Chapter 5

Correlation, Regression, Time Serles
Analysis and Index Numbers

5.1 Correlation and Regression

' Correlation analysis is the statistical tool used to measure the degree to which two
variables are linearly related to each other. Correlation measures the degree of
association between two variables.

If the quantities (X, Y’) vary in such a way that change in one variable corre-
sponds to change in the other variable, then the variables X and Y are correlated.

' Example: Price of commodity and amount of demand.
Correlation can be studied using various methods like

1. Scatter diagram
2. Karl Pearson’s coefficient of correlation
3. Spearman’s rank correlation coefficient.

5.1.1 Scatter Diagram

‘The simplest device for studying correlation between two variables is a special
type of dot chart called scatter diagram. When this method is used, the given data
are plotted on a graph in the form of dots.

i.e, foreach pair of X and Y values we put dots and thus we obtain as many
points as the number of observations. By looking to the scatter of the various
points we can form an idea as to whether the 2 variables are related or not. The
‘more the plotted points sc.iter over a chart, the lesser is the degree of relationship
between the two variables. The nearer the points come to the line, the higher the
egree of relationship. If the plotted points lie in a haphazard manner it shows
lhe absence of any relationship between the variables. Consider the following
diagrams.
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5.1.2 Karl Pearson’s co-efficient of correlation (Product
moment correlation co-efficient)

The co-efficient of correlation between X and Y is defined as

o Cov (X,Y)
"X = R V)
_ Cov (X,Y) :
S g e
_E[X-X)(Y-Y)]
E[X - XZE[Y - Y]?
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5.1.3 Properties of correlation coefficient
(i) The coefficient of correlation lies between -1 and +1 or || < 1.
Proof:
The correlation coefficient ‘7" between X and Y is given by

LS Cov(z,y)
. oroy

¥

where Cov (z.y) = -}1 Z(E ~7)(y —7)

say Cov (x,y) =K

or oy

? \ =
Here K*= (% Z(a: —Z)— ?)) - (Ef} )
2 2 Sl Tl Y X3V

(i gl Pk . = :
A n n n*

where X =2—%F and Y=9y—7

By Schwarz’s inequality, we have
QL X¥¥ < (3 X3 ¥
Dividing both sides by n?, we get

2 2l =n
K <oz-0,

el = sl (o) —~1<rgl

| Note:

1. If r = 1 then there is a perfect positive correlation.
2. If r = —1 then there is a perfect negative correlation.
3. If r = 0 then the variables are uncorrelated.
(ii) The co-efficient of correlation is independent of change of scale and origin
of the variables X and Y. :
Proof

X—-a Y -b
=T V= =i so that
X=a+hU and Y = b+ kV where a, b, h, k are constants; h > 0,k > 0.
We shall prove that r(X,Y) = r(U, V) '

Let U=
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Since X =a+ hU and Y = b + kV, on taking expectations, We have

E(X)=a+hEU) and E(Y)=b+kE(V)
" X—E(X)=h[U-EU)] and Y - E(Y)=k[V - E(V)]
= Cov (X,Y) = B{{X - EC)HY - E(¥)}
= E[h{U - E(U)} K{V - E(V)}]
=hkE[{U - E(U)HV - E(V)}]
= hk Cov (U,V) (1)
% = Bl{X - B(X)
= [W*{U - EU)}?)] = h* of,

= ox =hoy (h>0) (2)
Similarly, oy = koy (k > 0) 3)
We know that r(X,Y) = M 4)
oxoy

Substituting (1), (2) and (3) in (4), we get

r(X,Y) = Cov(X,Y)  hkCov(U,V)
"W oxoy . hkopoy
_ Cov(U,V)

ouoy

r(U,V)

Note: Method for finding correlation co-efficient (discrete case)

_sX-X)(¥ -7
noxoy :
nIXY — (£X)(ZY)

T /X - (BX)2/nTY? - BY)

5.1.4 Caiculation of co-efficient of correlation for a bi-variate
distribution

If the bi-variate data in x and y is given by two way table and f is the frequency,
then,
Xy NEfzy — (Zfz)(Zfy)
" VNZf2? = (Sf2?/N Sfy? - (519)°

r
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Here also the change in origin and scale does not affect the co-efficient of
correlation.

Ty = Tuv

where u, v are new variables properly chosen.

5.1.5 Regression
Definition

Regression is the measure of the average relationship between two or more vari-
ables in terms of original units of data.

Example: If the sales and advertising are correlated we can find out the expected
amount of sales for a given advertising expenditure or the amount needed for
attaining the given amount of sales.

5.1.6 Lines of regression

If two variables X and Y are correlated i.e., there exists an association between
them, we can see that the scatter diagram will be more or less concentrated around
a curve. This curve is called Curve of regression.

If the curve is a straight line, it is called the line of regression and the regres-
sion is a linear regression.

We shall have two regression lines as the regression line of X and Y and
the regression line of Y and X. The regression line of Y and X gives the most
probable value of Y for given values of X and the regression line of X and Y
gives the most probable values of X for given values of Y.

Table 5.1 Relation between Correlation Analysis and Regression Analysis
S.No Correlation Analysis “Regression Analysis
1, Correlation coefficient r between | The regression coefficients are
X and Y is a measure of linear re- | mathematical measures expressing
lationship between X and Y’ the average relationship between
the two variables.
2 The correlation coefficient does not | Regression coefficients reflect on

reflect upon the nature of variable
(independent or dependent vari-
able)

the nature of variable i.e, which is
dependent variable. In other words,
it estimates the value of dependent
variable for any given value of in-
dependent variable.




5.6  Statistics for Management

3. | It does not imply cause and effect- | It indicates the cause and ef-
relationship between the variables | fect relationship between the -vari-
under study ables. The variable corresponding
to cause is taken as independent
variable, whereas corresponding to
effect is taken as dependent vari-
able.

4. | It is a relative measure and is in- | Regression coefficients are absolute
dependent of the units of measure- | measures of finding out the relation-

ment ship between two or more variables
5. | It indicates the degree of associa- | It is used to forecast the nature of
tion. dependent variable when the value

of independent variable is known.

Uses of Regression Analysis

1. The cause and effect relations are indicated from the study of regression
analysis.

2. It establishes the rate of change in one variable in terms of the changes in

- another variable. '

3. It is useful in economic analysis as regression equation can determine an
increase in the cost of living index for a particular increase in general price
level.

4. It helps in prediction and thus it can estimate the value of unknown quanti-
ties. :

5. It enables us to study the nature of relationship between the variables.

6. It can be useful to all natural, social and physical sciences, where the data
are in functional relationship.

5.1.7 Regression Equations
(i) Equation of line of regression of ¥ on X is

Oy . : g
where r—Z is the regression coefficient of Y on X.

O
(ii) Equation of line of regression of X on Y is
Tz =
g=F=r—_(y=7)
Ty

Oz . : ;

where » — is the regression co-efficient of X on Y.
.
Ty
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Note:

1. The regression coefficients can be denoted by
o
byz =1 ;ii and bmy_: r ;—;
2. The regression co-efficients are obtained by the following expressions for
discrete values of X and Y '
oy nXzy—(Zz)(Zy)
O n Xz? — (Xx)?
g _ nXzy— (Zz)(Zy)

b =t —— =
W oy T nTy - (Ty)

byz =1

3. Both the regression lines pass through the point (Z,7) where T and 7 are
means of X and Y respectively.
4. Correlation coefficient is the Geometric mean between the regression coef-
ficients.
ie, by e =r = r=H/b b

5. If one of the regression coefficients is greater than unity the other must be
less than unity.

6. Regression coefficients are independent of the change of origin but not of
scale.

7. Both the regression coefficients will have the same sign, i.e, they will be
either both positive or both negative. The coefficient correlation will have
the same sign as that of regression coefficients, i.e, if regression coefficients
have a negative sign, r will also have negative sign and if the regression
coefficients have a positive sign, r will also be positive.

5.1.8 Angle between regression lines
If # is the angle between the two regression lines, then

1-r%\ oy
tan 8§ = ( . ) 2: 0y2
(i3 oz + 0y

where 7,0z, oy have the usual meaning.
Proof :
Equation of the regression lines of Y on X and X on Y are




