438199 x 1.142 ='50.0423 crores -
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_ : >

For 1991, y= 12911941
. ) 10 - * b -
. 'NOTES ,(1991) = 83.6 x (1.142)° = 33:6 x (1.142)* x (1.142)%" )
3 = 50,0423 % (1,142)? = 65.2634 crores. ©
e For 2001, 2= 20 g L
e ' o ¥,(2001) = 33.6 x (1.142)°
- | ? =336 (1142)°x 1.142=66.2634 x.1.142
' = 74.5408 crores.
: ' : i
EXERCISE 5.6 ,
o == . i = T - " n
1. Fit'an exponential trend to the following data: M, "
Year | 1998 1999 2000 2001 2002
y 16 . 45 13.8 40.2 135.0
2. Fit an exponential trend to the following data: ’ o
. Year 1996 1997 1998 1999 2000
* Profit (,0007) 65 92 132 190 275

8. Growth of Indisn merchant shipping flest from 1968 to 197 Tis given below. Fit a trend
function y = AB* where y represents shipping fleet measured in million gross registered
tonnes and x is the ysar while A and B are'constants:

Year Shipping fleet | Year Shipping fleet .
(million tonnes) *. (million tones)” -
1968 196 1973 2.89
N " ’ .
1969 2.24 1974 3.49
1970, 2:40 1975 s 387 ¢
1971 2.48 - 1976 . 5.09
1972 2.65 1977 5.48
Answers
1. "y=13.79 (2.977), where x = year — 2000
2. y=133(1.43) where x = year — 1998 ’
8. y=23.07 (1.06)*, where u=2(x— 1972.5).
b o i

5.17. SUMMARY

P

o A time series is a collection of values of a variable taken at different time
periods. If y,, ¥,, ‘
Ly, &y, ... t,, then we write this time series as {(¢;, ¥);i= 1,2, ..., n}.
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s The general tendency of the value§ of the variablé in a time series to grow or to  Analysis of Time Series
. deeline over a long period of time is called secular trend of the times series. It

indicates the general direction in’ whlch‘ the graph of the time series appears to

be going over a long period of time.

The seasonal variations in a time series counts for those variations in the N()"I‘ES
series which occur annually. In a time series, seasonal variations occur quite’ ’
regularly. These variations ]Jlay avery mportant role-in business activities. ¥

s The cyclical variations in a time series counts for the swings of graph’ of time -
series about its trend line’ (curve) Cyclical vanatlons are seldom periodic : and
they may or may not follow same pattern after equal interval of time.

¥ e The irregular variations in a time series counts for those vanat.mns whlch"
cannot be predicted before hand. This component is different from the other |

three components in the sense that irregular vanatlons in a time senes are
very irregular. . ~

5.18. REVIEW -EXERCISE§ | -

-

1.. Describe briefly the various characteristic movements of time series. Discuss briefly any
one procedure for estimating secular trend.

-

2. Critically examine the different methods of measunng trend ‘Point out their merits and
‘demerits.

3. Write a short note on semi-average method of estimating trend of time series.
Discuss the componentsof time series, in detail.

5. What is the time series analysis? What are the components of time senes‘? Explam the
various methods of estimating the secular trend of a time series.

s + . -
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6.1. INTRODUCTION S z

We are generally interested in knowing as to whether the price level of a particular
group of commodities is rising or falling. A teacher is interested in estimating the
growth of intelligence in his students. Government may declare that the exports have
increased during the current year. In all such statements, it is not possible to measure
the changes in the concerned variables directly. If the exports for the current year
have increased, it may not mean that exports of every item has increased. Exports of
different items might have increased in different proportions, even the exports might
have decreased for,some .of the items. We may compare the general price level of
commodities in 1986 with that of price level in 1980. For this purpose, we will have to
take into account the prices of all important items for both vears. But, the percentage
rise or fall in the prices of items is not expected to be same for each item. Had it been
so, we would have immediately declared the rise or fall in the .general price level of
items in 1988. The change in price vary for djﬁ'ei'enp items. The percentage rise may

be different for-different commodities. It may even decrease for some items as well. .

Under such circumstances, we feel the necessity of some statistical device which may
help us in facing such problems. The statistical devices used to measure such changes
are called Index Numbers. Let us define ‘index numbers’ in a formal way.

6.2. DEFINITION AND CHARACTERISTICS OF INDEX
NUMBERS '

The index numbers are defined as specialized averages used to measure change in a
variable or a group of related variables with respect to time or geographical location or
some other characteristic.

In our course of discussion, we shall restrict ourselves to the study of changesin |

a group of related variables with respect to time only. Changes in related variables are
expressed clearly by using index numbers, because these are generally expressed as
percentages.

The index numbers are used to measure the change in produEtipn,'prices, values,
et in Telated variables over time or geographical location. -The barometers are used
to study changes in whether conditions, similarly the index numbers are used to study
the changes in economic and business activities. That is, why, the index numbers are
also called ‘Economic Barometers’.

Ry — s

6.3. USES OF CONSTRUCTING INDEX NUMBERS

1. Index numbers are used for computing real incomes from money incomes.
The wages, dearness allowances, etc. are fixed on the basis of real income. The money,
income is divided by an appropriate consumer's price index number to get real income.

2. Index numbers are constructed to compare the changes in related variables
over time. Index numbers of industrial production can be used to see the change in the
production that has occurred in the current period. :

3. Index numbers are used to study the changes occurred in the past. This
"knowledge helps in forecasting. : -

4. Index numbers are used to study the changes in prices, industrial production,
purchasing powers of money, agricultural production, etc. of different countries. With
the use of index numbers, the comparative study is also made possible for such variables.

Im;’ex Numbers

NOTES
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6.4. TYPES OF IN_D'EX-NUMBERS B S s
There are mainly three types of index numbers: S ¥ o
I. Price Index Numbers, ¥, . T

II.-Quzi;tity Index Numbers,
III. Value Index Numbers.

) In our course ‘of discussion, we shall confine mainly to ‘Price Index Numbers’,

Price index numbers measure the changes is prices of commodities in the current

period in comparison with the prices of commodities in the base period.
Y ;

L

6.5. METHODS - .

For constructing price index numbers, the followiné’ methods are used:
@) Slmple Aggregative Method .
((13)] Slmple Average 'of Price Relativés Method
{Tii) Laspeyre § Method >
(iv) Paasche's Method " = . F® ¥ o
(v) Dorbish and Bowley's Metﬁod
{vi) Fisher's Method
(vii) Marshall Edgeworth’s Method
{viit) Kelly's Method .
(ix) Weighted Average of Price Relatlves Method * i
(x) Chain Base Method
First nine methods are fixed base methods of constructmg prlce mdex number.”

¥

= . SR T . 1l #

6.6. SIMPLE AGGREGATIVE METHOD

This is the simplest method of computing index number. -111 this,; method, we have

= — Epl e
. Py = Zpe * 100 x

where 0 and 1 suffixes stand for base period and current period respectmvely

P = price index number for the current period

‘_Zpl = sum of prices of commodities per unit in the current period

Zp, = sum of prices of cominodities per unit in the base period.

In other words, this price index. number is the sum of prices of commodities in
the current period expressed as percentage of the sum of prices in the base period.
Consider the data:

i _ 2
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Price’in base period * Price in current period
psin %) - PGn® :
5 8
'8 To-10 o
18 S
112 84
12 T 15
6 ) e 9

e )
g
i

i A

Tpy=161

g
. ' Ip
This index number shows that there is fall in the prices of commodities to the
- extent of 6.21%. It may be noted that the prices of every item has increased in the
current period except for the item D. On the other hand, the index number is declaring
a decrease in prices on an average. This is not in consistency with the-definition of
index numbers. In fact, this unwanted result is due to the presence of an extreme
item (D) in the series. So, in the présence of exireme items, this method is liable to
give misleading results. This is a demerit of this method. .

‘Let us find price index number for the data given below:

Ip, =151

151

H P X 100 = — % 100 = 93.79.
ere 0 161‘

11 ) Price (in %) _
1994 © " 1996
(po) (P;)
. Sugar kg 8 7
T Milk litre 3 ~ 4
Ghee . kg« » . 45. ‘50
Ip,=6+3+456=54 *
Ip, ='T+4+560=61 - 7}
. Ipy
P ,=a—X
£ 5,

Hem Unit

Here

1, ey

61 . .

L 173 1(\){)_-—-‘54 XI_OO =112.96.
" Here we have considered the price of sugar per kg. Now we use the price of
&su'"g'ar per quintal, for caleulating index number for the year 1996,

Price (in%) "
Unit 1994 "1996

N @) v)
Suger quintal 500 700
Milk Tlitre | 3 4
Ghee " kg 45 50

In this case, - Zp,=600+3 + 45 =648
and Sp, =700 + 4 + 50 = 754

K P, = %{’:— x 100 = %%. x 120 = 116.36.

The index number has changed, whereas we have not affected any change in
the data except for writing the price of sugar in a different unit. This type of variation
in the value of index numbers is'beyond one’s expectation. This is another limitation
with this method.

Hem

Index Numbers

NOTES
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6.7. SIMPLE AVERAGE OF PRICE RELATIVES METHOD

Before introducing this method of finding index number, we shall first explain the
conespt of ‘price relative’. The price relative of a commodity in the current period
with respect to base period is defined as the price of the commodity .in the current
period expressed as a percentage of the price in lihe base period. Mathematically,

, . - M *
Price Relative (P) = p_ x 100, _
0 . .
For example, if the prices of a commodity be Z 5 and € 6 in the years 1995 and
1996 respectively, then the price relative of the commodity in 1996 w.r.t. 1995is
8% 100= 120, _ .
b

t

: In the simple average of price relatives method of computing index numbers,

| simple average of price relatives of all the items is the required index number.

Mathematically, _
o o F .
. 2(*”_3 x-lDO] “
By =2 -’ (f AM. is used)

| | s !
Le., ] P, = o
where P, is the required price index number,

% X 100 = Price relative =P '

n.= no. of commodities under consideration.

In averaging price relatives, geometric mean is also used. In ‘this case, the
formula is

n
It has already béen observed that the index number computed by using simple
aggregative method is unduly affected by the extreme items, present in the series.
=k : ; . gar G
We shall just show.that this;method of computing index number is not at.all
affected by the extreme items. We compute the index number for the data considered
in the previous method.

Index No. by Simple A.M. of P.R. Method

P,, = Antilog (z log"P] !

Item Price in the Price in the Price Relatives
base period current period _ ™
) (in?) Py (in %) P=-p, X100

A 6 S SN 120

B 8 10 125

C 18’ 2"{,_ 150

D C 112 84 - 75

t ' £ k. 3 [
E ) 12 15 o 125
F 6 ., L w0
| » 5P =745
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T3P 45 i
Pm ?=?'12417

Here the index number is advocatmg the fact that the prices of commodities

‘have raised on an average.

There is one more advantage of using this method. The index number, computed
by averaging the price relatives is not affected by the change in measuring unit of any
commodity. We illustrate this by using the data taken in the previous method:

Item Unit P, Iy P= i{h x 100
Sugar kg 6 7 116.67
Milk litre .3 4 133.33
Ghee kg 45 50 111.11

) A 2P = 361.11

PPy = % = 36;'11‘ 120.37. |

Now, we consider this data once again and change ﬂle measuring units for sugar:

3 . -+

Item - Unit Py P, p=2Lx100
' Po
Sugar - quintsl 600" 700 116.67 '
Milk litre 3 4w |5 .183.33
Ghee kg 45 : 50 111.11
TP =361.11
- . *
* TP _86L11 _ - o
'% . Pm-?_r 3 = 120.37.
L] v l

We see that this index number i3 same as that for the data when the rate of
sugar was expressed in kg.

: Thus, the index number as calculated by this method i i8 not aﬂ'ected by changing
measuring units.

In averaging the price relatives, we can also make use ci't_"_medial‘l:harmonic
mean, etc. But, only AM. and G.M. are generally used for this purpose.

Example 6.1. Calculate index number for 1994 an the basis of the prices of 1991
for the following data:

Article ) 4 - - c - D
Prices in 1991 12 - 25’ 10 5 6
. Prices in 1994 15 20 12 10 15

Index Numbers

NOTES
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Business Statistics Solution. Calculatlon of Inedx Nos (1891) = 100

T - Ea— .

Article P, 3 P, p=ELy100
"~ n N . % “w [9 - PO
NOTES A 12 15 o Bo-iz
s ¥ S A |~ 20 '
s B 4 . 25 ‘ » 20 D ggxl00=80
E . L . r . -
> © y ‘a0 12 Exmt:t 120
| - . 10
. D * ‘ 5. | 10 -lélx 100 = 200
E ‘1o e F 15 : -l-sﬁ X 100=250
zp(J =58 p, = T2 3P =775,
By simple aggregatwe method
Py Y x100--£x100 =124.41.
EPU 58 i
#, By AM. of price relatives method. :‘
1° P 775
P, = ==1=2 =185. -
- a T, 5 LY

Example 8.2. From the information gwen below, prepare mdexnumbers of prwes
' for three years with average price as base: i

o
r

- Rate per rupee_, ' .
f’ear 1~ Wheat * Rice ‘ Sugar
1st year 138kg ’ 1 kg;j 0.40 kg
2nd year 1.6kg ’ " 0.8kg 0.40 kg
grdyear | kg ¥ -‘ 0.75kg Y, 0.25kg

Solutmn. Smce the prices of commodltles are glven in the form of quantlty
pnces’ we shall corivert these quantlty prices into* money prices’.  ©

. Price of wheat in the 1st year
oq ’ i o

. _ . = 2 kg per rupee ;.
Price of wheat per quintal
] : .
bl -
= l—gg‘ ? 50 W

" Similarly, we shall express the prices of other commodities per quintal.

-

- - = -
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Index numbers by Simple Aggregative Method

Index no. for ist year = % x 100 = 494227, x 100 = 83.36
Index no. for 2nd year = % x 100 = 44;??7’}57 x 100 = 87.89
Index no. for 3rd year = %p;: x 100 = 233‘32 x 100 = 127.23
Index numbers by Simple A.M. of Price Relatives Meié.hod

} .
Index no. for 1st year = % = 233'88 =176.96
Index no. for 2nd year = -zn—P = -2--6;& = 88.26 .
Index no. for 3rd year = % = i%ﬁ =124.21.

EXERCISE 6.1

1. From the following data, construct an in'(;ez-z number for 1996 by using the method of
taking A M. of price relatives:

Ttem A B | c "D E F .
Price in 1995 10 12 6 5 5 .9
(in?) 1 - )
Price in 1996 10 15 .| 8 6 .8 . 18
(in

2. From the following data, construct price index nos. for the year 1996 by the methods:

(¥} simple A.M. of price relatives
(iz_,') simple G.M. of price relatives.

Commodity A B cC D ‘E F
Pricein1995| 4 | 5 10 7 | s 9
(in%) . - ' |

Price in 1996| 6 g | 12 14 6 12
(in®

3. From the following data, construct the price index number with average prics as base:

. ) Raie per rupee
Year Wheat _ Rice 0il
I . 10 kg 4kg T 2kg
It - 8kg 2.5kg 2kg
g 5kg 2 kg 1kg
Answers F
1. 133.05 2. (i) 160.55 (&) 157.7

3. 70.26, 83.18, 140.53 by using simple A.M. of price relative method
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6.8. LASPEYRE’'S METHOD E_'_'E RS SR A =

This is a method for finding weighted index numbers. In-this method, base period )
quantities {g;) are .used as weights. If Py is the index number for the current period, NOTES
then we have . '

- . ) ’bﬂﬁf .
Pﬂl = z_p.lg.g. x 100 .
ZPoYo ;. o
where ‘0’ and ‘1’ suffixes stand for base period and current period respectively.

&lqo = sum of products of prices of the cominodities in the current permd with their
) corresponding quantities used in she base penod

2pog, = sum of product of prices of the commodities in the base period with their
corresponding quantities used in the base period.

B 7o

6.9. PAASCHE'S METHOD . ’ ~

ThlS is a method for finding weighted index numbers. In this method.s current period
quantities (g,) are used as weights.

If P, is the required index number for the current period, then

- ) - = -n'l_z‘ i = e s = _u
Pidii00 ), 5,
| o ):p q - v s » .
= o ~ . 0% adE = & g e

where p,,, p, Tepresents prices per unit of commodities in.the base period and current |
period respectively.

£

6.10. DORBISH AND BOWLEY’S METHOD

This is a method for computing weighted index numbers.
If P,, is the required index number for the current period, then

[Epl‘h + Ip44, ]
T .
Podo "ZPod1/ 100
2
where p; pll repfesents prices pe per unit of commodmes n the base penod and current

period respectlvely, 4, 9, Tepresents number of units in the base penod and current
period respectlvely

Py =

s 7 o 7 i

) S [2“’1‘?" z"lq‘] ' 00, 281, q00
We have Py = ZPoto : ot x100 = Z0d 5 e 414

. Laspeyre'sindex no + Paasche’s index no.

2 1

+. .Dorbish and Bowley’ s index number can also be obtained by t,akmg AM.of
Laspeyre’s and Paasche's mdex numbers, Xy 7

Self-Instricctional Material 117




Business Statistics

NOTES

118 Seif-Instructional Material

6.11: FISHER'S METHOD . .

This'is a method for computing weighted mdex numbers, n L
If P, is the required index number for the current period, then

P, 2P0 plqnxlmﬁ

- = VZpoue  EPody LT
where symbols Py do Py & b have their usual meamng ~
¥ . 1Zgo 2P (29190 ]( }:Pl‘h ]
= [0 R 5 100 o %100 %100
We have Por = YZpoge  Toods \{ P Eoqy
Laspeyre’s Paasche 8) . |
~ Y\Index no. J!\Index no. -

"Fisher's index numbers can also be obtained by takmg G.M. of Laspeyre’s
and Paasche s index numbers. Fisher's method is considered to be the best method of
_compitting index numbers because this method, satisfiés unit test, time reversal test
and factor reversal test. That is why, thls method is also known as Fisher’s Ideal
. Method. &

-

6.12. MARSHALL EDGEWORTH'S METHOD .

This is a method of computing weighted index numbers. In this method, the sum of
base period guantities and current period quantities are used as weights.
~  IfP,, is the required index number for the current period, then

me o= >~

Po] EPl“lo + ql) x% 100 E
Zpolao +9q1)’

where p,, g,-p,, g, have their usual meaning.
We can also-write thlB index numbers as

2?‘»’1‘&'0 + Ea!’1f11 %100

P
_ %= Toogo + Toods
This form is generally used for computing index numbers.

i
s

-

i

6.13. KELLY'S METHOD

This is a method of computing weighted index numbers. In this method, the quantities
(g) corresponding to any period can be used as weights: We can also use the average of
quantities for two or more periods as weights. -

If P,, is the required index numbers for the current period, then -

g JT x 100 )

o= zpoq »
where g represents the quantities which are to be used as weights. Do, Py have their
usual meanings. This index number is also known’as Fixed Welghts Aggregative
Method.
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6.14. WEIGHTED AVERAGE OF.PRICE RELATIVES
METHOD : - . T

NOTES

This is a method of computing weighted index numbers: In weighted index numbers,
‘we give weights to every commodity in the series so that éach commodity may have |
due influence on the index number: Till now quantity welghts were used for constructing |
price index numbers. - i

In the weighted average of price relatlves method, value welghts (W) are used.
The values of commodities may correspond to either base period or current period or
_ any other period. .
If P,, is the required mdex number for the cun‘ent period, then -

—y

2 21
W \zghel.'eP % 100: ' . )

§. Pl}l =

Py, Py have their usual meanings.
In this method, we have infact taken the weighted arithmetic mean of the price
relatives. In constructing this index number, geometric mean is also used. In this-
-case, the formula is ) .
o (W log-P]
P, =Antilog| ——— |
‘0 og [ W. -
Example 6.3. Construct index numbers of price for the year 1994 from the
following data by applying: '
g La.gpeyres method

¥ L , !

2’ Paasche’s method }

- 8. Bowley's method . 4. Fisher's method
5. Marshall Edgeworth’s method
) 1998 . T 1994
Commodity -
Price Quantity Price Quantity
A 2 8 v 6
B 5 10 I3 5
c. ¢ 14 . & 10
D 2 19 L2 13 s
Solﬁtion. Calculation of Index Nos. (1993 = 100) “
Commodity-| 2, | @ | P | @ | .p% | P | Py | PG
A N 8 4 6 16 24 12~ | a2
B 5 |- 10 6 5 50 30- 25 80
c 4 | 14 5 10 56 | 50~ - 40 [ 70
D 2 | 19 2 13 38 26 26 38 |
" Total- 160 130 103 | 200
?aspeyré’s price index number'= Q"—Z— x 100 =" lg % 100'= 1285.
Paasché's price index number = %‘}t x 100 2 igg x 100=126.31 ' ;

L

-
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Business Statistics = Bowlefs price mdex number R PR e
[}:Pl% e rpﬂl] > 1(200 + 136] " ? h
| _ . = ;?"“‘1_0 20d1) , 1091160 ~103) 5 2" 303 %100 = 125.607..-
NOTES Fisher's price index numl_)er 4
) Ip\gy . TP 200 130
= [P Py 1’ x 100 = 125,
Ipdo” Ipody 160 108 5.605.

Marshall Edgeworth’s price index number
)

L
=P+ q) | 100- % Y IPG 100
I'po(qo + ‘h) 2P0 + St
200 +.130
= ———x100 =
160 + 103 126.47.
Example 6.4.-Prepare the index number for 1952 on the basis of 1962 for the
Jollowing dato:
. Year Commodily danimodity Commodily
. A _ "B c
Price | Expenditure | Price | Expenditure | Price | Expenditure
962 |, & 50 8 48 6 24
1982 4 43 7 49 5 . 15
Solution. We calculate pnce index number for the year 1982 by using Fisher’s
method. .
' Calculation of Index Number oL
| 1962 1982 | pay | Pi
Commodity - =
~ ' Po | P | B | P | P a
A 5 50 10 4 48 12 60 40
. B 8 48 6 7 49 7 56 42
¢ 6 24 4 5 15 3 18 20
Total ’ 122 112 134 102

Fisher’s price index number

'102 112
— 100 .
szo% (Ix 122 134 83.89-

Example 6.5. Calculate ‘the weighted price index number for 2000 for the

fpowmg dato:
Material Unit Quantity Price during
required required
. 1939 2000
A o o 1o0kg 500kg 5 8 .
B mt 2000mt 9.5 14.2
c kg 50kg. 34 42.2
. D litre - 20 litres 12 24
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Solution, Here we' shall use Kelly's: method because quantities™are fixed
irrespective of base and current years. o * L -

Calculatmn of Index Number (1889 = 100)

e - - . -

- Maderial pp: L5 b . q " pa- P
L 1 500 g .
—o= =5 1 .
A 5 8 el S 40
=B | 95~ 14.2 2000 | 19000 = | 28400
c 34 % | %4 4290 | atuggT ‘17004 % |4 2110
D 12 g w 24,31 1209 240 zeli3, 480
_Total - o . 20965 31030
_ - X 2 [ S
Kelly's price inidex number = 2P 100 = 31030 31080 , 159 = 148,
> SF S PRAE TR TATUYY - .zpoq-. i — 20065 - UT . -
£ -

‘Example 6. 6. Construct an index number for the fouowmg data using wezghted :

average (A.M. and'G.M.) of price relatives method:

4

- Commodity "Current year . " Baseyear . | Weights
prices (in T} - prices{in%q *

A 4 P ) a N 1

B 6 5 2

C 10 . i . 8 3

D 2. L -0 1

[ 1 hat 2T : ’
Solution. Calculation of Index Numbers .
Commodity | *p, P, W {P=2Lx 00 logP |t WP Wlog P
2o - \
AL 5 | 4 1 80 1.9081 80 | 18031
' B 5 6 2 120 2.0792 240 | 4.1584
C .B +10 3 125 2.0969 376 6.2907
D* ) 10 12 1 120 2.0792 120 2.0792
Total | = [~ 4 7 - | 815 | 134314
Price index no. by weighted A M. -
[
IWP _ 815 .
=——=—=116.43. : -
" a 1 IW _7 EY

Price index no. by weighted G.M.
‘ =AL_(2W'195 P) AL (14.4314]
: W 17

= AL (2.0616) = 115.3.

an=
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Example 6.7. Prepaie Index Number from the following information for the

year 1980 taking the prices of 1975 as base:

By

L Commodity  »

o Wheat Rice Gram Pulse-.
Price 1975 10 5 . T2
Price 1980 12 7 4

Give weights to above commaodities as 4, 3, 21 respectively.
Solution. Calculation of Index Number
Commodity P by 14 P=2L x 00 WP
I " . Poi tL
Wheat 10 12 - 4 120 480

Rice i) R .:) 7 ‘ 3 140 j} 420

Gram 2 3 2 150 300

Pulse 2 4 1 200 200

Totel ‘ 10 | 1400

o : _SWP _ 1400 _ ‘
Price index no. by weighted AM. = w10 - 140
T - r -
EXERCISE 6.2 |

1. Apply Fisher's method and céli:ulata' tﬂe price Ti:ndJex number for 1995 fron} the fo]_,lowii:g
data: *

1994 1985
Commodity
' Py 2 * Py T4
A° 10 4 12 3
B 15 6 20 5
c 2 5 5 6
D 4 4 -7 4 4
2. Compute Fisher's ideal price index number for 1994 for the following data:
1933 1994
Commodily - ) ; -
Price per unit Expenditure Price per unit Expenditure
A 5 125 6 180
B 0 - 50- 15 90
C 2 30 3 60
D 3 36 5 75
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3. Use the data given below and calculate Fisher's ideal price index number for the year Index Numbers -
1993 with 1990 as bass: . . .
T P TP in Y Quanity
” | Commodity Unit - — . :
Pl 1990 1993 » 1990 1993 NOTES
“Wheat * |  ‘Quintal %0 loo g0 25
Potatoes | “Kilogram | 1. 120" F100 130
Tomstoes | Kilogram K 1. 30 50 40
»4.- Construct Fisher’s and Marshall's pnce index numbers by using the following data: |
%
Commaduy " Base year Base yea.r . gurrjenz year | Curreni year
price quantuy - " price ) “quantity
A 12 ¢ v 100 ' J20 yar| & ‘.,\n120
B, X . (200 4R 240
. C T8 .| . ‘120 57 a. 120
D v 20 5 . 60 24 . 48
. BEY 16 80 24 ‘52
* 5, From the data gwen below, calculabe the. price index number by using Fisher’s ideal
formula: t ¢
L . Z . n g —=
A I Base year w | x ax Currentyear .,
Commodity — - —
Price Quantily ~ Price Quantity *
A | 10 L; ) 50 . ‘
B 8 30 9 32
T - B 35 7 40
* 6 From the following diata,‘ﬁ.nc_ltprice index number for the year 2002: v
Item Price per unit . Value
2001 2002 (2001)
A T13.75 -~ 213,75~ T 8364
s v o re o on ) -
B * ?_ 9.70" 9.70 bz 2207
c 76.03 78.00 1876
* D ¥ 466.00 2.433.00 3,701
E T1.25 - TLI6 ¢ 7534
) . Answers
1. 135.4 2,137.11 3.'111.98
4. 133.729, 138.728 5.121.91 * 6. 108.'5{3 v
. } . . ¥ h\"‘- -
6.15. CHAIN BASE METHOD
In this method of computing index numbers, link relatives are required. The prices of
commodities in the current period are expressed as the pércentages of their. prices
in the preceding period. These are called link relatwes .
Self-Instructional Material' 123
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‘Mathematically, " . ”
. S L. Price in current period'
Link J= 1 :
ink Relative (L.R.) icein p ing period x 1 o

If there are more than one commodity under consideration then.averages -
of link relatives (A L.R.) are calculated for each period. Generally A M. is used for
~averaging link relatives. These averages of link relatives (A L.R.) for different time
periods are called chain index numbers. The chain index number of a particular

.| period represent the index number of that period with preceding period as the base

_period. This would be so except for this first period.

These chain indices can further be used to get’ index numbers for varioas periods
with ‘a particular period-as the base period. These index numbers are called-chain -
mdex numbers chained to a fixed base, *

« For.calculating these index numbers, the following formula is used:
CB.L for current period (Basge fixed)

A.L.R. for current period x C.B.1L for preceding period (Base fixed)
100

There are certain advantages of using this method. By using chain base method,
comparison is possible between any two successive periods. The average of link relatives
represent the index number with preceding period as the base period. This characteristic
of chain base index numbers benefit businessmen to a good extent. In calculating chain
base index number, some items can be introduced or withdrawned during any period.
"In practice, the chain base index numbers areused only in those circumstances, where
the list of items changes very frequently. .

Example 6.8. Calculate the fixed base index numbers and chain base-index

-

: numbers from the following data. Are the two results same? Ifnot, why?

= -
]

4 & Price (in rupees) ]
Commaodity —— — — - — !
1986 1987 1988 [* 1989 Y| 1990
X__'_ 2 ’ »* 34* 5 7 " 2
Y 3 19 = 2 ¢ 18
Z T4 5 7 . 9 12
Solution. Calculation of F.B.1. (1996 =100) )
i ¥ Price Relaiives
|. Commeodity : -
. 1986 1987 1988 o 1989 1990
3 5. T 8
X 100 | % 100=150 25 x 1002250 | 2x100=350 | 5 100 = 400
Y 100 | §'x100=125 ] ~x100=150 | %xloo 50 |x100-225
5 7 ‘9 12
Z | 100 [ x100 = 125 | -x100=175 | 2x100=225 | % xw1oo_= 3qo___
Total 300 400 (575 «oegs T 925
|Averageof P.R| .100 igﬂ =133.88 | %5— =191.67 % =208.33 % =308.38 .|
orFBIL . - ?
1 qese=100)| . M .
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. F.B.I for years 1987, 1988, 1989, 1990 with base 1986 are 133.33, 191 67, Index Numbers
208.33, 308.38 respectively.
Calculatmn of C.B.1. (1986 = 100)

¥

Lmk 'Relatives ] ; .
Commodity }— — - NOTES
| 1986 | 1987 1988 1989 1990
o | 100 %'x 100 50 'g‘x 100 = 16667 %x 100 = 140 %x 100 = 11429
10 12 4 18
: . 138 £ =120 |—=x'100=3333 |- x 100 =450
{ Y 100 3 x 100 =125 10 x 100 f 1 %
z | 10| 2x100-125 | 1x100-140 %x 100-12857 {22100 - 13333
Total | 300 | 400 42667 ~ | 3019 697.62
» ) -
Average | 100 . % =133.33 42367 = 142.22 % = 100.843 69;‘;62 =232.54
of L.R. -
or GBI _ | , _
cBL | 100 '133.33 x 100 14222 x 13333 7| 10063 x 18962 | 23254 x 19081
100 100 100 100 i
~ |asss=100 | =133.88 =189.62 =190.81 =443.71

chained to 1991.

C.B.I1 for years 1987, 1988, 1989, 1990 Wlth base 1986 are 133. 33, 189.62,

190.81, 4438.71 respectively.
Example 6.9. The following table gives the average wholes&le prices of three

- groups of commaodities for the years 1991 to 1995. Compute chain base index numbers

n.i H ' ¥ Yé“.“r i ¥
¥ Group - — — > —
1991 1992 1993 1994 1995
I 4 6 - 8 1 10 12
iy ' 16 - 20 24,- -, 30 36
/O Y 1w | 16 20 |
" Solution. Ca.lculatmn of C.B.I. (1991 100)
Lmk Relatwes
Group - —
1991 1992 1993 1994 1995
6 = 8 = 10 12
I 100 |+x100=150 | =x100 13333 |. 8 x100/125 15 X 100=120
) 20 24 30 36
: EEx100=125 | 25X 100 = 120 100=125 | = x 100 = 120
I 100 1776 20 24 EN
10 18 20 = 24, 100 =120
111 100 | g *100= 125 19_" 100_‘__ 180 |76 x100 =125 S0 X ;
Total 300 400 413.33 375 360
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“Averageof | 100 20 _ 13383 4133'33 =137.78 %@ =125 -3:-:2 =120 _
1 IR ¥
LR.of C.BL S B N
" GBI Lo0 | 13833 % 100 | 13778x13333 | 125x 18370° |'120 x 22062
e . 100 100 100 3 100
(1991 = 100) =138.38 =183.70 }=22962 =276.54

~ CBL for years 1992, 1993, 1994, 1995. wlth base 1991 are 133.83, 183. 70
229.62, 275.54 respectively.

EXERCISE 6.3

-2

1. From the following average prices of the groups of commodities given in rupees per unit,

find chain base index numbers with 1988 as the base year:

¥
s

L ) :
Group 1988 1989 1990 1991 1992
Ist 2 3 4 5 6
IInd 8 10 12 15 18
IlIrd 4. 5 8 | 10 12

2. Calcu.late the cham base’ ‘index numbers chamed to 1972 from the average prlcas of
following commodltles

Commod_ity 1992 1993 1994 | 1995 1996
Whest, 3 67 ] 8 .| 1 | 1
Rice 16 20 24 30 36
Sugar 8 10 16 20 24
3. Compute chain base index number for 1996 with 1993 as base, by using the following
.data:
L
Year
Commodity - = -
. 1993 f 1994 1995 1996
Sugar (Price per kg)| 64 |77 65 3 6.5
Gur (Price perkg) * g |0y fol 4 45
- Answers “

1. 100, 133.33,183.70, 229.62, 275.54
2. 100, 133.33, 183.7, 229.63, 275.56

3. 107.36.

IL. QUANTITY INDEX NUMBERS

-
&

6.16. METHODS

-

Quantity index numbers are used to show the average change in the quantities of

126  Self-Instructional Material

related goods with respect to time. These index numbers are also used to measure the




- i

level of production. In computing quantity index numbers, either prices or values are Index Numbers
used as weights. . !

- Let Q,, denotes the quantity index number for the current period. The formulae
for calculating quantity index numbers are obtained by interchanging the role of ‘p’
and ‘¢’ in the formulae for computing price index numbers. Various methods for . NOTES
computing quantity index numbers are as follows:

1. Simple Aggregative Method

. Q= % x 100, . )
2. Simple Average of Quantity Relative Method ‘
| Qo= 22 . (Using AM)
= Antiog (2X8Q) - Wsing GM)
where (; = quantity relative = % X iOO. - s
1 8. Laspeyre’s Method . N
Qo = -Eﬁ- x 100, )

4. Paasche’s Method
Q,, = 24Py 100,

Zg,pq >
5. Dorbish and Bowley’s Method -
L [Zq_wo+m]
_\Zgpy  Zgop
Qm = _ 0 ’- 3 it x 100.
6; Fisher's Ideal Method . -
T et : £ B 3
- = |2k, Zap 100 -
. oy = Zqopo  ZqoPy oo k
7. Marshall Edgeworth’s Method
Tl LAV
QO]. Z‘qo( pﬂ + pl) x
8. Kelly’s Method. -,

QoF%xloo_

9, Weighted Average of Quantity Relative Method

IW .
Qm': ﬁQ— (Usmg AM)
= Antilog (%} (Using G.M.)
10. Chain Base Method “

Here also, we define chain base quantity index numbers for a period as the
average of link relatives (L.R.) for that particular period. These chain indices can be
used to obtain quantity index numbers with a common base.

0
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_ :In all the above formulae, suffixes ‘0’ and ‘1’.stand for base period and current

period respectively and . R £ I
o -p; = current period price.of an item ¢

¥ 2 P, = base period price of an item

1 v “al L

W

q1 ‘éurrent period’ quantlty of an 1tem '

ey 3
= base period quantlty of an 1tem i
Q = quantity relatwg of an item = q_ x 100
. £ . S 0
W = value weight for an item
p = price of an item in a'fixed period -

. - n = no: of item under consideration.

et

6.17. INDEX NUMBERS OF INDUSTRIAL PRODUCTION

The indices of lndustnal production are calculated by usmg the methods of quantity
index numbers. In the formulae for quantity mdex numbers we shall take production

in place of quantities.

Examypyle 6.10. Calculate the quanuty index number for 1 986 by using Fisher's
formula for the folloiving data:

4‘_\ -
T 1995 ¥ o 1996 -
Commeodity ' 2 : B
; Price Quantity Price : Quantity
A 6 70 8 ’ 120
B 8 4 90 : 10 100
c 2 # 140 16 280
Solution. Calculation of Fisher’s Quantity Index No. (1985 = 100)
N
Commodily Py 'q‘!J bl Py 9, oy - 9,0, q,p; q:Pg
A 6 70 8 120 420 |« 960 | -560 720
B. 8 90 10 100 720 1000 900 800
C 12 140 | “16 |7 280 | 1680 - | 4480 | 2240 | 3360
Totel 2820 6440 |- 3700° | 4880

r

Fisher's quantity index number = 2917 X_M x 100
¢ y s !J Zqypy TGP
’4880 6440
- 2820 X=— 3700 x 100 =173.55.

Example 6.11. From the fouowmg dala, construct quanuty index numbers for
1986, by using the following n methods . 2

] Slm_ple aggregative method i) Laspeyre 's method
“(¢ii) Paasche’s method * (iv) Dorbish and Bowley’s method
(v) Fisher’s method (vi) Marshall Edgeworth’s method




- Index Numbers - .
s 19954, % , cx 1996 ex Mimbers
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£ Commodily = . - e o
: _ Price _ Value Price Value < . |
L A . 8= = - _aﬂgﬂrx"‘ == el =i ] 10
: N v o . . T Mg NOTES
|- *- B 1w s e | 120 B 108 US|
1 g i W Lt R
‘ Solution. Calculation of Quantity Index Nos. (1995 = 100)
| | Commodity | p, | Value | ¥g |np; | Velue | a | app| @by |
' 9pPo w | o | T |-
A 8 go | 10 10: | i1 | 11| 88 | 100
+B 10 90 9 SM12 108 9 [« 90 |-108 _
C © 16 | 256 18 20 340 17 '} 272 | 320 |
Totel . 426 | 85 T .| 558 37 | 450 | 528
- @) Qq, by simple aggregative method -
_2 0037 . -
| 40 x 100= 35 x 100 = 1056.71
‘ (i) Laspeyre’s quantity index no.
Ry P 3 i . + P
r‘hpo 450
- * XIOO"-—XIOO 10563
¥ ZQDPO 426 .
_ (iii) Paasche’s quantity mdex no.
: ﬂhPl . 558 -
‘ . z%Px X 100 = g0 X 100 -—‘1{35.68 ;
| _ : ¥
‘ (tv) Dorbish and Bowley‘s guantity index no. - -
i i (}:(hpu o 'qu.pl] (450 - 558] 1
] 426" 5 .
| HoPo - 20P1) 400 = —T& 100 = 105.66
(v) Fisher's quantity indexno.
B .
2g;Po  241Py - 450 558 '
e— x 100 = f——==X——= %100 = 105.66
Zqope  Zq0P, V426 528 ’ '
(v Marsha]] Edgeworth’s quantity index no.
~Xaq.(pg’ 450+ 558 -
o =ZaBet P, g0 ZiPo Y 2P 190 T x 100 = 105.86.
Zqo(po + Py Zgopy + Edop1 *
f‘ .
- - Fi ¥ H
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6.18. SIMPLE AGGREGATIVE METHOD

V,,

where Zp,q, = sum of values of items in the current period
. 2Py, = sum of values of items in the base period. ,,

EP:']L
EP Qo

x1

00

The sunple aggregatwe method of computmg value index number (V) is glven by

Example 6.12. Calculate value index number for 2000 for the following data:

130  Self-Instructional Material

Y

- 1838 - 2000,
Item :
- Price Quantity Price Quantity
A 4 12 5 18
B 8 15 32 b/
C 12 6 10- 8
D 5 10 5 12
Solution. Calculation of value index number (1998 = 100)
ltem Py qn:; “ 2y ) q; Lo P1a;
A 4 12 ] . 18 48" ‘.129
B 8 15 12 1_0 120 120
c 12 ; 8 S U 8 72 80
D 5 - 10 R 12 . 50 60
Total ¢ ss 290 | - 380
N 380
Value index number = 2241 109 = 30150 1a) 6.
T gy T 290
{.
) EXERCISE 6.4 o
A
L. Compute & suitable quantity index number by,using the following data:
) Quantity
Commodily | Price in the base period s :
Base period Current period
) Fad A . -~ 4 ? 7 10
B 5 8 9
C 4 10 2]
D 3 12 8




2. - Construct index numbers of quantity for the given data, by using the following

Index Numbers -

- _. methods: ) .
(i) Simple aggregative method '
(D) 'Fisher's method Lo _
(iii) Weighted average (A.M.) of quantity relatives by using base period value as weights. NOTES'
Base year Current! year
Commodily . —
' Price Quantity Price Quantily
A 2 8 4 6
.B 5 10 8 5
C 4 o 5 10
D _ 2 . 19 ) 2, 13
8.. Using Passche's formula, comi)ute the quantity'iﬁds_sx number and the price index number
i for 3000 with 1999 as base year:
Quantity Unils Value in (%)
Commodily —
1999~ 2000 1999 2000
1 A 100 150 500" 1900
B ‘g0 100 320 500
C 60 72 150 360
¢« D 30 33 360 297
For the above problem, alsokompute price index number by:
() Dorbish-Bowley Method (i) Fisher's method -
(iif) Marshall-Edworth method. :
3 - 5
Answers " | - .
= 1, 100.694 » 2. 66.667, 64.687, 64:375
3. 131.02, 112.18 () 118.61, (i).118.61,.(iii) 118.62 -
6.19. MEAN OF INDEX NUMBERS 3 -
El ¥ .
HI, L, ... , I, are the index numbers of n groups of related items, then:the index
- numbers of all the items of n group taken together is calculated by taking the average
of these index numbers. Generally, AM. is used for averaging the index numbers. If
weights are attached with different index numbers, then weighted A:M. is to be
calculated. ) *
Let I be the index number of all the items of n groups taken together, then
p=lithtetl, Lo 2
n n .
KW, W,,..., W _be the weights of index numbers I, I, ......., I, respectively,
then Sy
o Wil + Wl £+ W, .
W+ W+ + W, w ° .
If G.M. is to be used for finding index number of combined group, then
Wlogl,+WylogIy +....+ W, log I, ) [ZWlogI]
= . I= _ .
! AL{ W+ Wo+...+ W, o AL sw
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Example 6.13. Construct the index number of business activity in India for the
following data:

i 1 4

Ttem ) o Weightage | Index”
(&) Industrial Production -’ A 250 ‘
(i) Mineral Produciion 7 " 135 .
(4#8) Internal Trade 24 - s+ 200 1
(iv) Financtal Actively 20 . 135
(t) Exports and Imports 4 325 !
(vi) Shipping Activity ’ 6 _ 300 .

Solul;ion. Ca.iculation of Index No. of Business Activity

Item Weighiage W Index ] ' Wi

(i) Industrial Production £ 250 "9000
() Mineral Production T . 135 o, 9457
, B TN
(i#) Internal Trade 24. 200 4800
(i0) Finanéial Activity 20 “135 2700
(v} Exports and Imports 7 az5. 2275
(vi) Shipping Activity "6 "300 * 1800
"“Total - o100 o © 21520
K L Wl 21520 _ . T *
Index No. of combined group CIwW 100 215.2. « {

X s ’ 3 - d
Example 6.14. A textile worker in the city of Bombay earns'¥ 350 a mo;uh The
cost of living index for a particular month is given as 136. Using.the following data,

find out the amount he spends on clothings and house rent. s
Group Food Clothing House rent Fuel Mise. | -
- Expenditure=- |~— 140 | =7 =mxs| & sfrise = 56-. |= 63 =
Group Index 180 150. “:r B '; 100 ™ Hq_“’f_ _ 80 T
' “ﬁszlu:t“i.on.‘m ‘o and ¥ de_nd_téfthe expéhdit'u__}e on clothing and house rent
respéctively. , " w7 ) -
i Gmﬁ})_ __ Expenditure W Group IIndex I | ‘ WI
"Food T T 140 | 180 | 25200
Clothing = e a ~ 1 150 . 150a
Housarent | b . 100 : 1006
Fuel : 56 [ 110 .. .6180 ',
_Mise. _ 63 1t s 5040
Total | 259+a+b=350 B 36400 + 150 + 100"
Now 259+a+b=350 » -
o . a+b=350-259=91
. b=9l—a. ] ]
el Lad 1 - - ""‘;-r ¥




R ST S ). . VN R S SO index Numbers
Now, cost of living index = W AT
136 = 36400 +150a +1005 i
’ - ' me b ’ )
_ 350 A NOTES
47600 = 36400 + 150a + 100091 ~a) : ¥,
11200 = 150a.+ 9100 — 100a fa 78
. 2100 = bl
R SR e AEE o 0 42 == TS _ r.:_:.r“*““*-:-s::‘-:m
h - 4 ’!E- 'g i ’3 @ -
, i J <
o Yy r;; ~r ;,x r;f! T T — SIS L I fsbru
L L S Wl o EXERCISE'.6.5 Sk S I«
-‘Ll A - " e qca
1. Construct index number of combmed group for the following data
= b GreupT AT | BTl TR T ITTTDY TR
_IndesNo. | 110 NI 95 "7 | 1607774 0170 "0 200
= = =y . =r. - - e T T, N 3 - L B
Weight | 4 |, .2, . SR
2. Find the index number of combined group for the fallowing data;
IndexNo. | 126 | 142 | 1187 92, | 169, |..157 '
% of Weightage | 25 a5 | 10 | 12 |8, .25 B
8. From the following data relating to working class consumers of;a city; calculate index "
numbers for 1993 and 1985, Pie 4w s
- 'jt . g N !
Fotar _ & tGroup Index = 5
Group Weight . -
T . et il o B T 1993\ .- - e - 1995
" [ Feed T T 48 T 10 ' 130
Clothing 8 120 : 125 ‘ ;
Fuel .| 7 " % 110 120 . '
. - - I = I L - pei L
House rent 1| 13 100 100
5 | * Miscellaneous, 14 . 115 135
gt i KR BT RN R 1L 2 . ] . . .
’ ' r R o] 1
_Answers
1. 136 2. 136,68 .% 8 110222 125222
o e F T ™ L
R BT, R .m &%&W o wﬂm-:«-a‘,l;y ey W:: L SRR v e Ao . SHE . ™
ESTS OFPADEQUACY OF INDEX NUMBERFORMULA
£ - b’- ——— —
H n X v C
6.20. MEANING L §
We have studied a large number of methods of constructing mdex numbers Stat;stmans
have developed certain mathematical cntenon for deciding the supenonty of one method
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over others. The following are the tests for judging the adequacy ofa partlcular index
number method : ¥
(i) Unit Test. '
(éf) Time Reversal Test.
(i) Factor Reversal Test.
(iv) Circular Test. . ¢ .

ey ¥

6.21. UNIT TEST (U.T)

8

An index number method is said to satisfy unit test if it is not changed by a change in
the measuring units of some items, under tonsideration, All methods, except simple
aggregative method, satisfies this test.

-

5 %y iy AL

E *re

6.22. TIME REVERSAI. TEST (T.R.T.)

An mdex numbers method i is said to satisfy time reversal test, if
o Iy XIp=1

where [, and I, are the index numbers for two periods with base period and current.

period reversed. Here the index numbers Im and I, are not expressed as percentages.

The following methods of constructing index numbers satisfies this test:
() Simple Aggregative Method,  ~
() Simple G.M. of Price (or Quantity) Relatives Method
(e) Fisher's Method.
(iv) Marshall Edgeworth's Method.
() Kelly's Method. =
Now, we shall illustrate this test by verifying its validity for Fisher's price index

]

" | number method.

P19y félql Ipod:  ZPoGy
Py = Jsooox<s=% and P = jTriix—t
. ¥ Zpogo oy an ¢ Inagy

where P,, and P, are the price index numbers for the periods ¢, and ¢, w1th base
penods t, and ¢, respectively.

We have

- = h

Now P xp =sz;qnxzplq1mexﬂq_o ’
07 10" Yipeqe Ipeqy VIR Idvg

¥ iﬁ_'r' % * L ." g

- [Z;go < 2% 2P0y ZPodo _ J--l
VZPoQo z:‘Jo‘l’l Img, Iy

F -_— ¥ L Do -_— - T

P01 X Pm‘ L

Example 6. 15 Calculate pruze index number for the year 1996 from the following
data. Use geometric mean of pme re.’.atwes Also reverse the base (1996 as base) aud
show whether the two results are consistent or not.

134  Self-Instructional Material




Commodity . Averoge price:i990(%) | Avérage Price 1996 (¥) Index Numbers
Y + 161 o T
- R En
B 9.2 - , &7
c 151 e T X g NOTES *
D 5.6 4.8 ‘
- - E [ I —_— :-’117—-' — e F— m::.,..-' LB Hemaes umew &
|- N R o
F " o 100 ) - -,“*_‘J'NHC.;. L u__jﬁ
- g Solution. Index No for 1996 » T g o
¥ . - .;-- Pl L | PO Ik B4 - '
Commodily By P: P= p_ % 100 -log P o
. 0
] r S A S
. s 14.2
A 16.1 14.2 T <100=8020 | 19455 .
87 = o
B 9.2 8.7 9g < 100= 94:57 v 1.9757
L N L 1 B W 12 ,. I ] L #
¢, |, 15, 1 125 i 157 X l00=8278 }1:9179
48 s Fos
D 5.6 48 — x 100 =85.71 1.9331
i |o 56,
SR 134y
E . ail7 134 l—ﬁﬂx 100 = 114.53 2.0589
R S _
F 100 SUATEN S ur 100=117 1.0682-
A e, T 100 :
n=g 1 R S "% log P=11.8993
v Flog P\ ! 118993
Price index no. for 1996 AL[ o8 ) =AL (——6-—) = AL 1.9832 = 96.20.
; n e
LX) k i ;-'
Index No. for 1990
Commodity Py Py : 7; P= —;—1 x 100 log P
0
A 14 16- | i@l 100 % 113.38 )" 2.0547
< 2 1 a5 X100 113.38. 2.054
9.2
B w| w87 |nn 920 . - E’? x 100= 105._1'5___,= ——— 2.0244,.. ...
151 TR T e nA L@:ﬁ N
_C | 125 |, w1 _|° 125 x 100 =,120. 80| e 2.0820.—. .
v ko] =, % |t D8 Sl T . ¢
-D 48 ° 56 ° —XIOO -116.67 2.0671
: sl 4'8 i 3
{117
E 13.4 11.7 154 x 100 = 87.31 1.9410
]
. 4 | ioo N -
F: | 117 100 s | 57 x100=8547 - 1.9319
n=6 | ElogP=121011
ZlogP 121011 1
*Price index no. for 1990 = AL( e ] AL ( = | = AL 2.0169 = 104,
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#'

¢ /Product of index-numbers = = 96.20 x 104 = 10004.8 = 10000 (nearly)
~*  Bince the index numbers are expressed as percentages the TR. T.is satisfied if

',::;‘.
=)
-2

their products is (100)2 which is 10000. - M
The index numbers are consmtent oy N
' ' St
| 6.23. FACTOR REVERSAL TEST (F.R.T.) ' .

An mdex number method is sald to satisfy factor reversal test if the product of price
index number and quantity index number, as calculated by the same method 1s equal
to the value index number. ™

™ In other words, if P,, and Q,; are the price index number and quantity'ihdex
number for the period zl_correspond.in"g to base period ¢, then we must have
iPl‘h
x =
s Py, Qm Vor'= ' $Poils
Fisher's mdex number method is the only method which satisfies this test.

Let P,; and Q,, be the Fisher's price index number and quantity index nunibeijs
respectively, then

W1

o & + %
p = 90, G and Q. 24,00 2‘11?1
& 017~ Y Zpego zpoﬁ'l o1 = Y Zgopy E‘InPI
: Nos <Q 'fpﬂo g . J Iq\po Zq,p; "
S 0=YZpoa0 Toots Voo  oPr -
coar Ao _ prﬁo o 29y Z0py  Zpy
v . _ T YZpodo Ipody .ZQoPo  ZQoP
3 - ML 1 — ¥ —x
LAY i - r - ’21919'0' X 2p1q; % Doy % D¢y -
Vzpo% z!"»’o‘a'l Zpogo }:{Pﬂu
‘ Ipg XImg, _ gy - -
» Vquo xIpoQy ZPodo '
L - = Value index number. .
Fisher's method satisfies this test. R

6.24. CIRCULAR TEST (C.T.)

periods £y, ¢, ¢,, ...... £

multiplying by 100.

[*3
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L n_ll

An index number method is said to satlsfy the circular test if I,;, I,,, L, ...... I

! “n-ln.

andI_j are the index numbers for the periods £ b &y, ..., £, T cOTTESPONdiNg to base

t respecttvely, then
x1

...... XINO -

n-1n

-

-

Here, also, the index numhers have not'been expressed as percentages by

et

Hn=L we have I, x1,,=1. LT - -
This is nothing but the condition of T.R.T. Thus, we see that the circular test is
-|. an extension of T.R.T. ¥

e




If n =2, we have" g el WX _
ImXquI =1oor IgXl,=ly & 5 . G IpxIpzED
~ The following methods satlsﬁes clrcular test: o w o 1y
.- () Simple Aggregative Method. - '
' (it) Simple G.M. of Price (or Quanuty) Relatwes Methocl
= (iti) Ke]ly’s Method.
Now we shall ﬂlustrate this test by verifying its vahd.lty 1u.
method for price index iumbers:

.

-

A 5
Here P01 =21 p - p o
- B 2;’0 zp 2p2

. P(;f x P12 ® P zpl z‘pz Ipo =1 r . £
) b1 -2}32 = .
Simple aggregative method satisfies this test.

Example 6.16. Constmcl‘. Fisher’s Ideal Index number. ﬁ‘om the fo.’,lawmg data
and show that it sansﬁes the factor reversal test: -

Article A ¢ Article B Article C
Year = :
_ "Price Quaniity Price ~ Quantity Price Quaniily
1975 16 % 4 4, i _| =2 2
o |, w0 | a5 [aom ] a5 6 ] e

Solution. Let suffixes ‘0’ and ‘U’ refers to data for the periods 1975 a.nd 1982
respectively. ™

Calculation of Fisher’s Index Numbers

-~ Article- Py @t Py | G P35 P, Pi% | Pody
A T 18 4 30 a5 . 64 105 120 56
B | 4 4 14 15 16 | 2t 5 56 6
C 2 2 6 . 2.5 4 1 35) 12 5

Total \ 84 | 141; | 188 67

Now, ther’s Ideal index number o ‘ i
Iy Ipg ’188 141
XS ) 100 = J—x—— x 100 = 21703
Xpogy  Zpedy 67

Venﬁcatwn of FR. T - )

Py = Flsher’s pnce index no, for 1982 with base 197 b (- 1) '
217 03

Q; = Flsher’ 8 quantll:y mdex number for 1982 with base 11975 &)y .? ey

"nple aggregative

. "

Al

gl 23 > SN N U -
1Po 1P1 67 141 | -
. Jiqopo Zqop; V84 188 - 07734 (Not as %)

01 = Value index" numbq!r of 1982 wn;h base. 1975 = 1) fTq -

: ' ; )

; &1‘11 . v

woe= =LE786 * 0T W 3 (Not'a5 %)
EV(] moqo 84 (L fart o F 4 T i 7 u.l‘ tp

Now, P01 X Qp =2.1703 x0.7734 = 1.6785 =V, (nearly)
F.R.T. is verified.

5

. Index Numbers
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1.

EXERCISE 6.6

r 3

‘Caleulate Fisher's index number usmg the followmg daté and check whather 1t satisfies

the time reverssl test or not, T xs Y.
1 1991 " 1992
Commodity T — o
Quantily Price Quant{ty R Pm:e
X 50 32 50 a £30 e,
Y 35 30 40 25
Z- 35- 16 50 18

2. Show with the help of the fo]lowmg data that tha time reversal test and factor revarsal

-

o

» Dase year .:x - Current year
Commodity : - - T - —
oo Price®) | ‘Quantity (kg) | Price(®) Quantity (kg.)
A [ s I ) N
{ B7 O T2 . 1000 T4 800
[ 6 600 ! 500
D ., 10 300 : 12 400 ’
E 4 800 1000
3. By using the given data show that Fisher's method of computing mdex numbers satxsﬁes'
‘TRT.and FRT. . )
>, F o E - ¥
1993 | 1995 ¢ ¢
Item S - —
Price Value ~ Price Value I
A 4 12 7. 21
B 60 120 « 65 195
C - S . 44 9 a6 -
D 27 ' 108 1. 30 )
T E 12 - 2,0 5 20% . 100
F 25 100 -~ 20 100
V{CONSUMER%PRICE INDEX N UMBERS (Qm P B

test are satisfied by Fisher's Ideal formula for. mdex number construction:

There is.no denying the fact that the rise or fall in the prices of commodities affect
every family. But, this effect is not same for every family because different families

Lconsume different commodities and in different quantities. Car i 13 not found is every

house.- Milk is used in almost every family but there are very few families who can

X

+*

| afford to purchase even more than 5 litres of it, da:ly

S

£

Py
&

.




s . { {"
& T The mdex numbers whlch measures the eﬂ'ect of nse or fall 1n ‘the prlceszof Im'emebers
varlous goods and serv1ces consumed by a partlcular group of people are. called
price index numbers help'in’ ‘estimating the : average change in the cost of mamt.amm

o ] Ay
particular standard’ of living by a'particular ¢lass of people,  *™- NOTES

LI w. |

x § [ I T = L

6:26.-SIGNIFICANCE OF C.RI, - = ~=n+ wio 7 :

il re - Ie

.

't) The consumer price index numbers are u‘sed in deﬂatmg money mcome to,
real income. Money income is divided by a' proper consumer pnce index numlruer to
obtain real income. fo

(it) The consumer price index numbers are used in wage fixation and automatic
increase-in-wages:-Generally; escalator clauses are provided for’ automatlc mcrease in
wages 1n accordance with i increase in consumer pnce index number: &7 wi
¢~ (&) The consumer pnce ‘indéx nimbers areTised by the planning ¢ commission for
framing rent policy, taxation policy, price policy; ete.  “t ™ s g ? u% x

£ T e T ox '

L F1 TR TEMETLA T "

6.27. ASSUMPTIONS .

. iz A

'The Gonsumer p pnce mdex numbers are computed under certam asgumptmns rThese

assumptlons are ‘as fo]lows wh 2 R AT BTN AN

T sl TRt dersl R T e
" @) I 15 assumed that the q quantltles of different goods and ser\nces consumed

are same for base period and currént period. S A '

(@) Itis assumed that the pnces of commodities are,approximately same in the
region covered by the consumer price lndex number.

(i), It is assumed that the commodities used in preparing C:P!I: are used in equal
quantltles in every famdy in the region covered by the index. number. - ok .

(w) It is assumed that the farnilies in the region covered by.the C'P.L. are of same
economic standard. Their demands are COMMON, ... = 4 agfge - s

These are very at.rong assumptlons and cannot-be. fullyimet in practical life.
That is why, the C.P. I for a region will not be exactly true for every famlly covered by
the index number."* dtas B R

N cema i e e o i ¥ B s s Fae e

: - . . B een o AR TR BA st
6.28. PROCEDURE R e A

\ ] w '
The ﬁrst step in computing ydonsuiﬁler price mdex number is to decide the category of |
people for whom the index is to be computed. While fixing the domain of the-index, the
income and occupation of families must be taken in to consideration. Different families |:
consume different commodities and that too in different quantltles Fora parucular, :
category of people, it can be expected that their expend.rture on dlfferent commodities | ;
will be almost same, _ =~ - - Aammr e e -

For ¢computing ‘index, -enquiry is ‘made about the expenditure of famﬂles on i
various commodmes The commodities are generally classified i in the followmg heads

@ Food . - _— S (b) Clothing - =" ,
{¢) Fuel and | lighting. =31 @ House rent i n
{¢) Miscellaneous.

e ow b
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After the decision about commodltles is taken, the next step is to collect prices
of these commodmes The price quotations must be ohtazned from that market, from
where the concerned class of people purchase commodmes The price quotations must
be absolul:ely free from ‘the personal bias of the agent obtaining price quotations. The
price quotations must preferably be cross checked in order to eliminate any possibility-
of personal bias.

All the commodities which are used by a particular class of people:cannot be
expected to have equal importance. For example, entertainment and house rent cannot
be given equal weightage. Weights are taken in accordance with the consumption in
the base penod Either base period quantities or base period expenditure on different
items are generally used as weights for constructmg CPIL The base. penod selected
for thls purpose must also be normaL " .

1 . ™

6.29. METHODS. | :

ref om oy

| There are two methods of comput.mg consumer price index numbers.

(t) Aggregate expenditure method.
* (i) Family budgét method. TR -

N - = -

6.30. AGGREGATE EXPENDITURE METHOD

" - - i + g . x
‘| In this'method, generally base period quantities are used as weights. y

ZP1% 100 v
b))+ FY. P
where ‘0’ and ‘I’ suffixes stand for base period and cutrent period respectively.
Zp,q, = sumof the products of the prices of commodities in the current period
with their corresponding quantities used in the base period.
Ip,g, =sum of the products of the prices of commodities in the base period
2 with:their correspond.i.ﬁg quantities used in the base period.
"'Sometimes, current period quantities are also used for finding consumer price
index numbers.
Example 6.17. Calculate the cost of living index from the following data by
using aggregate e.menduure method.

Consumer Price Index No. =

v

L YRR T e
Bem = | Quanlity consumed | T Priceinbase |- Pricein given
* in the given year .year v year
. 1 ) :
Rice ' 25 Qilox 12 12 25
4 L . 0 ’
Pulses 3kgx 12 Y04 Y
Oil ' 2hgx 12 1.5 . 2.2 +
Clothing " EmLx12 075 | I
Housing ' 20PM. 30FP.M:
Miscellaneous 10PM. 15PM.,
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Solution. - Calculation of Cost of Living Index Number
Item ! 9 P P TPy " Pefly
Rice = 30 | 12 25 - 750 . 360
Pulses 36 0.4 06 216 144
il 24 15 2.2 .52.8 . 36
Clothing 72 0.75 1.0 72 54
Housing ' 12 20 : 30 360 240
Miscellaneous ™ | 12- - 10" : 15 _ 180 120
Total - - 1436.4 824.4

—
e ;. ~14364
Cost of living index no. = gy x 100'="

% 100 = 174.24.
1 8244 )

6.31. FAMILY BUDGET METHOD

- - - . Ly [ NE
In'this method, the expenditure on different commodities in the base period, are used

as wéiéhts:' .
Consumer Price Index No. = —— A -
b - IW i
= Ppi o= L i g
where P = Price relative = b x 100.
0

Py, P, refers to prices of commodities in the base period and current period
respectively. -

W =p4g, v b
‘ IPW E(;’l“ ]p oo ';( x100)g, _ Zpy |
P X 0 170
Wehave CPI = = = —0 - 140, 100,
T A W ¥ poo &pygo Zpodo

Therefore, the C.P.1. calculated by using both methods would be same. Family

budget method is particularly used when-the expenditures on various items used in |.

the base period are given on percentage basis. _

Example 6.18. The cost of living index for the working class families:in 1988
was 168.12. The retail price indices with base 1984 = 100 and the percentages of family
expenditure in 1984 are given below. Find the retail price for the rent, fuel and light
group:

Group %of Family  « . Retail Price I in 1988
 Expenditure in 1984 (1984 = 100)

Food - . 40 - 132

Rent, Fueland Light | 18 ) 2

Clothing ‘9 210

Miscellaneous -] | . 200
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r A “'

Index Numbers

;
NOTES




142 Seif-Instructional Material
18

Business Statistics
RS it

_NOTES
710,

-—

Solution. Let ‘¥’ be the retaﬂ pnce index for rent, fuel and light group:

I ¥ ew b L5 ™ syoiy ke P T
= Group . % of Family™" Retail Price, |” “IW
. - = i Expenditure W *":.,- Index] | r— .
" Food . 40 ¢ S E 5280 .
¥ ¥ '.-!lc-. " ¥
Rent, Fuel and Light 18 } 2 x 18x ¢
N = g 1
Clothing: k :9; ~—~ 210 ;1890
; Miscellaneous ¢ a3 . t 200 6600+ .3
o Total g [ IR ) 18770+ 18x - -
IP .*‘f-". e T ‘ EIW . T
Cost of hvmg index for 1938 STW £ n -
4.7k ML L AR E s 99 ¢
Seord b7 e lge aTT0a18r % R
- 100

-_h-n:t: ‘.-_':-_.—-er*:.:ﬂu'_‘:r e oRer
Example 6.19. The group mdwes and correspondmg welghts for.the working -
class cost of Living index numbers in an mdustrml c:ty for ‘the years 1989 and 1990 are,

o —— b

{[_‘,,jq e ;16812 13770’ ; ﬁ

.

given below:
,.u-?.‘-' - . .

Group Weight Group Index for 1989 '|'* " Group Index for 1990
Food 71 370 380

Clothing 3 ‘4230 K lage 504 ap
Fuel 3 469 r 336

House rent ... 7 . 110. L1168

ik g o A -~ Sy L di

M;scellaneous Mgt ¥ 279 283 .0 |

1

i

Compute the cost of living index numbers for the years 1989 and 1990. If a tvorker
was getting X 3,000 per month in 1989, do you think that he should be given some extra
allowance so that he can maintain his 1989 standard of hmng? If s0, what should be
the m;rumum amount of this extra allowance? o

Solutlon Calculauon of Cost of Living Indices for 1989 and 1990

iy raszs| Weghla le v n 1989 0 ey n 1990
i3 Groups LW & oy wud TW w Iy w  «
Food 71 30 | ge2r0 "a80 | "26980
“Clothinges =M. . 8w | 4 428 o 1296 |7 1504 g 1512
b Fuel,x o |, w9, w469 | v 422lr | 34,336 3024
Houserent |, 17 | 10 770 -] 1168 i, 812
t Miscellaneous 10 279 2790 283 ~ 2830,
, Total | 100 - |, 35320 35158,
; G - ZIW 35320
Costof].wm md x for 1989 = ——=——— = 353.2 .
g mde 989 = Tw ~¢100 0
IIW 35168 .. roN
Cost of hvmg index for 1990 = 3w = 1o - 351.58 - ?

+

1

13 100

{ The worker should not be given any extra allowance, because the cost of living
index has not increased in 1990...

b8 TN etes ﬁh‘;.-'“ Ty

- A ———

'
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- ) Index Numbers
. EXERCISE 6.7 | . | .
1. In the construction of a certsin cost of living index number, tﬁeifoﬂbwing.gfaup index
numbers were found. Caleulate the cost of living index by using weighted A.M. “ ,
- _ : - I NOTES
Group 4_ ! Index No. .. Weight
Food 350 )
Fuel and Lighting Y o007 , L1
Clothing = 240 1
House rent 160 1
Miscellaneous 250 2
2. "The following are the group mdsx numbers and gre group welghté of an- av;raga ;oﬂung
. class family budget. Construct the cost of living mdex number by assigning "the glvan
== weights; ~— = ? _
E e e e n LS H W e nE L +
- Group 5 . IndexNo.  «u| <4 1« Weight. ¥
Food ‘ g5g~+* ¥ 3 48
«|  Fuel and Lighting’ 220 1. “10 0~
% | Clothingf 1 3 2230 Plaow * aeg F
+ % Housé rent . Jleg ¥ g
Miscellanecus . 71900 fE | 15
. N - Lo ¥ . - e
8. Construct with the help of data given below the cost of living index numbers for the
years 1960 and 1961, taking 1959 as the base year:
e
s " Group . .| Unit Price in 1959 | Pricein 1960 .|,Price in 1961
) Foodgrains per md. 16.00 i #1800 - 3 120,00
o5 L_‘Cloth_ing " per mt « 2.00 1.80 220 e
g | Fuel gesh ‘per md. _y| “4.00. "5.00° 5.50.
n El_ecg‘ricity “per unit 0.20 ., »  +.026 =+ (.26
i | Houserent |, perroom .| .10.00 » 1200 © 15.00
Miscellaneous| perunits | + 0.50 '} 080 | o5
2 Give Welghtage to the above groups in the proporuon of 6 4, 2 "2; 4 and g respectwaly
4. From tha following figures, prepare | t.he oost of hvmg index number by using “Aggregate '
Expendltura Method" .
: Tier - al
. .| Article Quantity Consumed Units  |.}Price in Base. “Price in
in Base year year 1971 - Curreni year
o N i . 1981
" | Wheat squs. . | ,.60 100 240
Rice 1QtL Qtl . 120 300
Gram 1Qtl Qtl 80 200
** Pulses ' 2Qtl. Qtl. “160 ~ 400
* | Ghee " 50 kg. « ke 20 40
- : - " W -
Sugar £ 450kg. kg 2 . 6
# . Fire-wood s -5 Qs e Qtl. 16 ’ 40 !
Houserent | * 1 House- Housa ™| ™ 50 100 -
1 Self-Instructional Marenaf
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‘Construct cost of living index for 1996 based on 1990 from the following data:

Group Food * ‘| Houding."| Clothing | Fuel | Mise.
Index No. for 1996 e { e N IERE .{' N
" L(Base1990) & | “122 7 | - 140 112 oué i 08
TWeight T |7 82" |, T 10 10 8, 42

———— — — — —L
Answers .
285 2. 276.41 8. 112175, 180.75 s 4. 226.05
115.72 . ' e A

— = _—— - ——

I - — LI i . & ‘ -
632, SUMMARY ~  “ "% ¢+ v kT
. L 2w, [ 7 . - &}

g

£

¥ =
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The index numbers are defined as specialized averages used to measure change

in a variable or a group of related variables Wlth respect to time or geographlcal

location or some other characteristic. t

The barometers are used to study changes in whether éoriditions,-"similarly the
index numbers are used to study the changes in economic and business activities.
That is, ;why, the index ngmbers are also called ‘Economic Barometers’,

Index numbers are used for computing real incomes from:money incomes. The
wages, clearness allowances, etc. are fixed on the basis of real income. >

Index numbers are constructed to,compare the changes.in related variables
over time.

Index numbers are used to study:the changes occurred in the- past.. This
knowledge helps in forecasting. & ¢ 1

Index numbers are used to study the changes in prices, industrial productmn
purchasing powers of money, agricultural productlon etc., of different countries.

Theprice relative:of a commodity in the current period with respect to base
period is defined as the price of the commodity in the current period expressed

as,a percentage of the price in the base period. o

If there are more than one, commodlty under consideration then averages
of link relatives (A.L.R.) are calculated for each period. Generally A M. is used

“for averaging kink relatives. These averages of link relatives (AL R.) for djﬂ'erent

time periods are called chain index numbers. The chain index number of a
particular period represent the index number of that period with preceding period
as the base period.

_ Quantity index numbers are used to show the average change in the quantities

of related goods with respect to! tlme These index numbers are al&o used to

méasure the level of production. .

The mdex numbers which measures the effect of rise or fall in the prices of
various goods and services, consumed by a particular group of people are called
consumer price index numbers for that particular group of people. The
consumer price index numbers help in estlmatmg the average change in the
cost of maintaining pamcular standard of living by a particular class of people.

- L




, Index Numbers:
6.33. REVIEW EXERCISES

~ 1. “An index number is a special type of average.” Discuss. : .
-~ 2.-- Write a short note on “Factor Reversal Test” I lan - = NOTES

s What s thar’s ideal method of computing index numbers? Why is it called ideal?

4 What ‘main pomts should be'takén. into colnmderatlon while constructmg mmple index
nos? Explain the procedurs of construction of sunple index numbers talung example of
five:commodities. -~

5. Why Fisher's Ideal formula called ‘Ideal'? Explain by giving an example that it satisfies '
timne and fact.or reversal tests. - e l

N6, Whati is Index Number'? What problams are mvolvecl in the const.ructmn of mdex nutnbers?. I
"-Give different formula.e of index numbers and: state whlch of t.hese is best and why? i
v 7. What dre consumer price ‘index numbar? What is their mgm.ﬁcanoe" Discuss the stepsi
involved in const.ruct.mg a consumer price index number: '
%" V"
¥ i i B
PRy * o I
'"' 4 % Q. }
: a1
- L5
)
* w  F 15 R I T | "
. 4 -~
. ; ; = ]
ST G S R Y ¥
; i t
& b t
. A
} i
=t e moam o= = —_— = —_—_ [T . B o
== = . -y S = e — y = ks
4 - ] >
o T LED S ST
e = - bl e Y o o A == - et
o 3o = il J [N
) i 7 L ] L2 * .,
IS ] t ¥
. 1 Y Hor o % 3
|3 Fia - &
) B
i . !
1 " It + - iz [ 1t
H { k1 ’] f “‘ r *
LI 3 s KRNV P EACLENFRS
, 2 ) IS h
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| .,3; MEASURES OF CORRELATION

Lo

Introduction
Definition
Correlation and Causation
Positive and:Negative Correlation
Linear and Non-linear Correlation
Simple, Multiple and Partial Correlation
1. Karl Pearson’s Method
Definition
Alternative Form of ‘'R’
Step Deviation Method

II. Spearman’s Rank Correlations Method
Meaning
Case I. Non-repeated Ranks
‘Case II. Repeated Ranks
Summary
Review Exercises

7.1. INTRODUCTION

In practical life, we come across certain situations, where movements in one variable
. ére accompanied by movements in other variables. For example, the expenditure of a-
family is very much related to the income-of the concerned family. An increase in
income is expected to be accompanied by an increase in the expenditure. If the data
relating to a number of families is collected, then it would be found that the variables
mcome and ‘expenditure’ are moving in sympathy in the same direction. An increase
in the day temperature may be accompanied by an increase in the sale of cold drinks.
T The marks in Acoountancy and Mathematics papers of students in a class move in the
same direction, on an average,.because a student who is brilliant in one subject is
expected to be 50 in the other subjects also.

a
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- . T o Meastres of Correlation

7.2. "DEFINITION' " . | M (

I e wi

If the changes in the values of one variable are accompanied by changes in the values _

of the other variable, then the variables.are said to'be ¢orrelated. The correlated NOTES *
variables move in sympathy, on an average, elt.her in the same direction or in the
opposite directions. According to LR.- Connor““If two ‘or more guantities vary in
sympathy so that movements in one tend to:be accompanied by corresponding
movements in the other(s), then they are said tobe correlated”. In other words, variables
are said to be correlated if the vanatlcns in one vanable are followed by variations in
the others, -

. ¢

—— e e R i -z M ame T W T ol P T

7.3. CORRELATION AND CAUSATION * — " 17~ «='

]

Two vanables may be re]ated in the sense that the changes in the values of one vanabl: 1:
are accompanied by changes in the values of the other vanable But this cannot be
mterpreted in the sense that thé changes in one varlable has necessarily caused changes
in the other variable. Their movement in sympathy may be due to mere chance ‘Ahigh
degree correlation between two variables may not necessarily imply the existence of a
cause-effect relatlcnshxp between the variables. On the other hand, 1f there is a
cause-effect relatlonshlp between the vanables, then the correlatlon is sure to exlst

. and expendlture is due to the fact that expendlture is sﬂ'ected by the income.

Now we shall outline the reasons wluch may be held responslble for the existence |.

of correlation between variables. o Yo, g . Wy -

4 The correlatlon between variables may.be due to the-effect.of some common |,
cause. For ex;a.mple positive correlation between the number of girls seeking admission |
in colleges A and B of.a city may be due to the effect of increasing interest:of girls -
towards higher education. ., , . 4 o«

The correlation between variables may be due. to. mere chance Coneuder the. |,
data regarding six students selected at random from a co].lege

Students A § B |- ¢ D | E F

% of marks obtained in | 42% 47% | 60% | 80% - 55% 40%
the previous exam. o F Yy e ] e
Height (in mches) T 6'0" ¥ ‘62“ |¥ 65 7 | 64 T )

— = ; :
Here the vanables are mwmg in. t.he same dlrectlon and a high. degree of
correlation is expected between the variables. We cannot expect this degree of
correlation to hold good for any other sample drawn from the concerned population. In

this case, the correlation has occurred just due to chance, - . —
The correlation bétween variables may;be* due to'the presence of'some cause- |
effect:relationship between-the variables. For-example, a high: degree correlation
between ‘temperature’ and ;sale of coffee’;is due to the fact that people like takmg.
coffee in the winter season.. » L o
. The correlation. between variables may alsc be due to the presence of
mterdependent relationship between the variables.. For example, the presence of |:
correlation between amount spent on entertainment of family and the total expenditure -|
- 1T 4 a % T H
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Business Statistics of family is due to the fact that both variables effects each other. Slmﬂarly, the variables, ~
t.(ital sale’ and ‘advertisement expenses are mterdependent

ki . AR s Bt e e

NOTES. s T ong o \.TYPES OF CORRELATION .
Correlatmn s, class1ﬁed. in. the followmg ways o "
. (i) Positive and Negative Correlation. "‘

? (if) LinéaF and Non:linear Coirelation. * 1 ‘ r

(i%) Simple, Multiple arid Partial Correlation.
'

7.4. POSITIVE AND NEGATIVE \cORIlEI.A'I'-_ION m * 5 -
== TS B - S - A e ewet e T T
The correlatlon between two variables is sald to he pos:twe if the varlables on an
average move in the same d.u‘ectlon That is, an mcrease (or decrease) in the value of
one variable i8 accompamed on.an average; by an increase (or decrease) in the value
of the ‘other variable. Wé do not stress that the vanables should move strictly,in the
_same dlrectlon For example consrder the data

(<]

2 g} p) : 3 6 g 11

y 7 a1 |7 18 13 18 22

-

¥ Here'the values of y has'increased corresponding to every increasing value of x,

except for x = 6. The correlation between the variables x and y is positive.

The correlation between two variables is said to be negative if the variables, on
an average, movein the opposite directions. That is, an increase (or decredse) in the
value of one variable is accompanied, on an average, by a decrease (or increase) in the

value of the other variable.. *
Here also, we do not stress that the variables should move strictly in the opposite
directions. For example, consider the data: . 2t
. - g .
Loan 110. 107 . 105 95 80
¥ -8 4. 15 ' 14 27 36

Here, a decrease in the value of ¥ is accompamed by an increase in the value of
‘ y, except for x = 105. The correlation between x andy is negatlve

Thus, we see that the correlation between two variables is positive or negative
according as'‘the’'movements-in the vanables are in same direction or in the oppoelte

directions, on an average. ” . 3 T 30
B 4 s

fal . . ks e

7.5. LINEAR AND NON-LINEAR CORRELATION "

The ¢orrelation between two variablés is said to be linear if the ratio of change in one
variable to the change in the other variable is almost constant. The correlation between
the ‘number of students’ admitted and the ‘monthly fee collected’ is linear-in'nature.
Letx and'y be two variables such that the ratio of change in x.to the change in y is
almost constant and if a scatter diagram is prepared corresponding to the.variables
x and y, the points in the diagrams would be almost along a line.
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The extent of linear correlation is-found by using Karl Pearson s method, Mwm of Correlation

Spearman’s rank correlation method and concurrent dev1at10n method.
EEE] : . o 7t

; ; ; i )
Vi N Y f. E .
" .
- - . >
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** Non- llnear oorrelation

ia

The correlation between two vanables ig said to be non-linear if the ratio of
change in one variable to the change in the other variable is not constant. The correlation
between ‘profit’ and ‘advertisement expenditure of a company is non-linear, because if -
the expenditure on advertisement is doubled, the profit may not be douhled Let xand
¥ be two variables in which'the ratio of changé‘in x to the change i in y is not constant
and if a scatter diagram is drawn corresponding to the data, the points in the diagram
would not be having linear tendency.. 4 T

nt x w ¥ L

7.6. SIMPLE, MULTIPLE 'AND PARTIAL CORRELATION

The correlation is saLd to be simple if there are only two variables under consuderatlon
The correlation between sale and profit figures of a departmental store is snnple If
there are more than two variables-under consideration, then the correlation is either
multiple or partial. Multiple and partial coefficients of correlation are called into play
when the values of one variable are influenced by more than one variable. For example,
the expenditure of salaried class of peOple may be influenced by their monthly incomes,
secondary sources of income, legacy (money etc: handed down from ancestors) etc. If
we intend o find the'effect of-all these variables on the expenditure of families, this
will be a problem of multiple correlation. In multiple correlation, the combined
effect of a number of varlables on a variable, is considered. Let. X,,"%,, %, be three
vanables, then R1 . denotes the mulnple correlatlon coefficient of X, On X, ~and Xy
Sumlarly R, denotes the multlple correlation coefficient of x,0n X, and x,. In partial
correlation, we, study the relationship between any two variables, from a group of.

more than two variables, after eliminating the effect of other variables mathematically |

on the variables under consideration. Letx,, %,, x; be three variables, then r,, , denotes

.NOTES_
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the partial correlation coefficient betweeri x, and- 12 Smularly, "13 2 denotes the partla]
correlation coéfficiesit between' x, and x,. The méthods of computing multiple and partial
correlation coefficients are beyond the scope of this book. Thus, we shall be discusging
the methods of computing only sm:_nple correlation coefficient.

*.

e g

LY KARL.‘.PEARSON’S METI-IOD
7.7. DEFINITION Lo =
Let (x;, ), (x5, %)), ~, &, ¥,) be n pairs of valu;s of two \;aﬁables x and y with

.respect to some characteristic (time, place, etc.). The Karl Pearson’s method is used to

study the presence of linear correlation between two variables. The Karl Pearson’s
coefficient of correlation, denoted by r(z, y) is ‘defined as:

LY G -DE-)
il i *
=T
E (x __x)2 Jz (y; y)2
izl i=1
. . x~-Dy-P
|.or simply, r= - — .
\ VEE -0 Iy -P
where x and ¥ :are the A M.’s of x-series and y-senes respectwely ="
& This is called the direct method of oomputmg Karl ‘Pearson’s coefﬁclent of
“correlation.. ¥ ; . ‘if L
Ifthere is no chance of confus:on we wnt.e rix, y), ]ust as r ‘ §
It. can be proved mathematlcally that~ 1 <r<1. & ®IE K

.If the correlation between the variables is linear, then the value of Karl Pearson’s
coefficient of correlation is interpreted as follows:

Soa - . A _— [~ [PV —
v , Valueofir's gy Degree of Imear correlauou AN
I " I = _between the variables.._ S RN
- | f r=+1 _ - Perfect positive correlation. “ C o
=, .- 0755r<1 ‘High-degree poeitive correlation - 3 .[*
PR a} R 0, 50 % r<075 - - Moderate degree positive correlation~ o8 %
PR P «0<r<050 . | ~ Low degree positive correlation ~  |*mx
i ) r=0 . No correlation Y ©
= 0 50 < r< 0, .., Low degree negative correlation 421, [ s *
- 0 75 <rs- 0 50 ¢ Moderate dagree negative correlation Ly v
~l<rga 0 75- . High degree negative correlation , « |'r =
N Lr=-1 - " Perfoct negative correlaticn in

Remark 1. The Karl Pearson 's coefficient of correlatlon is also reforred to as product
moment correlition coefficient or as Karl Peatson’s product moment correlatlon co—

efficient. I »

. & Remark 2. The Karl Pearson’s cosfficient of correlation, r'is also denoted by p(x, y) or

simply by.p. The letter.p is the Greek letter ‘rho’. b noa '
¥ £ . ¥ j - X ot ) *
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Remark 8. The square of Karl Pearson's coafﬁclent of correlation is called the coeffi-  Measures of Correlation
cient of determination. ’

" For example, if r = 0.753, then the coefficient of determ.matmn is (0.7532 = 0. 567

"l‘he doefficient of determination ‘always les between 0 and 1, both inclusive. -
[ . i

@l

_ = ¥ .NOTES
Remark 4. r= 2% _x)(y 7) implies & N . 27
i Vi - 9P ity - 77
‘ e -D) (=7 -
r= = - = 2 ) +
nJﬂx-x)z [y -5) _ ' N
* EI'. \l n ) ] !_ * ;
i o ¥ 1' \ -
_Ix- ) (y- ?) . .
* no, a, = A 1 £
1] . v Al
Example 7.1 From the data gwen below calculate coefﬁcwnt of correlatwn and
interpret it: B T Ay
. ‘ e o2 ow o wat sl LI S e iy
Number of items S H, tgt \I‘ - v .
Mean | = Y ' :‘ . B _\68_ *; A e w -‘
- Sum of squares of deuvtations from mean e 36 4«

Sum of products of dematwns of x and 'y fgom thear re.';pecube means = 24
Solution. We are given o

n=8 % =68 § =69 (& =x) =365y =) 324“;7};(:: _-'-*5,—):(,;"_-3—,)-:= 24,
CoefTicient of correlation, - o ’3
M-I y-5 . " 4., 24 * +'§*603
JE(x )2 JZ(y y)z J_J_R 39.7995

‘There is moderate degree posmve lmeax_' correlatlon bel:ween the variables

xandy.

Example 7.2. Two variables x and y when e.rpressed as deviations from their
respective means are as given below: -

X ) -”'—3 -:-2-~ e 2o 1 - ‘-.-"-r-om‘- = :—;::e._+ I,.-.-—..:=_-' e :"2 = -_a-==——..+.3mﬁ
Y -8 [y 0-"\"" 1 #2¥ ey 48 UV AL £55 F
oo oopwed . . ADT . = Y ———— p————
“Find the coefﬁczent of correlatwn between:cmd oy 4 g R
Wi K _ ' 0
M‘!Solutlon We haveX =x- x‘“and M&:,, w¥. ot um 'T o ens It
C Bx=x)y-¥), ot 7 b e 2AY - o

Alsorx = = = '
w97 B - By =5 “ A3 * NIX \’ VEX? JEYTa om ()

"«’ﬁ‘ b " " w ko f”‘"& y LT f toed ot b 4 _
. T o o e Fa . hhaer ow, AaS g e w - @ 7 *
L2 A o SR T O S ENR £y I L
. . ey

A
. R S 0 igtd
F7y
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-Business Statisties ¢ & - > Calculation of r(x, y) * _
S.No. X Y XY X r
. 1 -3 -3 9 9 9
NOTES 2 -2 -1 2 4 1
3" -1 0 0 1 0
4 0 +2 0 0 4
: 5 +1 +3 3, 1 9
' 6 +2 +1 2 4 1
7 +3 +2 6 9 4
n=1 ZX =0 IY=4 IXY=22 | zX®=28 IY? =28
" N - c
(1) unphes r(x, M= J_ 758 ﬁ =0, 7857 H

Example 7.3. From the dota given below, find the correlation coefficient between
variables X and Y; n = 10, Zxy = 120, 2x% = 90, S.D. of Y series = 8, where x and y denote
the deviations of items of X and Y from their respecuue AM.

Solution. Wehave n=10,Zxy= 120 2% =90, 0, = 8 -
Also x=X-X and y=Y-YT N
LSS RXY - V) = Ery = 120, ZX - 0% = I = 80 vy s
2 —
oy = 81mphes" (YRY) =8 or (Y- =(82x10=640. =
ZX- XY -1
. r(x’Y)='. . T2 e
aenin R -XPYEY -V
- 120 ° 120
WM T 0% J640 3410 x 810
120 1 '
_-—— Y i 1
=250 0.5. ' ) .

-

7.8. ALTERNATIVE FORM OF ‘R’

In the abave examples, the calculations invoRed in Example 5 is much more than in
other examples. This is due to the fractional values of ¥ and 7 in the data. Suppose
for some data, we get ¥ =27.374 and y = 14.873, then it can be well imagined that lot
of time and energy would'be consumed in computmg the Karl Pearson’s coefficient of

correlation. There are very few chances to get ¥ and 7 as whole numbers. In order to
avoid the chance of facing difficulty in-computing deviations of the values of variables
from their respective arithmetic means, an alternative form is used which is discussed
below:

2x; -xHy; - ¥)
r= .
V205 - 22 {20, - 5

. We have
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(I'-r.) y x(Zy,)+ m¢J’

E(x, - _)(.‘)';
__Z'x y‘

Now,

R‘-’_\W‘

= 22,5, 4

n n
Also - E(.'c, - =3z} TE2 -~

T a2 o (B -

=¥yl (Ex,’)z - nxxgz - (215)2
T - .

2 _ e 12
- Similarly, Xy, - 7)? =E&_?(£y_;_)_ e
rzl Zx; = X}y ~ ¥)
VB - DAZG; - 3
nZx;y; —(Zx;) (Ty;) B
n

an"xf-l ('zx,-)?;fa;zy,-%— (Sy;)*
. -y hot n

n}:xiyi (I‘xi) (Eyi

*

implies

r=

2x.%) = Xx;? +n.x 2(2.1:)3:,

»

LIANE §

wfmi - Gx)* o3y ® - (y))*
For simplicity, we write .
_nixy - (x) (Zy)
ynEx? — (20)% ynEy? - (Zy)?

r=
H *

Example 7.4. Find the coefficient of correlation for the following data:
n =10, Zx = 50, Ty = - 30, Ex* = 290, %y = 300, Zey == 115. «

—

nXxy - (20).(5y)

R L e S

‘10(- 115) - (50)(=30) ~ ~¥"F

110(290) - (50) {/10(300) - (- 30)2~

___ 30 " 3 _ 350
J40072100 /8400

=

.-.Solution. r= J

. =

rhi

=AL [thm

r

X

-

’c.iuﬂ

JJ:

-t

+

= AL [log 35 - % log 8400] —AL [1.54;41— %(3.9243)]

= AL (- 04181) = AL (1.5819) < 0.3818.

Example 7.5. Calculate the Karl Pearson’s mefﬁcwnt of correlation for the data

given below:

-n'i;s._. -~

H
%

e

26) (%) _ nBry; ~(2x)(Sy,)

L

ot

i
B L T T — i

?
Measures of Correlation

o ——— — e a -, e

e S e —

B s e U T S

i

¥

- ’

x 4

10

11

HERE R - '
4

u

*'6

12
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Business Statistics

o U

NOTES

Jrere

Solution. Calculation of ‘v’
S. No. X ¥ xy af ¥

1 4 2 8 U 4

2 6 3 18 36 9

3 8. 4 ™ 32 , 64 16

4 10 6 80 100 36

5 11 - 12 * 133 2121 » 144
n=5 Zx=39 Ty=27 Tay = 250 £a2 = 337 342 = 209

nZxy - (Zx) (Zy) B(250) - (39)(27)

T Tnm P ynEyt - () 5(33T) - (39)* {B(209) - (27)?

_ 191 197
= J164 316 227.6488

Remark. We have already found ‘7 for the ebove date in example 5. The reader must
have felt comfortable in using the alternative form of r(x, ¥).

‘Example 7.6. Calculate the Karl Pearson's coefficient of correlation for the data
given below: :

= 0.8654. ,

(4 2), (6, 3), (8 9),(10, 6), (11, 12).
Solution. Let x and y respectively denote the first and the second variables.

= Calculation of ‘T’ B
S. No. x oy O ¥
1 4 2 8 16 4
2 6 3 18 - 36 9
T3 8 " 4 " 82 64 16
RN U T Rl I - w80 3 100 |, » 36
5 ar 12, | 132 12t 144
n=5 Tx=89 - y=21 * Zxy =250 Ex? = 337 q Zy? =200
- nExy-(2NZy) ' 5(250)- (3927
JnEe® (22 YnZy’ - @) - {5337 - (39)* {6(209)- @D
__ 197 ilieg 197
V164 /316 164 316 .
. 1 :-"‘:AL_‘.[l_og 197 - % (log 164 + log _316)]
1 L3 . i ® ,
Y =AL [2.2945--—(22_143+2.49__97)]._. . o
2 3 L

T
[ 14

= AL (2.2945 - 2.3573) = AL (- 0.0628)
= AL (- 1 + 1-0.0628) = AL (1.9372)= 0.8654.
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Example 7.7. Calculate coefficient of correlation between Density of population
and Death rate for the following data :

"
]

* Region Area (m 8q. km ) Pbpuh:tiorg . Deaths
A 200 40,000 480
B 150- 75,000° 1,200
C 120, 72,000 1,080
e o *D so_’{?- 20,000 . 270

Solutmn Let the variables 2 and y denote ‘densn:y of populatmn and ‘death
rate’ respectively.

L

We have | *
¥ ¢ ’ % . :
Population No. of deaths
i 1N = ————— o e
Density of population Aren :-}nd Reath_\frate Population » 100
: , 40000 . - 00 =
For region A, -x=. 200 -.290, y_‘f%OOOO x100=12
. 75000 1200 _
For region B, . n XS 50" - =500, y= 75000‘>< 100 = 1.6,
' . _ 72000 . {21080 _
For region C, =g = 6[10 72000 x 100 = 1.5.
. 20000 ~ _
For region D, x= 80 =250, y= 30000 190 -; 1.36.
s oF i S
Correlation. betweelj x and Y,
S.No. x| vy Ll-n w1 s e s ¥
1 200 ‘127 240 ¢ 440000 144 ¥
2 500 16 - 80O . 250000 vl . 2.56
3 600 : 1.5 900 380000, ‘225
4 ¢ 250 1.35 3315 | 62500 1.8225
n=4¢ Ix = 1550 Iy=565 E:l;y =92277.54i Za? = 712500 Iy =8.0725

nixy-(ZZy) . °
anxz —(=x)? JuZy —(Ey)2

j' 4(2271.5) - (1550)(5.65)
J4(712500) - (1550)* 4(8.0725) - (5.65)°

- : 1
3525 * 3625 = 0.8692.

~ J447500403675 405532

Example 7.8. In two seis of variables of X' and Y with 50 observauons of each,
the following data were observed:
ot Iy wl 1 r

X =10,SD.ofX=5 ¥ =6,SD. of V=2 rXY—+03

However, on subsequent verification it-was-found that one.pair " with value of
. X(=10) and value of Y.(= 6) was inaccurate and hence weeded out. With the remaining
49 pairs of values, how is the ongmcd value of correlation coefficient affected?

Self-nstructionial Marérial
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Business Staisties # " Solution. We have n=50,X =10, Oy = 3,‘:? =6,0y=2, rg=03.

X-= = = 0= zx = X =500
n 50 i
NOTES . - L
: Y= -Z—Y - 6= X = ZIY=300
n 50
. X2 o, " %2
= —_—X = _ 2=9
oy=3 = m 3 =>‘ 50 “(19)
= X2 = 109 ¥ 50 = 5450 N
_ . : zYz ve _ EY2 2
» Oy =2 = o Y =2 = = (6)
= IY2 = 40 x 50 = 2000.
* nEXY - (EXXZY)
Also Fyy = = = = 1
YnZX? - (2X)? {nZY? - (V)
. 50ZXY - (500)(300) %
) /50 % 5450 ~ (500)% /50 x 2000 — (300)2
_ 50 2XY - 150000 .
T 150x100 T - ' Loos
= 0.3 x 15000 = 50 EXY - 150000.
= 50 EXY = 4500 + 150000 = EXY = 3090.

After dropping the incorrect pair (X = 10, Y = 68), we have 49 pairs of values.
Now we find correct values of X, Y, ZX2, Y2 and ZXY.

Corrected sums . "
2X = 500 — 10 = 490, Y =300 - 6 =294, :
X2 = 5450 — (10)? = 5360,  IY? = 2000 - (6)? = 1964,
XY = 3090 — (10 x 6) = 3030.
nEXY - (ZXXEY)
Correct ryy =
JnIX? - (ZX)? 3Y2 - (ZY)?
_ 49(3030) - (490)(294)
" J49(5350) - (490) /48(1964) - (204)?

4410 4410

= =0.3.
J/22050/9800 14700
*| EXERCISE 7.3 !
1. Find the coefficient of correlation for the following data:
X 2 | 10 8 8
x4 4 ' 6 7 10
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2. Find the coefficient of correlation for.the following data: - - Measures of Correlation
- £ | = 2= g = | 6
’y -4 * 3 _ 2 x 10
'_ 8. Caleculate the o_oeﬁﬁciepf. of correlation between x and y for the following data: - NOTES
Cox 2= 4 | s- 6 |° & 8 8 10 '
¥, 5. 6 6 8 4 8 | .12 15
4. Find Karl Pearson’s coefficient of correlation between x and y for.the following data:
x 8 4 8 * [ 3 8 2
oty i) 3 s T = 7 8 =9 2
) 3
.5. Find the coefficient of correlation for,the following data: * '
x 1 2 3 4 | 5 6 7 8 9 10"
¥ 10 9 8 | 8 6 12 4 18 1 ‘
8. Calculate the coefficient of correlation between X and Y for the following data:
x| 1] 2 | 3 a 5 6 | 7 | 8 | o
Y | 9 8 | 10 12 .11 | 18 | 14 | 18| 15
7. Caloulate the coefficient of correlation for the following data: " !
=10 7] 12| 12,9 |16 12|18 12 14 | 16
y| e| 4] 7| 8|10 | 7| 10| 15)] 5|6 |11]13
8. With the following data in 6 cities, calculate the coefﬁclent of correlation by Pearson's
method between the density of popu.latmn and the death rate
[ City Area in square Popu!atwn Nq_.- of deaths
* Eilometres ( in thousands)
A . 150 30 300
B . 180 L 90 1440
C ' 100 40 560
D 60 42 - '840
E 120 72 1224
F 80 24 312
9. Coefficient of correlation between variables x and y for 20 pairs is 0.3; means of x and y
are respectively 15 and 20, standard d.evmtmns are 4 and 5 respectwely After calculations,
it was found that one pair with values ( @7, 35) was taken as (17, 30). Find the correct
coefﬁment of correlation between xandy.
P : Answers - .
1. r=0.2859 2.r=0. 7825 3. r=009623 3
4 r ='0.4078 5. r=-0.1840 6. r=095
7. r=0.748 8.r=09876 < Qj =AO.521.
- LY i
.
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‘Business Statistics
7.9. STEP DEVIATION METHOD* #o - 1

—— - H

When the values of x and y are numerlcally hlgh as in Example 12 of Artlcle 10.15,
NOTES the step deviation method is used. - - i -

Dev1at10ns of values-of variablés x and y are calcilated from some chosen
axbltrary numbers, called A and B. Let'h be a positive common factot’ of all the deviations
< — A) of items-in the x-geries: The defimtlon of h is valid; since at ‘least one common
. facl:or “1” exist for all the deviations. Sumlarly let k2 be a positive factor of all the
~ dev1qt3?ns (- B)of items pmpthe_ y-series. .y

< " ad

Let'i ¥ 3 u=. 7 . andiv= T ¥ L
\ .. The varlables u and v are obtalned'by changmg ongm and scale of the
variablés x and y respectivaly. Ml

Since correlation coefficient is independent of: change of origin and’ scale, we

have 57 T, i ; ‘
e, N =r{u, v).. = e, b o
. o . rE 3) = u-u)v-0) -
; ] , Jz(u - @)? Jz(t?:? 0)? Mo Y %y B
t On simplification, we get -~ e -
) T nZuv-Cu)(Cv) _ - L
A ¢ TE Y= > = -

, S «Jn}.".u -(Gu) Jn}.".v -(Zv) — |

The values of u and v are ca}led the step deviations of the values of x and ¥ :
respectively. In the above form:. . ™~ __ - - e

TSu is the gum of step dev1ation[s of the items of x-series. .
Zv is the sum of step déeviations of the items of y-series.

Euv 18 the sum of the pmducts of the step deviations of items of x-series with
_ - the correspondmg step devmtlons of items of y: senes . :

Tu? is the sum of the squares of the step deviations of items of x-series. e

£i7"is the sum of the sqiihf‘es; of the step dé\?iatiofis"of items of y-series.

= In practical pmblems the chome of common factors b and k& would not-create

any problem Even if we do not care to compute step deviations, by dividing the
deviations of values of x and y by some common factor, the formula would still work
Suppose We have taken de\natmns {u) of the items of x-series from A,
ie, _ ) t1z=‘.1c—xﬁ=:"c1A . H

We ean consider the va'luesh‘..of u as the step deviations of the items of x-series,
taking :1' as the common factor; Similar argument would also work for y-series.

P Therefore in solvmg problems we first calculate deviations of items of £series
and y-series from some convenient and sultable assumed means A and B respectwely
These deviations of x-series and y-series are- then' divided by positive common factors,
- if at all desired. If we do not bother to divide these deviations by common factors, then
these deviations would be thought of as s&ep detiations of items of given series with ‘1’

o e

‘as the common factor for both’séries. RS
Thus ifu=x-A'and v=y > B, then, we have o
r(x, y) = nzuv - (Zu){Zv) i ¢
- ' | ynZu? - C)? Jnzv? - Gv)?
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§ Example 7.9. Find the correlation coefficient between height of father’ and ‘helght

of son for the foHowmg data:

69

Height of father (in inches)| 65 | 66 | 67 67 | 68 70 724
Height of son (in inches)- | 67 | 68 | 65 | 68 |72 | 72 |69 |7
' Solutlon. Let xand y denote the vanahles ‘height of fathef and ‘height of son
respect:lvely At {
_ Calculation of )
fS. N:) x y o« | u=x- A u=§—B uy- u? ?
A=6 =69
1 65 | 67 -3 —2 6 9 4
2 66 |. 68 . ~2 -1 2 4 1
s3- |+ 67 * 65 -1 -4 - 4 1 16
4 67" 68 ™ -1 = 1 1 1
5 68 72 |. 0 3 0 0 9
8 69 72 1 3 3 1 9
7 70 69 2 0 0 4 0
8 " 72 71t L 4. 2 - 8 8 4
n=8 | zu=0 Tv=0 | Zuv=24 |Zut=36|If=4
> ’
Now r=- =
Jnzu? - (R Ynm? S ()
U mee-0%0 L 824)
J536)- 07 J8a)-0? V8 V36844
¥ % - 5a
24 4 2
, T axdat o daxdl | h

- ! - PR I

ar = AL .{log g1 log 11}-: AL.{o‘__s_om -1 (10414)}

N . 2 ridrs = 2 -

[}
= AL {0.3010 - 0.5207} = AL {- 0.2197}
e ‘l? 7 ar
= AL {- 1+1-0.2107 = AL {1.7803} = 0.6030.
r = 0.6030.
It shows that there is moderate degree positive linear correlatlon between the
vanables

Example 1.10. Psychology test of intelligence and of anthmeucal ability were
applied to 10 children. Here is a record of ungrouped data showmg mteuagence and
anthmeuc ratms Calcutate Karl Pearson s coefﬁcwnl of corre.'.cuwm

chiid | 4 | B | € p | g \F |6 |H |~1]| J
| IR 105 104 102 161 100-| 99 )| 98 | 96 |- 33 32
AR 101 103 100 98 | 95 96 104 92 a7 94
» N 1 .
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. » ¥ L w3 -y 1 ¥
Business Statistics Solution. Let x and ¥ denote the vanables I. R and A.R respectively.. A
Chdd x ¥ yu=x—A | v=y-B | w - N .
F Ty o _A=100r| B=9 | ' _ ' '
NOTES A | 105 101 5 5 25 [ 25 = 25"
B ¥ 104 |. 103 | % 4 a A 284 + 16 ggle. 49
c 102 100 2 4 8 4 16, |
D 101 98 1 .2 2 1 4
E 100 95 0 - LS R N By B 0 1
- F 99 9% | -1 | T 0 0 1 1 0 \
! 98 104 -2 8 -16 4 64
H 96 92 -4 -4 16 , 16 16 i
I 93 a7 -7 1 -7 49 1
T 92 94 -8 -2 16 64 4
n=10 | Su=10 | Sv=-20 | Zw=72 |Zu2=180| X2 =180
! 3
1 nXuv— ZuXv
Now r= = . 3
JnZu? - Zu)? Jnzo? - Go)?
_ 5 \
P o 10(72) - (- 10)20) |,
- i . y10(180) - (- 10)%10(180) - (208  ~
_ 720 + 200 _ 920
/1800100 /1800 - 400 * 17001400
.
= AL {log 920 - % (log 1700 + log 1400)}
¥ ¥ o M . I el = " oy )
. = AL {29638 - E (3.2304 + log 3.1461)}
g} = AL {0.2244} = AL {1.7756} = 0.5965.
- r=0.5965.
It shows that there is moderate degree positive linear correlation between the
“variables. ,
] (¥
Example 7.11. Given: § . P
No. of pairs of bb§ervqtiéns ’ Iz 10
Sum of deviations of x Ye2_170
' Sium of deviations of y <+ ‘ =—'20"
Sum of squares of deuwtwns of x = 8288
*Sum of squares of deviations of y = 226} . o _
Sum of product of deviations of xand y = 3044 P i
EFind out coefﬁcr.ent of correlation when.the arb;tmry means of x and y are 82 «
and 68 respectively, N . i
! Solution, Let u =x - 82, v=y - 68 L s
! % Weare given ot 2t M.
Tu=-170 Tv=-20, . Zu® = 8288,
Tu? = 2264, Zuv = 3044

12 TR T
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Let ‘r be the coefficient of correlation between the variables x and y.
nZuv - (Zu)(Iv) " '
r= =
JnZu? - (Zu)? nZv? - ()
10(3044) ~ (- 170)- 20)
Jm(azss) (-170) J10(2254) (- 20)?

30440 - 3400 ° 27040
" /82880 - 28900 /22640 - 400 V53980 /22240

= AL {log 27040 - 2 (log 53980 + log 22240)}

F
= Al, {4.4320 - % (47322 + 43472)} =AL {4’.}4320 - % (9.07 94)}
s
= AL {4.4320 - 4.539T}= AL {- 0. 1077} Al {1 .8923} = 0.7803.
r=0.7803.
Example 7.12. From the following table giving the distribution of students-and

also regular players among them according to age group, find out correlation coefficient
between ‘age’ and playing habit:

-

£

Age 1516 | 16-17- | 1718 | 1819 | 1920 | 20-21 .
No. of students 200 270. 3a40- | 360 | 400 | 300
‘No. of regu!ar players 150 | 1_6?; 170 180 | 180 120

Solution. We are to find the degree of colfrglation between the variables ‘age’
and ‘playing habit.’ The numbers of students in each age group is not same. So, first of
all we shall express the number of regular players in each age group as the percentage
of stiidents’in the corresponding age group. Let ¥ and y denote the variables ‘age’ and

‘percentage of regular players’ respectively.

Calculation of %’ -
Age* Mid-pls. No.of | No.of | %of |u=x-A v=y-B
R of age, |students| regular | regular | A=17.5 =50 uy u? il
groups | _ players | players * .
£ |- ¥
15—16 | 155 | ‘200 | 150 75 -2 1 25 | ~50 | 4 625
1617, 18.5 270 162 60 | -1 10 | -10 | 1 100
17—18 | -17.5 | 340. 170 50 0 - 0 0 o 0
18—19 | 185 360 180 50 1 "0 0|1 0
1920 195 | - 400 180 | 45 2 -5 [ -10 | 4 25
-20—21 | 205 -| 300 120 40- 3 -10 | -3 | 9 | ‘100
n=6 ' | zu=38 v | Zuw=|Zu? | IP=
=20 [-100 [=19 | 850

ﬁ -
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Business Sfamncs

- ¥ [ nzuv (Eu)(zv) + f 4 ix
Now
. R S Jn}ivz - (Ev)2
NOTES _ ___ 6100-@E0~ s s
Tt -Jﬁ(_ls)-(a)?}\/s,(‘sso)-(z_q_)?-
= = v - t=
* - 660 ~660 v
T 705 JaT00 7024956 - 0.9395.
It shows' that there is-high degree: negatlve linear correlatmn between the
variables. X =
wd ™ P B
EXERCISE 7.4

i{..l

1. The followmg table gives the value of iron ore exported and value of stesl imported in
India during 1970-71 to 1976-77. Fmd the value of correlation coefficient between exports

and imports. i vt
Year 1970~71{ 1971-72 | 197273 197374 1974_-7‘5 1975-76 {1976-77
' ‘Eﬁq_iort'ofimﬁ‘- 42 44 58 55 89 |- 98 |v.66 .
ool ore(000%) L ° N e LI L i
Import of sieel | 56 49 53 | 58 | e5 | 76 | 58 |
., (000%); : .

2. Find the coefficient of correlatmn betweeli incoms and expenditure of a wage-earner and
comment on the result. . . v, T
Month Jan. Feb, | Mar. A[;r. May | June | July
Income®) . | 46 [, 54 | 6 5, | 58 | 60 62

Expenditure (3} 36 -40. ) 44y 054 |, 42 58 «. 54 )

3 The followmg t.able gwes the dlstnbunon of the total: popu]atmn and those who are
wholly or partially blind among them. Find out if tHere is any relation between age and

‘blindness'. ¥
| Age "+ | 010 |10-20°| 2030 | 3040 | 40-50 [50-60 | 6070 [ 70-80
' No. of persons (000)| 100 | 60~| 40 |* 38" 124} [ 11 6 3 |,
No. of blinds 55| 40 | 407 | 40| 36 | 22 | 18 | 15

4.~ Find the c;rrelatiqﬁ:oefﬁ:ient between age and playing habit of the i'@llnwing students: f

Age (in years) » * No. of students . Regular playérs  °
15 20 200 NE
. 16 200 1o |, . o180 4
! 17 Mot 150 : 90 | :
. 18 ~ 120 -~ 48 -
| 4 * ¢ ,
o e 19 100 0
i .20 . - 80 e - - 12 _

I
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5._ Caleulate the coofficient of correlation and its, probable error. between t.he heightsa of

b

™ fathers and sons for the fallomng data:- EEE 3 2 v
Height of Father (in‘inches)| ~65°|=66 | 67 | “68- | 69 (=70 | 71
¥, e .. L L B : L PN I
"| Height of Son (in inches) &7 68 66 69 72 1° 72 1 69
6. Caleulate the coefficient-of correlation for the following data: ~
x| 100 200 300" | 400, 500 600 700
y 30 50 ’ 60 - 80 : 1({0 110 130
7 Calculate Karl Pearson ] eoefﬁclent of correlatlon for the followmg data; 2
(0).Sum of deviations of =5 . . N
@ Sum of deviations of y=4 » _ * =
(m') Sum of squares of deﬂatmns of x=40 , Ty :
-(fv) Sum of squares of da\natmns of ¥y =50 ) :; . - p -
* (1) Sumof products of deviations of xandy=32 . =~ -
(vi) No. of pairs of observations =10 . v g _ q X

-

8. Calculate correlation coefficient for the following data:
n =10, Tx= 140 Sy = 150, X 2102 = 180, Z(y - 15)2 = 215, E(x 10)(y=15) = 60.
‘Hint. Let u=x-10, v=y - 15. 2 I
Zu? =180, Zi? =215, Suv =60, -
Now  Zu=3{x—10)=Zx-n(l0)=140-10%10= 40 ete.)

Answers
L. r=09042 2. r=0.769 3. r=0.8982
4. r=-09276 - 5. r=0.668, P.E. =0.1412 6. r=0.9972
7. r=0.7042 8, 0.915. ¢ s )

d e e "'5'%

I .SPEARMAN _:RANK'COR

- . Y

7. 10. MEANING B

In practu:al hfe We COme ACToss problems of estxmal;mg correlatmn between vanables

which are not quantitative in nature. Suppose, we are mterested in decldmg ifthereis |

any correlation between the variables ‘honesty and smartness among a group of
students. Here the variables ‘honesty and ‘smartness’ are not capable of quantitative
measurement. These variables are qualitative in nature. Ranking is possible in case-
of quahtanve variables.

Spearman s rank oorrelatlon method is used for studymg linear correlation

_ between variables which are not necessarily quantitative in nature. This method works

for both quantltatlve as well as qualitative vanables

Let n pairs of values of variables x and y be given. The first step is to express the
values of the variables in ranks. In case of qualitative variables, the ‘data would be
given in the desired form. For quantitative variables, the ranks are allotted according
to the magnitude of the values of the variables. Generally the I rank is allotted to the
item with highest value. If the highest value of the first variable is allotted I rank;
then the same method is to be'adopted for finding the ranks of the vahues of the other
vanable In allotting ranks, difficulty arises when the values of two or more items in a
series are equal. We shall consider this case separately. ) Yoy

1 -
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NOTES'

i Y

7.11. CASE I NON-REPEATED RANKS

LetR, and R, represent the ranks of the 1l:ems correspondmg to the variables xand y

respectwely - -
The coefficient of rank correlation (r,) is'given'by thé formula: !
- : ¢ 6zD?
=1 =,
ni=z1)’

: where n i8 the number of pan's and D denotes.the difference’ between ranks ie,

—R,) of the corresponding values of the variablés. *
Example 7.13. Two judges in a beauty competition rank the 12 entries as Ifo!.l{;tw.s: :

x| 1| 2 3 4 | 5 6 | 7 8 139 |10 7| 1r | 12

y |l 12| 8 & | 16 |8 |5 | 4 7 | &8 | 2 1|1

- . R -

What dg'gree of agree_ment is there between the judges?
Solution. Here the ranks are ﬂ__enote& by x and y, therefore, D=x—y.

Calculation of ‘rki' -
S. No. x y D=x-y D2 .
1 1 12, I -11 - 121
2 2 9 , -7 19
3 3 6 -3 - 9
4 g 4 10 * % -8 36 ‘
5 5 3 2 9 4
. 6 6 5 1 1
' 7, T 4 3 9
g8 4 g ™ 7 T 1
9 9 8 1 1
10 10 2 X 8 64
11 T 117 = 1. = o ;‘9? -
12 Sz 1 11 __ 121
n=1% " iR - . . i D2 =:416
¥ L] 'J'
Coeiﬁment of rank correlatlon, -
i 2t 63ID? " §(416
ry=l-——— =1~ & = ) =1-1.4545=—0.4645. "
n(n“'-1) 12(12%°-1)

It shows that theére is low degree negatlve linear correlation between the
variables. This means that the Judges are not agreeing, though the ‘degree of

disdgreement is low. - .
Example 7.14. Ten competitors in a beauty contest are ranked by three Judges
in the following order:

f L ¢

Ifjudge | TI° 4 5 ‘1w | 7| 3 2
Ilndjudge [y 4 | &8 | 7 5 | 10 3| 2 1
lrd judge | 6 | °7 8 TS 0| 9| 2| 8| 4

3 [

Use therank correlauon coefﬁc:ent to d;scuss which pcur of Judges has the nearest
approack to common taste in beauty.
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Solution. Let R, R, and R, denote the variables ‘ranks by Ist judge’, ranks by =~ Measures of Correlation

IInd judge’ and ‘ranks by IIIrd ]udge respectwely Let r,,, ry; and r 4 stand for the

T
t

coefficients of rank correlation between the variables R, and R,, R.2 and R, R, and Ry

respectively.
K . .NOTES
Calculation of r 4, Ty andr,, AT
S. No R: R2 Ra D:z = Dza = D = D1522 D232 D”
R,-R, | R,~R, | R, R T

1 1 4 6-| -8 | -2 -5 9 4 55

2 3] 8 T -3 1 -2 9 1 - 4

3 4 7 8 -3 -1 -4 g r | 1

4 8 6 1 2 5 7 4 | 95 | 9 )

5 9 5 5 4 0 4 16 0 18

6 8 9 10 -3 -1 . -4 9 1 16

7 110 10 g 0 1 1 0 ] 1

8 7 3 2 4 1 5 16 1 | 25

9 3 2 3 1 -1 0 1 1 0

10 2 le 4 1 -3 -2 |. 1 9 4
R=10 . D | EDp2 | 3D,

: =74 | =44 | =156
6ED,,’ 6(74) .
Weh 1-—=l—=]- — = 0,5516.*
Ve nn® -1 10(10% -1) .
* eyt | s "
Frp=le—=f—=1- 35— =0.7333.
- = nn? =1 10(101 -1)
- b * i 1 ( ; P % w e
62D13 ' 6(156
? vorg=l- —=1- —— = (,0548. e
1 n(n? - 1) 10(10% - .

By comparing the rank correlation coefﬁclent,s we find that r,; is the greatest
{(and positive) and so we conclude that the IInd judge and IlIrd judge have the nearest

approach to common taste in beauty.

Example 7.15. The ranks of 16 students in tests in Mathematics’ and ‘Statistics’
were as follows. The two numbers within the brackets denoting the ranks of the same

student in Mathematics and Statistics respectively.

(1,1),(2,10), (3, 3, (4,49, (5,5), (6, 7), (7, 2), (8, 6),(9,8),

(10, 11), (11, 15), (12, 9), (13, 14); (14, 12), (15, 16), (16, 13).

() Calculate the rank correlation coeﬂ'icwnt for proficiencies of this group in

Mathematics and Siatistics.

(ii) What does the value of .'.he coefficient obtmned indicates?

-(iiz) If you had found out Karl Pearson’s coefficient of correlation between the ranks
of these 16 students, would your result be the same as obtained in (i) or different?
Solution. Let R, and R, denote the ranks in ‘Mathematics' and Statistics

respectively. :-

&
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b

Ca.lculatlon of ‘r » ¥

-

«§

a S3No., ¥ YR, _y Ry ‘__a.";' D=R; R D2 ) ~
. 1 1 - 1 ' 0 0
NOTES 2 2 10 -8 64
¥ 3 3 i, + ;3 ""M 0 .0'
- 4 4 . A 0 0 ;
5 5 Y s ot | s 0 0
6 . 6 7 -1 1
7 7 2 5 25,
8 8 8 2 4
g 9 8 "1 1
10 10 11 -1 ' 1,
11 Bt 15 , -4 16
12 12 9 3 9
: 13 13 . 14 . -1 1
i 14 14 12 2 4-
15 - 15 16 -1 + L
Fn . -
16, ig 13 3 9
n=16 ID? =136
- ' LY
Coefficient of rank correlation,
62D? 136 )
r=1- = a1 -1-02=0s.
n(n -1 16((16) -1

(i) The value of r, = 0 8 shows that there is high degree positive linear con‘elanon
between the variables ranks in Mathematics and Statistics.-

(i) Let x and y denote the ranks‘i in ‘Mathemancs and ‘Statistics’ respectwely
le,x= R,andy =R,

o
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o . » .
) : ~ Calculation of r . - Ly
S. No. x ¥ xy = . -
. Ty 1 . 1 T 1 1 4F ¢ 1
2 2 10 20. ‘4 | 100
3 3 3 . g 9 9
4 4 4 L 16 18, 16
5 5 5 25 25 25
8 6. . 7. 42" 36 49
7 7, 2 14> 9 4
8 8 é 48 - 64, 36+
9 9 8 . 72, 81 84
10 10 11 110 100 o121
11 1 * 15 ¥ 165 121 % | 225
12 12 9 b 108 . 144 1
13 13 14 s, 182 169 196
14 14 12 168 196 144
15 15 16 240 225 256
16 16 13 i 208 256 169
n=16 | Zx=138 Ty =136 Sey=1428 | Ix®=1496 | Zy?=1496




[ p———

Karl Pearson’s coé’fﬁciient.of Eor;efatioq,
b _ nzxyi(zx)(iy) L _ =
_anx2 —(z0)? aniﬁ _(25,')2' g - -
& £, i .}
R . . 16(1428) - (136)(136) :

~"116(1496) - (136)% /16(1496) - (136)° .

w

g 4852 4352
+ /5440 Y5440 5440
_This coefficient is same as the rank correlation coefficient.

_ Remark. If the non-re;;eat.ed ranks are given in the data, then the Karl Pearson’s cosf-
ficient of correlation and Spearman's coefficient are always equal. i

- ) . T — -

. . R i
7.12. CASE Il. REPEATED RANKS ‘

=0.8.

T

Here we shall consider the case, when the values of two or mote items in a series are
equal. In such cases, we allot equal ranks to all the items with equal values. Suppose
that the values of three items in a senes ‘are equal at the fourth place, then each item

-
4 +5+6, = 5. Sim llarly, if there happen to be

. i
two items in a series with equal valuesf at the seventh place, then each item with equal

with equal value would be allotted rank

Eaaad

7+ 8
, value would be allotted rank —— =1.5. 4, - " .
In case of repeated ranks, _the coefficient of rank correlation is given by the
* formula, Y 5 sV ad ™ 3 .
. g, 1 g
" . o B{ED +_12(m m) +aeeee

l.'k - l - T ry A

n(n®-1) :

whére n is the number of pairg and IY denote the difference between ranks R, -R)of

? “’

the corresponding values of the variables. In = (m3 m), mis number of items whose:

[ 3 1 S0 TS j

ranks are equal. The term -— (ma = m) is to bé added for each group of items with
equal ranks. Now, we shall ﬂlustrate this method by takmg some examples. 1

Example 7. 16. Following are the marks obtamed by ten students in Hindi and |

E‘nghsh Calculate coefficient of correlatwn by methad of rank dsfferences

Roll No. 12 |3 el s 6 | 7' 8 |9 | 10,

MarksinHindi | 45| 56 | 39 | 54 | 45 | 40 | 56 | 60 | 30 | 36

Marks in Enghsh 40 ; 36 30 a4 36 32 45 42 20" | 36
Solution. Let R, and Ra denote the ranks of the variables ‘marks in Hindi’ and

‘marks in English’ respectlvely The first rank is ailotted to the greatest item’ m each
Bel'les N " Ed - - e = PR S

-
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Business Statistics Calculation of )’
' RollNo. | Marks | Morksin | R, R, |D=R-R,| D
in Hindi | English N )
NOTES 1 45 0 55 | 4 , 15 2.25
2 56 36 2.6 6 -35 12.25
3 39 30, 8 T -1 1
4 54 44 4 2 2 4
5 45 36 5.5 6 =05 0.25
6 40 32 7 8 -1 1
7 56, 45 25 1 15 2.25
T8 60- 42 1 3 -2 4
' 9 30 20 10 10 0 0
10 36 36 9 6 3 9
net0 | o o . - - ZD?=36
i - }1 )
e w 64D + —(m® -m)+..... } = .
Now r, = 1 - 12 - )
i k nn® -1 #
o 3 1 .3
6{36+-—(2 —2)+ _2)'+ﬁ(3 -3)
: . ,10(102 -1
1 1¢
. s —l1 6{36+ +2+2} _, 39 0766 .
990 T 166 .

variables.

=T X ,

It shows that there is a high degree positive linear correlation between the

Example 7.17. Find the coefficient of correkuwn between x and y by method of

rank differences.
x | 48 | 33| 40| s | 16 | 16 65 + 24 | 16 | 37
¥y 13 13 24 |' 6 | 15 4 20 9 6 19

Solution. Let R, and R denote the ranks of the variables ¥ and y respectwely
The first rank is a]lotted to the greatest item in each senes

Calculation of ‘r,’
S. No. x y |® R, R, * |D¥R,-R,|' D®
1 8 |° 13 |" 3 5.5 -25 6.25
.2 433 y 13, 5, ., 5.5 i~ 0.5, 0.25
3 40, o2y, 1 3, g
4 - TR LA : B 10 v 85 _ 1.5 2.25
5 16 15 8 4 4 16
) 16 4 8 10 -2 4
7 65 .20 1 2 -1 1
8 24 . ¥ 9 6 T 21 1
~ 9 16~ 6 =8 ~'85 05 -0.25°
~10 ~| 87" 19 “ g 8 1z ¢ 1
a=10| T T v ZD? = 41
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Now, the coefficient of rank correlation is ) Measures of Correlation
o ofts Lentomr) © 0
_ ' 12
n(n® -1) . . NOTES
Here the items 16; 13, 6 are repe'ated thricé, twice, twice respectively. Therefore,
we shall add the correcting factor 1— (m® — m)) three times in the values of ZD?, with
the values of m as 3, 2, 2. -® - )
1 g3 gy Lio3 gy Lig?_
6{41+ 2 (3°-3)+ 12 (2° -2) &) (.2 2)}
L h=1-= 2
. 10(10° -1) -
& : i, '
6{41+2+%+%} :4 .
, =1- 950 =1~ 165 = (.7333.
It shows that. there is a moderate degree positive linear correlation between
the variables: - -
Example 7.18. The coefficient of rank correlatwn of the marks obtained by 10
students in Auditing and Accotnting was found to be 0.5.'It was later discovered that
the difference in ranks in the two subjects obtained by one of the students was wrongly
taken as 3 instead of 7. Find the correct coefficient of rank correlation.
Solution. We have
Incorrect r,=05
1 =10 ‘ !
Incorrect difference of ranks D) =3 ~_ :
Correct difference of rank (D) =7 Lo N
g .
» We know that r=1- %
y y o nn”~1)
incorrect TD?
- Incorrect r, = 1.— §(inca 5 D7)
r(r*-1)
. \ 9
. 05=1- -B(mcorre;ct =D*)
' 10(10° -
- Incorrect £D? = 82.5. _ ,
Now Correct ID? = incorrect ZD? — (incorrect D?) + (correct D?)
=825-(3)2+ (2=825-9+49=1225.
£
‘ . 2
. Correit r, 1 G(correzct. zD%) _ 1- 6(1222.5)
T n(n® -1 10(10% -
> = 1 - 0.7424 = 0.2575.
Merits N
1. This method is applicable to both qualitative and qﬁantitative Variables.
2. -Only this method in'applicable when ranks are given.
3. This method involves less caleulation work as compared: to Karl Pearson’s
- .method: -
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-This method is applicable only When the correlation between the variables is linear.

M

NOTES 7| EXERCISE 7.6’
1. _Fron:f the following data, calculate Spearman’s Rank Gorrelgtion‘coeﬁ'ide_ﬁt_. )
S. No. 1|2 |84 | 5 el |8 |9 |10
g“,’;fmﬁw"-z' a1 +s |v2-| 0 -2 |+ |48 |2
2. Ten students were examined in Economics and Statistics. The ranks obtained by the
students are as follows: o "
) "Economics | 1 | 2 |3 47| 5 | & 7 8 9 | 10°
LT Statistics 2‘ I 4 1" 5 3 |9 "7 !0' 6 ) 8 .
CT Calculate the coefficient of rank correlation. 5,
1.8, Ten students got followmg percentage of marks in Mat.liemancs and Acrountancy papers.
Mathematics | 81 | 36 | 98 | 25 | 75 | 82 | 92 |62 | 65 | 39,
Accountancy | 84 | 51 | 91 | 60 | 68 | .62 | 86 |58 | 35 | 49 7|
Find the rank correlation coeffivient. o
4. Calculate the coefficient of rank correlation for the following data of marks of eight
students in Statistics and Accountancy: _ _ S
Morks in Statistics | 52 | 63 | 45 | 36 | 72 | 65 | 45| 25
Marks in Accountancy| 62 | 53 51 | 25 79 43 | 60 | 30
~

5. Ten competitors in an intelligence test are ranked by three examiners in the following
order: H

IstEmaminer | 9 (-3 |7 | 58] 1|6 | 2.| 4 |10 8
Iind Examiner | 9 1 (10 | 4 ° 3 8 5 2 |7 | 8
IIrd Examiner | - 6 3 | 8 7 2 4 11 5 9 10

Calculate the appropriate rank correlation to help you answer the following questions:
(i) Which pair of judges agree the most?

(if) Which pair of judges disagree the most? °

6. An office has 12 ~lerks. The long servig clerks feel that they should have a seniority
increment based on length of service. An assessment of their efficiency by their
departmental menager and the personnel department produces a ranking of efficiency.
This is shown below together with a ranking of their length of service. Do the data
support the claim of clerks for a senjority increment?

s Banking accordmg 123456789 [10 111 |12

to length of service . = . . * '

Rankingaccording | 2| 3| 5] 119 (10]11[12 |8 {7 |6 |4
& ) to eff i-c:-ency E T B i PR .
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Find the coefficient of correlation between x and y by the method of rank differences:

P o ¥ | ~

x| 42| 48| 35 | 50 { 50 | 57 | 45 | 40" 50 | 39

y |90 | 110 | 95| 95 | 95 | 120 | 115 | 128 | 118 | 130,

Lol

r ' TR BN 1
" Answers .
= 0.6384 2. r,=0.7575 ’ 3. r,=0.7575
r,=0.643 5. () Ist and IIIrd () Ind and ITIrd
r, =0.3776, No 7. r,=~0.0556.
L
Ev I3

7.13. SUMMARY

¢ Two variables may be related in the sense that the changes in the values of one
variable are accompanied by changes in the values of the other variable. But~

this cannot be interpreted in the sense that the changes in one variable has
necessarily caused changes in the other variable. Their movement in sympathy
may be due to mere chance. A high degree correlation between two variables:
may not necessarily imply the existence of a cause-effect relationship between
the variables. On the other hand, if there is a cause-éffect relationship between
the variables, then the correlation is sure to exist between the variables under
consideration,

The correlation between two variables is said to be positive if the variables, on
an average, move in the same direction, That is, an increase (or decrease) in the
value of one variable is accompanied, on an average, by an increase (or decrease)
in the value of the other variable,

The correlation between two variables is said to be linear if the ratio of change
in one variable to the change in the other variable is almost constant. The

correlation between the ‘number of students’ admitted and the ‘monthiy fee-

collected’ is linear in nature.

The correlation is said to be simple- if there are only two variables under
consideration. In multlple correlation, the combined effect of a rumber of-
variables on a variable is considered. Let x,, x,, x, be three variables, then R, 5
denotes the muitiple correlation coefficient of x, on x, and x,. Similarly R, ,,
denotes the multlple correlation coefficient of x, on x; and x,. In partial
correlation, we study the relationship between any two variables, from a group
of more than two variables, after eliminating the effect of other variables
mathematically on the variables under consideration.

7.14. REVIEW EXERCISES

Explain the meaning of the term ‘Correlation’. Does it always signify cause and effect
relationship?

. _ What is correlation? Distinguish between positive -and negative correlation.

If the 'r between the annual values of exports during the last ten years and the annual

‘number of children born during the same period is + 0.8. What interference, if any,

would you draw?
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What is & scatter diagram?
Explain the meaning of the term ‘correlation’. Name the different measures of correlation

- and discuss their uses.

Define correlation and discuss its significance in statistical analysis.
Explain different methods of computing correlation. .
What do you understand by correlation? Explain its various types in detail.
What is coefficient of conourrent deviation? How is it determined?
Elucidate the main features of Karl Pearson's coefficient of correlation.
What is correlation?

“If two variables are indeperident the correlation between them is zero, but the converse
is not elways true.” Comment.
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