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UNIT – I
CORRELATION
WHAT IS CORRELATION?
Correlation is a measure of association between two or more variables. When two or more variables very in
sympathy so that movement in one tends to be accompanied by corresponding movements in the other
variable(s), they are said to be correlated.
“The correlation between variables is a measure of the nature and degree of association between the variables”.
As a measure of the degree of relatedness of two variables, correlation is widely used in exploratory research
when the objective is to locate variables that might be related in some way to the variable of interest.
TYPES OF CORRELATION
Correlation can be classified in several ways. The important ways of classifying correlation are:
i) Positive and negative,
ii) Linear and non-linear (curvilinear)
iii) Simple, partial and multiple.
Positive and Negative Correlation
If both the variables move in the same direction, we say that there is a positive correlation, i.e., if one variable
increases, the other variable also increases on an average or if one variable decreases, the other variable also
decreases on an average.
On the other hand, if the variables are varying in opposite direction, we say that it is a case of negative
correlation; e.g., movements of demand and supply.
Linear and Non-linear (Curvilinear) Correlation
If the change in one variable is accompanied by change in another variable in a constant ratio, it is a case of
linear correlation. Observe the following data:
X
:
10
20
30
40
50
Y
:
25
50
75
100
125
The ratio of change in the above example is the same. It is, thus, a case of linear correlation. If we plot these
variables on graph paper, all the points will fall on the same straight line.
On the other hand, if the amount of change in one variable does not follow a constant ratio with the change in
another variable, it is a case of non-linear or curvilinear correlation. If a couple of figures in either series X or
series Y are changed, it would give a non-linear correlation.
Simple, Partial and Multiple Correlation
The distinction amongst these three types of correlation depends upon the number of variables involved in a
study. If only two variables are involved in a study, then the correlation is said to be simple correlation. When
three or more variables are involved in a study, then it is a problem of either partial or multiple correlation. In
multiple correlation, three or more variables are studied simultaneously. But in partial correlation we consider
only two variables influencing each other while the effect of other variable(s) is held constant.
Suppose we have a problem comprising three variables X, Y and Z. X is the number of hours studied, Y is I.Q.
3

STUDY MATERIAL FOR BA ECONOMICS
STATISTICA FOR ECONOMICS-II
SEMESTER –II, ACADEMIC YEAR 2022-2023

and Z is the number of marks obtained in the examination. In a multiple correlation, we will study the
relationship between the marks obtained (Z) and the two variables, number of hours studied (X) and I.Q. (Y).
In contrast, when we study the
relationship between X and Z, keeping an average I.Q. (Y) as constant, it is said to be a study involving partial
correlation.
In this lesson, we will study linear correlation between two variables.
CORRELATION ANALYSIS
Correlation Analysis is a statistical technique used to indicate the nature and degree of relationship existing
between one variable and the other(s). It is also used along with regression analysis to measure how well the
regression line explains the variations of the dependent variable with the independent variable.
The commonly used methods for studying linear relationship between two variables involve both graphic and
algebraic methods. Some of the widely used methods include:
1.
2.
3.
4.
5.

Scatter Diagram
Correlation Graph
Pearson’s Coefficient of Correlation
Spearman’s Rank Correlation
Concurrent Deviation Method

SCATTER DIAGRAM
This method is also known as Dotogram or Dot diagram. Scatter diagram is one of the simplest methods of
diagrammatic representation of a bivariate distribution. Under this method, both the variables are plotted on the
graph paper by putting dots. The diagram so obtained is called "Scatter Diagram". By studying diagram, we can
have rough idea about the nature and degree of relationship between two variables. The term scatter refers to
the spreading of dots on the graph. We should keep the following points in mind while interpreting correlation:
➢ if the plotted points are very close to each other, it indicates high degree of correlation. If the plotted
points are away from each other, it indicates low degree of correlation.
➢ if the points on the diagram reveal any trend (either upward or downward), the variables are said to be
correlated and if no trend is revealed, the variables are uncorrelated.
➢ if there is an upward trend rising from lower left-hand corner and going upward to the upper right-hand
corner, the correlation is positive since this reveals that the values of the two variables move in the same
direction. If, on the other hand, the points depict a downward trend from the upper left-hand corner to
the lower right-hand corner, the correlation is negative since in this case the values of the two variables
move in the opposite directions.
➢ in particular, if all the points lie on a straight line starting from the left bottom and going up towards the
right top, the correlation is perfect and positive, and if all the points like on a straight line starting from
left top and coming down to right bottom, the correlation is perfect and negative.
4
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PEARSON’S COEFFICIENT OF CORRELATION
A mathematical method for measuring the intensity or the magnitude of linear relationship
between two variables was suggested by Karl Pearson (1867-1936), a great British Biometrician and
Statistician and, it is by far the most widely used method in practice.
Karl Pearson’s measure, known as Pearsonian correlation coefficient between two variables X and Y, usually
denoted by r(X,Y) or rxy or simply r is a numerical measure of linear relationship between them and is defined
as the ratio of the covariance between X and Y, to the product of the standard deviations of X and Y.
Symbolically

when, (X1,Y1) ;( X2 ,Y2 );…………….( Xn ,Yn ) are N pairs of observations of the variables X and
Y in a bivariate distribution,
5
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Thus, by substituting, we can write the Pearsonian correlationcoefficient as

Properties of Pearsonian Correlation Coefficient
The following are important properties of Pearsonian correlation coefficient:
Pearsonian correlation coefficient cannot exceed 1 numerically. In other words, it lies between –1 and +1.
Symbolically,
-1 ≤ r ≤1
Remarks:
(i) This property provides us a check on our calculations. If in any problem, the obtained value of r lies
outside the limits + 1, this implies that there is some mistake in our calculations.
(ii) The sign of r indicates the nature of the correlation. Positive value of r indicates positive correlation,
whereas negative value indicates negative correlation. r = 0 indicate absence of correlation.
(iii)The following table sums up the degrees of correlation corresponding to various values of r:

6
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Value of r

Degree of correlation

±1

perfect correlation

±0.90 or more

very high degree of correlation

±0.75 to ±0.90

sufficiently high degree of
correlation

±0.60 to ±0.75

moderate degree of correlation

±0.30 to ±0.60

only the possibility of a
correlation

less than ±0.30

possibly no correlation

0

absence of correlation

Calculations for Coefficient of Correlation
Firm

X

Y
dx =X−X

dy =Y−Y

d2
x

d2
y

dx.dy

1

50

11

-8

-3

64

9

24

2

50

13

-8

-1

64

1

8

3

55

14

-3

0

9

0

0

4

60

16

2

2

4

4

4

5

65

16

7

2

49

4

14

6

65

15

7

1

49

1

7

7

65

15

7

1

49

1

7

8

60

14

2

0

4

0

0

9

60

13

2

-1

4

1

-2

10

50

13

-8

-1

64

1

8

 X Y
=

=

∑d2x

∑d2y

=360

=22

d

x

dy

=70
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Example

The data on price and quantity purchased relating to a commodity for 5 months is given below:
Month:

January February

Prices (Rs):

March

April

May

10

10

11

12

12

Quantity (Kg): 5

6

4

3

3

Find the Pearsonian correlation coefficient between prices and quantity and comment on its sign and
magnitude.
Solution: Let price of the commodity be denoted by X and quantity be denoted by Y
Calculations for Coefficient of Correlation
Y2
25
36

XY

5
6

X2
100
100

11

4

121

16

44

4

12

3

144

9

36

5

12

3

144

9

36

 X 2 = 609

Y 2 = 95

XY = 226

Month

X

Y

1
2

10
10

3

 X =55 Y =21

50
60
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We have Pearsonian coefficient of correlation

The negative sign of r indicates negative correlation and its large magnitude indicate a very high degree of
correlation. So, there is a high degree of negative correlation between prices and quantity demanded.
SPEARMAN’S RANK CORRELATION
Sometimes we come across statistical series in which the variables under consideration are not capable of
quantitative measurement but can be arranged in serial order. This happens when we are dealing with qualitative
characteristics (attributes) such as honesty, beauty, character, morality, etc., which cannot be measured
quantitatively but can be arranged serially. In such situations Karl Pearson’s coefficient of correlation cannot be
used as such. Charles Edward Spearman, a British Psychologist, developed a formula in 1904, which consists
in obtaining the correlation coefficient between the ranks of N individuals in the two attributes under study.
Suppose we want to find if two characteristics A, say, intelligence and B, say, beauty are related or not. Both
the characteristics are incapable of quantitative measurements but we can arrange a group of N individuals in
order of merit (ranks) w.r.t. proficiency in the two characteristics. Let the random variables X and Y denote the
ranks of the individuals in the characteristics A and B respectively. If we assume that there is no tie, i.e., if no
two individuals get the same rank in a characteristic, then, obviously, X and Y assume numerical values ranging
from 1 to N.
The Pearsonian correlation coefficient between the ranks X and Y is called the rank correlation coefficient
between the characteristics A and B for the group of individuals.
Spearman’s rank correlation coefficient, usually denoted by ρ(Rho) is given by the equation
9
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Where d is the difference between the pair of ranks of the same individual in the two characteristics and N is
the number of pairs.
Example
Ten entries are submitted for a competition. Three judges study each entry and list the ten in rank order. Their
rankings are as follows:
Entry:
Judge J1:

A
9

B
3

C
7

D
5

E
1

F
6

G
2

H
4

I
10

J
8

Judge J2:

9

1

10

4

3

8

5

2

7

6

Judge J3:

6

3

8

7

2

4

1

5

9

10

Calculate the appropriate rank correlation to help you answer the following questions:
(i) Which pair of judges agrees the most?
(ii) Which pair of judges disagrees the most?
Solution:
Calculations for Coefficient of Rank Correlation
Entry

Rank by
Difference in Ranks

Judges
J1

J2

J3

d(J1&J2)

d2

d(J1&J3)

d2

d(J2&J3)

d2

A
B

9
3

9
1

6
3

0
+2

0
4

+3
0

9
0

+3
-2

9
4

C

7

10

8

-3

9

-1

1

+2

4

D

5

4

7

+1

1

-2

4

-3

9

E

1

3

2

-2

4

-1

1

+1

1

F

6

8

4

-2

4

+2

4

+4

16

G

2

5

1

-3

9

+1

1

+4

16

H

4

2

5

+2

4

-1

1

-3

9

I

10

7

9

+3

9

+1

1

-2

4

J

8

6

10

+2

4

-2

4

-4

16

d2 =48

d2 =26

d2 =88
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Spearman’s rank correlation Eq. (4.8) can also be used even if we are dealing with variables, which are measured
quantitatively, i.e., when the actual data but not the ranks relating to two variables are given. In such a case we
shall have to convert the data into ranks. The highest (or the smallest) observation is given the rank 1. The next
11
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highest (or the next lowest) observation is given rank 2 and so on. It is immaterial in which way (descending or
ascending) the ranks are assigned. However, the same approach should be followed for all the variables under
consideration.
LIMITATIONS OF CORRELATION ANALYSIS
As mentioned earlier, correlation analysis is a statistical tool, which should be properly used so that correct
results can be obtained. Sometimes, it is indiscriminately used by management, resulting in misleading
conclusions. We give below some errors frequently made in the use of correlation analysis:
1.

Correlation analysis cannot determine cause-and-effect relationship. One should not assume that
a change in Y variable is caused by a change in X variable unless one is reasonably sure that one
variable is the cause while the other is the effect. Let us take an example.

Suppose that we study the performance of students in their graduate examination and their
earnings after, say, three years of their graduation. We may find that these two variables are
highly and positively related. At the same time, we must not forget that both the variables might
have been influenced by some other factors such as quality of teachers, economic and social
status of parents, effectiveness of the interviewing process and so forth. If the data on these
factors are available, then it is worthwhile to use multiple correlation analysis instead of bivariate
one.
2.

Another mistake that occurs frequently is on account of misinterpretation of the coefficient of
correlation. Suppose in one case r = 0.7, it will be wrong to interpret that correlation explains 70
percent of the total variation in Y. The error can be seen easily when we calculate the coefficient
of determination. Here, the coefficient of determination r2 will be 0.49. This means that only 49 percent
of the total variation in Y is explained.

Similarly, the coefficient of determination is misinterpreted if it is also used to indicate causal
relationship, that is, the percentage of the change in one variable is due to the change in another
variable.
3.

Another mistake in the interpretation of the coefficient of correlation occurs when one concludes
a positive or negative relationship even though the two variables are actually unrelated. For
example, the age of students and their score in the examination have no relation with each other. The
two variables may show similar movements but there does not seem to be a common link between
them.
To sum up, one has to be extremely careful while interpreting coefficient of correlation. Before one
concludes a causal relationship, one has to consider other relevant factors that might have any influence on
the dependent variable or on both the variables. Such an approach will avoid many of the pitfalls in the
interpretation of the coefficient of correlation. It has been rightly said that the coefficient of correlation is
not only one of the most widely used, but also one of the widely abused statistical measures.
12
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UNIT II
REGRESSION
WHAT IS REGRESSION?
In 1889, Sir Francis Galton, a cousin of Charles Darwin published a paper on heredity, “Natural Inheritance”.
He reported his discovery that sizes of seeds of sweet pea plants appeared to “revert” or “regress”, to the mean
size in successive generations. He also reported results of a study of the relationship between heights of fathers
and heights of their sons. A straight line was fit to the data pairs: height of father versus height of son. Here,
too, he found a “regression to mediocrity” The heights of the sons represented a movement away from their
fathers, towards the average height. We credit Sir Galton with the idea of statistical regression.
While most applications of regression analysis may have little to do with the “regression to the mean” discovered
by Galton, the term “regression” remains. It now refers to the statistical technique of modeling the
relationship between two or more variables. In general sense, regression analysis means the estimation or
prediction of the unknown value of one variable from the known value(s) of the other variable(s). It is one of
the most important and widely used statistical techniques in almost all sciences - natural, social or physical.
In this lesson we will focus only on simple regression –linear regression involving only two variables: a
dependent variable and an independent variable. Regression analysis for studying more than two variables at a
time is known as multiple regressions.
INDEPENDENT AND DEPENDENT VARIABLES
Simple regression involves only two variables; one variable is predicted by another variable. The variable to be
predicted is called the dependent variable. The predictor is called the independent variable, or explanatory
variable. For example, when we are trying to predict the demand for television sets on the basis of population
growth, we are using the demand for television sets as the dependent variable and the population growth as the
independent or predictor variable.
The decision, as to which variable is which sometimes, causes problems. Often the choice is obvious, as in case
of demand for television sets and population growth because it would make no sense to suggest that population
growth could be dependent on TV demand! The population growth has to be the independent variable and the
TV demand the dependent variable.
If we are unsure, here are some points that might be of use:
➢ if we have control over one of the variables then that is the independent. For example, a manufacturer
can decide how much to spend on advertising and expect his sales to be dependent upon how much he
spends
➢ it there is any lapse of time between the two variables being measured, then the latter must depend upon
the former, it cannot be the other way round
➢ if we want to predict the values of one variable from your knowledge of the other variable, the variable
to be predicted must be dependent on the known one
13
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Free Hand Drawing:
Free hand drawing is the simplest method of fitting a straight line. After a careful inspection of the movement
and spread of various points on the scatter diagram, a straight line is drawn through these points by using a
transparent ruler such that on the
whole it is closest to every point. A straight line so drawn is particularly useful when future approximations of
the dependent variable are promptly required.
Whereas the use of free hand drawing may yield a line nearest to the line of best fit, the major drawback is that
the slope of the line so drawn varies from person to person because of the influence of subjectivity.
Consequently, the values of the dependent variable estimated on the basis of such a line may not be as accurate
and precise as those based on the line of best fit.

Least Square Method:
The least square method of fitting a line of best fit requires minimizing the sum of the squares of vertical
deviations of each observed Y value from the fitted line. These deviations, such as d1 and d3, are shown in
Figure 5-1 and are given by Y - Yc, where Y is the observed value and Yc the corresponding computed value
given by the fitted line

for the ith value of X.

Yc = a + bX i
The straight-line relationship in Eq. (5.1), is stated in terms of two constants a and b
➢ The constant a is the Y-intercept; it indicates the height on the vertical axis from where the straight line
originates, representing the value of Y when X is zero.
➢ Constant b is a measure of the slope of the straight line; it shows the absolute change in Y for a unit
change in X. As the slope may be positive or negative, it indicates the nature of relationship between Y
and X. Accordingly, b is also known as the regression coefficient of Y on X.

Since a straight line is completely defined by its intercept a and slope b, the task of fitting the same reduces only
to the computation of the values of these two constants. Once these two values are known, the computed Yc
values against each value of X can be easily obtained by substituting X values in the linear equation.

14
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CORRELATION ANALYSIS VERSUS REGRESSION ANALYSIS
Correlation and Regression are the two related aspects of a single problem of the analysis of the relationship
between the variables. If we have information on more than one variable, we might be interested in seeing if
there is any connection - any association - between them. If
we found such a association, we might again be interested in predicting the value of one variable for the given
and known values of other variable(s).
1. Correlation literally means the relationship between two or more variables that vary in sympathy so that
the movements in one tend to be accompanied by the corresponding movements in the other(s). On the
other hand, regression means stepping back or returning to the average value and is a mathematical
measure expressing the average relationship between the two variables.
2. Correlation coefficient rxy between two variables X and Y is a measure of the direction and degree of
the linear relationship between two variables that is mutual. It is symmetric, i.e., ryx = rxy and it is
immaterial which of X and Y is dependent variable and which is independent variable.
Regression analysis aims at establishing the functional relationship between the two (or more)
variables under study and then using this relationship to predict or estimate the value of the
dependent variable for any given value of the independent variable(s). It also reflects upon the
nature of the variable, i.e., which is dependent variable and which is independent variable.
Regression coefficient are not symmetric in X and Y, i.e., byx X bxy.
3. Correlation need not imply cause and effect relationship between the variable under study. However,
regression analysis clearly indicates the cause-and-effect relationship between the variables. The
variable corresponding to cause is taken as independent variable and the variable corresponding to effect
is taken as dependent variable.
4. Correlation coefficient rxy is a relative measure of the linear relationship between X and Y and is
independent of the units of measurement. It is a pure number lying between ±1.
On the other hand, the regression coefficients, byx and bxy are absolute measures representing
the change in the value of the variable Y (or X), for a unit change in the value of the variable X (or Y).
Once the functional form of regression curve is known; by substituting the value of the
variable we can obtain the value of the dependent variable and this value will be in

independent
the

units

of

measurement of the dependent variable.
5. There may be non-sense correlation between two variables that is due to pure chance and has no practical
relevance, e.g., the correlation, between the size of shoe and the intelligence of a group of individuals.
There is no such thing like non-sense regression.
15
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UNIT - III
ANALYSIS OF TIME SERIES
Structure
➢ Introduction
➢ Objectives of time series analysis
➢ Components of time series
➢ Time series decomposition models
➢ Measurement of secular trend
➢ Seasonal variations
➢ Measurement of cyclical variations
➢ Measurement of irregular variations
➢ Questions
➢ Suggested readings
INTRODUCTION
A series of observations, on a variable, recorded after successive intervals of time is called a time series.
The successive intervals are usually equal time intervals, e.g., it can be 10 years, a year, a quarter, a month, a
week, a day, and an hour, etc. The data on the population of India is a time series data where time interval
between two successive figures is 10 years. Similarly figures of national income, agricultural and industrial
production, etc., are available on yearly basis.
OBJECTIVES OF TIME SERIES ANALYSIS
The analysis of time series implies its decomposition into various factors that affect the value of its
variable in a given period. It is a quantitative and objective evaluation of the effects of various factors on the
activity under consideration.
There are two main objectives of the analysis of any time series data:
(i) To study the past behaviour of data.
(ii) To make forecasts for future.
The study of past behaviour is essential because it provides us the knowledge of the effects of various forces.
This can facilitate the process of anticipation of future course of events, and, thus, forecasting the value of the
variable as well as planning for future.
Components of a Time Series
In the typical time-series there are three main components which seem to be independent of the and
seems to be influencing time-series data.
Trend- It is the broad long-term tendency of either upward or downward movement in the average (or mean)
value of the forecast variable y over time. The rate of trend growth usually varies over time, as shown in fig
7.1(a) and (b).
Cycles- An upward and downward oscillation of uncertain duration and magnitude about the trend line due to
seasonal effect with fairly regular period or long period with irregular swings is called a cycle. A business cycle
16
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may vary in length, usually greater than one year but less than 5 to 7 years. The movement is through four
phases: from peak (prosperity) to contradiction (recession) to trough (depression) to expansion (recovery or
growth) as shown in Fig. 7.1 (b) and (c).
Seasonal- It is a special case of a cycle component of time series in which the magnitude and duration of the
cycle do not vary but happen at a regular interval each year. For example, average sales for a retail store may
increase greatly during festival seasons.
Irregular- An irregular or erratic (or residual) movement in a time series is caused by short- term unanticipated
and non-recurring factors. These follow no specific pattern.
TIME SERIES DECOMPOSITION MODELS
The analysis of time series consists of two major steps:
1. Identifying the various forces (influences) or factors which produce the variations in the time series, and
2. Isolating, analysing and measuring the effect of these factors separately and independently, by holding
other things constant.
The purpose of decomposition models is to break a time series into its components: Trend (T), Cyclical (C),
Seasonality (S), and Irregularity (I). Decomposition of time series provides a basis for forecasting. There are
many models by which a time series can be analysed; two models commonly used for decomposition of a time
series are discussed below.
Multiplicative Model
This is a most widely used model which assumes that forecast (Y) is the product of the four components at a
particular time period. That is, the effect of four components on the time series is interdependent.
Y=T x C x S × I - Multiplicative model
The multiplicative model is appropriate in situations where the effect of S, C, and I is measured in relative sense
and is not in absolute sense. The geometric mean of S, C, and I is assumed to be less than one. For example, let
the actual sales for period 20 be Y20 = 423.36. Further let, this value be broken down into its components as:
let trend component (mean sales) be 400; effect of current cycle (0.90) is to depress sales by 10 per cent;
seasonality of the series (1.20) boosts sales by 20 per cent. Thus, besides the random fluctuation, the expected
value of sales for the period is 400 × 0.90 × 1.20 = 432. If the random factor depresses sales by 2 per cent in
this period, then the actual sales value will be 432 × 0.98 = 423.36.
Additive Model
In this model, it is assumed that the effect of various components can be estimated by adding the various
components of a time-series. It is stated as:
Y=T + C + S + I
- Additive model
Here S, C, and I are absolute quantities and can have positive or negative values. It is assumed that these four
components are independent of each other. However, in real-life time series data this assumption does not hold
good.
17
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MEASUREMENT OF SECULAR TREND
The principal methods of measuring trend fall into following categories:
1. Free Hand Curve methods
2. Method of Averages
3. Method of least squares
The time series methods are concerned with taking some observed historical pattern for some variable and
projecting this pattern into the future using a mathematical formula. These methods do not attempt to suggest
why the variable under study will take some future value. This limitation of the time series approach is taken
care by the application of a causal method. The causal method tries to identify factors which influence the
variable is some way or cause it to vary in some predictable manner. The two causal methods, regression analysis
and correlation analysis, have already been discussed previously.
A few time series methods such as freehand curves and moving averages simply describe the given data values,
while other methods such as semi-average and least squares help to identify a trend equation to describe the
given data values.
Freehand Method
A freehand curve drawn smoothly through the data values is often an easy and, perhaps, adequate representation
of the data. The forecast can be obtained simply by extending the trend line. A trend line fitted by the freehand
method should conform to the following conditions:
1) The trend line should be smooth- a straight line or mix of long gradual curves.
2) The sum of the vertical deviations of the observations above the trend line should equal the sum of the
vertical deviations of the observations below the trend line.
3) The sum of squares of the vertical deviations of the observations from the trend line should be as small
as possible.
4) The trend line should bisect the cycles so that area above the trend line should be equal to the area below
the trend line, not only for the entire series but as much as possible for each full cycle
Example: Fit a trend line to the following data by using the freehand method.
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Limitations of freehand method
1) This method is highly subjective because the trend line depends on personal judgement and therefore
what happens to be a good-fit for one individual may not be so for another.
2) The trend line drawn cannot have much value if it is used as a basis for predictions.
3) It is very time-consuming to construct a freehand trend if a careful and conscientious job is to be done.
Method of Averages
The objective of smoothing methods into smoothens out the random variations due to irregular components of
the time series and thereby provide us with an overall impression of the pattern of movement in the data over
time. In this section, we shall discuss three smoothing methods.
➢ Moving averages
➢ Weighted moving averages
➢ Semi-averages
The data requirements for the techniques to be discussed in this section are minimal and these techniques are
easy to use and understand.
Moving Averages
If we are observing the movement of some variable values over a period of time and trying to project this
movement into the future, then it is essential to smooth out first the irregular pattern in the historical values of
the variable, and later use this as the basis for a future projection. This can be done by calculating a series of
moving averages.
This method is a subjective method and depends on the length of the period chosen for calculating moving
averages. To remove the effect of cyclical variations, the period chosen should be an integer value that
corresponds to or is a multiple of the estimated average length of a cycle in the series.
The moving averages which serve as an estimate of the next period’s value of a variable given a period of length
n is expressed as:
Moving average, Mat+1 = {Dt + Dt -1 + Dt - 2. + .. + Dt - n +1}
n
where t = current time period
D = actual data which is exchanged each period
n = length of time period
In this method, the term ‘moving’ is used because it is obtained by summing and averaging the values from a
given number of periods, each time deleting the oldest value and adding a new value.
The limitation of this method is that it is highly subjective and dependent on the length of period chosen for
constructing the averages. Moving averages have the following three limitations:
➢ As the size of n (the number of periods averaged) increases, it smoothens the variations better, but it
also makes the method less sensitive to real changes in the data.
➢ Moving averages cannot pick-up trends very well. Since these are averages, it will always stay within
past levels and will not predict a change to either a higher or lower level.
➢ Moving average requires extensive records of past data.
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Semi-Average Method
The semi-average method permits us to estimate the slope and intercept of the trend the quite easily if a linear
function will adequately describe the data. The procedure is simply to divide the data into two parts and compute
their respective arithmetic means. These two points are plotted corresponding to their midpoint of the class
interval covered by the respective part and then these points are joined by a straight line, which is the required
trend line. The arithmetic mean of the first part is the intercept value, and the slope is determined by the ratio of
the difference in the arithmetic mean of the number of years between them, that is, the change per unit time.
The resultant is a time series of the form:
yˆ = a + bx. The yˆ is the calculated trend value and a and b are the intercept and slope values respectively. The
equation should always be stated completely with reference to the year where x =0 and a description of the units
of x and y.
The semi-average method of developing a trend equation is relatively easy to commute and
may be satisfactory if the trend is linear. If the data deviate much from linearity, the forecast will be biased and
less reliable.
Fit a trend line to the following data by the method of semi-average andforecast the sales for
the year 2002.
Year

Sales of Firm
(thousand units)

Year

Sales of Firm (thousand
units)

1993
1994

102
105

1997
1998

108
116

1995

114

1999

112

1996

110

Solution: Since number of years are odd in number, therefore divide the data into equal parts(A and B)
of 3 years ignoring the middle year (1996). The average of part A and B is

102 + 105 + 114
yA

=

321
=

3
108 + 116 + 112
yB

=

= 107 units
3
336

=

= 112 units3
2
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Part A is centered upon 1994 and part B on 1998. Plot points 107 and 112 against their middle years, 1994 and
1998. By joining these points, we obtain the required trend line as shown Fig. The line can be extended and be
used for prediction.

Fig. Trend Line by the Method of Semi-Average
To calculate the time-series yˆ = a + bx, we need
y
Slope b =
x

Change in sales
=
Change in year

112 – 107

5

=

=
1998 – 1994

= 1.25
4

Intercept = a = 107 units at 1994
Thus, the trend line is:

yˆ = 107 + 1.25x

Since 2002 is 8 years distant from the origin (1994), therefore we have
yˆ = 107 + 1.25(8) = 117
Example: Below are given the figures of production (in thousandquintals) of a sugar factory:
Year

:

1992

1993

1994

1995

1996

1997

1998

Production

:

80

90

92

83

94

99

92

(a) Fit a straight-line trend to these figures.
(b) Plot these figures on a graph and show the trend line.
(c) Estimate the production in 2001.
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Solution: (a) Using normal equations and the sugar production data we cancompute constants a and b as
shown in Table
Calculations for Least Squares Equation
Year

x2

Time

Production

Period (x)

(x)

1992
1993

1
2

80
90

1
4

80
180

84
86

1994

3

92

9

276

88

1995

4

83

16

332

90

1996

5

94

25

470

92

1997

6

99

36

594

94

1998

7

92

49

644

96

Total

28

630

140

2576

x

=

x
n

b=

=

28

xy

Trend
Values

= 4, y =

7

 xy − nxy

=

 x2 − n(x) 2

y

y

630
=
= 90
n 7

2576 − 7(4)(90)
140 −7(4)2

=

56

=2

28

a = y − bx − 90 − 2(4) = 82
Therefore, linear trend component for the production of sugar is:
yˆ = a + bx = 82 + 2x
The slope b = 2 indicates that over the past 7 years, the production of sugarhad an average growth of about 2
thousand quintals per year.
SEASONAL VARIATIONS
If the time series data are in terms of annual figures, the seasonal variationsare absent. These variations are
likely to be present in data recorded on quarterly or monthly or weekly or daily or hourly basis. As discussed
earlier,the seasonal variations are of periodic in nature with period less than or equal to one year. These
variations reflect the annual repetitive pattern ofthe economic or business activity of any society. The main
objectives of measuring seasonal variations are:
22
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(i)

To understand their pattern.

(ii)

To use them for short-term forecasting or planning.

(iii)

To compare the pattern of seasonal variations of two or more timeseries in a given
period or of the same series in different periods.
To eliminate the seasonal variations from the data. This process is known as
deseasonalization of data.

(iv)

Methods of Measuring Seasonal Variations
The measurement of seasonal variation is done by isolating them from other components of a time
series. There are four methods commonly used for the measurement of seasonal variations. These
methods are:
1. Method of Simple Averages
2. Ratio to Trend Method
3. Ratio to Moving Average Method
4. Method of Line Relatives
Note: In the discussion of the above methods, we shall often assume a multiplicative model. However,
with suitable modifications, these methods are also applicable to the problems based on additive model.
Method of Simple Averages
This method is used when the time series variable consists of only the seasonal and random components.
The effect of taking average of data corresponding to the same period (say 1st quarter of each year) is
to eliminate the effect of random component and thus, the resulting averages consist of only seasonal
component. These averages are then converted into seasonal indices, as explained in the following
examples.
Example
Assuming that trend and cyclical variations are absent compute the seasonal index for each month of
the following data of sales (in Rs. ‘000) of acompany.
Year

Jan

Feb Mar

Apr May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

1987
1988

46
45

45
44

44
43

46
46

45
46

47
45

46
47

43
42

40
43

40
42

41
43

45
44

1989

42

41

40

44

45

45

46

43

41

40

42

45

Solution
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Calculation Table
Year

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

1987

46

45

44

46

45

47

46

43

40

40

41

45

1988

45

44

43

46

46

45

47

42

43

42

43

44

1989

42

41

40

44

45

45

46

43

41

40

42

45

Total

133

130

127

136

136

137

139

128

124

122

126

134

At

44.3

43.3 42.3

45.3

45.3

45.7

46.3

42.7

41.3

40.7

42.0

44.7

S.l.

101.4

99.1 96.8 103.7 103.7 104.6 105.9 97.7

94.5

93.1

96.1 102.3

In the above table, A denotes the average and S.I the seasonal index for aparticular
month of various years. To calculate the seasonal index,
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523
= 43.7. Then the seasonal
 Ai =
G=
12
12

We compute grand average G, given by

index for a particular month is given by S.I. = A
t  100.
G
Further, S.I.=11998.91200. Thus, we have to adjust these values suchthat their total is
1200. This can be done by multiplying each figure by
1200
. The resulting figures are the adjusted seasonal indices, as given
1198.9
below:
Jan

Feb

Mar

Apr

May

Jun

Jul

101.5

99.2

96.9

103.8 103.8 104.7 106.0

Aug

Sep

Oct

Nov

Dec

97.8

94.6

93.2

96.2

102.3

Remarks: The total equal to 1200, in case of monthly indices and 400, in case of quarterly indices, indicate that
the ups and downs in the time series,due to seasons, neutralize themselves within that year. It is because of this
that the annual data are free from seasonal component.
Example
Compute the seasonal index from the following data by the method of simpleaverages.

Year

Quarter

Y

Year

Quarter

Y

Year

Quarter

Y

1980

I

106

1982

I

90

1984

I

80

II

124

II

112

II

104

III

104

III

101

III

95

IV

90

IV

85

IV

83

I

84

I

76

I

104

II

114

II

94

II

112

III

107

III

91

III

102

IV

88

IV

76

IV

84

1981

1983

1985
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Solution
Calculation of Seasonal Indices

Years

Ist Qr

2nd Qr

3rd Qr

4th Qr

1980

106

124

104

90

1981

84

114

107

88

1982

90

112

101

85

1983

76

94

91

76

1984

80

104

95

83

1985

104

112

102

84
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Total

104

660

600

506

Ai

90

110

100

84.33

Ai
100

93.67

114.49

104.07

87.77

G

We have

G=
At



=

384.33

= 96.08. Further, since the sum of terms in the last row of the

4
4

table is 400, no adjustment is needed. These terms are the seasonal indices of respective quarters.
Merits and Demerits
This is a simple method of measuring seasonal variations which is based on the unrealistic assumption that the
trend and cyclical variations are absent from the data. However, we shall see later that this method, being a part
of the other methods of measuring seasonal variations, is very useful.
Ratio to Trend Method
This method is used when cyclical variations are absent from the data, i.e. the time series variable Y
consists of trend, seasonal and random components.
Using symbols, we can write Y = T.S.R
Various steps in the computation of seasonal indices are:
(i)

Obtain the trend values for each month or quarter, etc. by the method of least squares.

(ii)

Divide the original values by the corresponding trend values. This would eliminate trend

values from the data. To get figures in percentages, the quotients are multiplied by 100.
(iii) Finally, the random component is eliminated by the method ofsimple averages.
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MEASUREMENT OF CYCLICAL VARIATIONS-RESIDUAL METHOD
As mentioned earlier that a typical time-series has four components: secular trend (T), seasonal variation
(S), cyclical variation (C), and irregular variation (I). In a multiplicative time-series model, these
components are written as:

Y=T×C×S×I
The deseasonalization data can be adjusted for trend analysis these by the corresponding trend and
seasonal variation values. Thus, we are left with only cyclical (C) and irregular (I) variations in the data
set as shown below:
Y

T×C×S×I
=

T×S

=C×I
T×S

The moving averages of an appropriate period may be used to eliminate or
reduce the effect of irregular variations and thus left behind only the cyclical
variations.
The procedure of identifying cyclical variation is known as the residual method. Recall that cyclical
variations in time-series tend to oscillate above and below the secular trend line for periods longer than
one year. The steps of residual method are summarized as follows:
➢ Obtain seasonal indexes and deseasonalized data.
➢ Obtain trend values and expressed seasonalized data as percentages of the trend values.
➢ Divided the original data (Y) by the corresponding trend values (T) in the time-series to get S × C
× I. Further divide S × C × I by S to get C × I.
➢ Smooth out irregular variations by using moving averages of an appropriate period but of short
duration, leaving only the cyclical variation.

MEASUREMENT OF IRREGULAR VARIATIONS
Since irregular variations are random in nature, no particular procedure can be followed to isolate and
identify these variations. However, the residual method can be extended one step further by dividing C ×
I by the cyclical component (C) to identify the irregular component (I).
Alternately, trend (T), seasonal (S), and cyclical (C) components of the given time-series are estimated
and then the residual is taken as the irregular variation. Thus, in the case of multiplicative time-series
model, we have
Y
T×C×S×I
=
=I
T×C×S
T×C×S
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UNIT – IV
INDEX NUMBERS
WHAT ARE INDEX NUMBERS?
“Index numbers are statistical devices designed to measure the relative changes in the level of a certain
phenomenon in two or more situations”. The phenomenon under consideration may be any field of
quantitative measurements. It may refer to a single variable or a group of distinct but related variables.
In Business and Economics, the phenomenon under consideration may be:
➢ the prices of a particular commodity like steel, gold, leather, etc. or a group of commodities like
consumer goods, cereals, milk and milk products, cosmetics, etc.
➢ volume of trade, factory production, industrial or agricultural production, imports or exports,
stocks and shares, sales and profits of a business house and so on.
➢ the national income of a country, wage structure of workers in various sectors, bank deposits,
foreign exchange reserves, cost of living of persons of a particular community, class or profession
and so on.
The various situations requiring comparison may refer to either
➢ the changes occurring over a time, or
➢ the difference(s) between two or more places, or
➢ the variations between similar categories of objects/subjects, such as persons, groups of persons,
organizations etc. or other characteristics such as income, profession, etc.
The utility of index numbers in facilitating comparison may be seen when, for example we are interested
in studying the general change in the price level of consumer goods, i.e., good or commodities consumed
by the people belonging to a particular section of society, say, low-income group or middle-income group
or labour class and so on. Obviously, these changes are not directly measurable as the price quotations of
the various commodities are available in different units, e.g., cereals (wheat, rice, pulses, etc.) are quoted
in Rs per quintal or kg; water in Rs per gallon; milk, petrol, kerosene, etc. in Rs per liter; cloth in Rs per
miter and so on.
Further, the prices of some of the commodities may be increasing while those of others may be decreasing
during the two periods and the rates of increase or decrease may be different for different commodities.
Index number is a statistical device, which enables us to arrive at a single representative figure that gives
the general level of the price of the phenomenon (commodities) in an extensive group. According to
Wheldon:
“Index number is a statistical device for indicating the relative movements of the data where
measurement of actual movements is difficult or incapable of being made.”
FY Edgeworth gave the classical definition of index numbers as follows:
“Index number shows by its variations the changes in a magnitude which is not susceptible either
of accurate measurement in itself or of direct valuation in practice.
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USES OF INDEX NUMBER
The first index number was constructed by an Italian, Mr. G R Carli, in 1764 to compare the changes in
price for the year 1750 (current year) with the price level in 1500 (base year) in order to study the effect
of discovery of America on the price level in Italy. Though originally designed to study the general level
of prices or accordingly purchasing power of money, today index numbers are extensively used for a
variety of purposes in economics, business, management, etc., and for quantitative data relating to
production, consumption, profits, personnel and financial matters etc., for comparing changes in the level
of phenomenon for two periods, places, etc. In fact, there is hardly any field or quantitative measurements
where index numbers are not constructed. They are used in almost all sciences – natural, social and
physical. The main uses of index numbers can be summarized as follows:

1. Index Numbers as Economic Barometers
Index numbers are indispensable tools for the management personnel of any government organization or
individual business concern and in business planning and formulation of executive decisions. The indices
of prices (wholesale & retail), output (volume of trade, import and export, industrial and agricultural
production) and bank deposits, foreign exchange and reserves etc., throw light on the nature of, and
variation in the general economic and business activity of the country. They are the indicators of business
environment. A careful study of these indices gives us a fairly good appraisal of the general trade,
economic development and business activity of the country. In the world of G Simpson and F Kafka:
“Index numbers are today one of the most widely used statistical devices. They are used to take the pulse
of the economy and they have come to be used as indicators of inflationary or deflationary tendencies.”
Like barometers, which are used in Physics and Chemistry to measure atmospheric pressure, index
numbers are rightly termed as “economic barometers”, which measure the pressure of economic and
business behaviour.
2. Index Numbers Help in Studying Trends and Tendencies
Since the index numbers study the relative change in the level of a phenomenon at different periods of
time, they are especially useful for the study of the general trend for a group phenomenon in time series
data. The indices of output (industrial and agricultural production), volume of trade, import and export,
etc., are extremely useful for studying the changes in the level of phenomenon due to the various
components of a time series, viz. secular trend, seasonal and cyclical variations and irregular components
and reflect upon the general trend of production and business activity. As a measure of average change in
extensive group, the index numbers can be used to forecast future events. For instance, if a businessman
Page 30 of
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is interested in establishing a new undertaking, the study of the trend of changes in the prices, wages and
incomes in different industries is extremely helpful to him to frame a general idea of the comparative
courses, which the future holds for different undertakings.
3. Index Numbers Help in Formulating Decisions and Policies
Index numbers of the data relating to various business and economic variables serve an important guide
to the formulation of appropriate policy. For example, the cost-of-living index numbers are used by the
government and, the industrial and business concerns for the regulation of dearness allowance (D.A.) or
grant of bonus to the workers so as to enable them to meet the increased cost of living from time to time.
The excise duty on the production or sales of a commodity is regulated according to the index numbers of
the consumption of the commodity from time to time. Similarly, the indices of consumption of various
commodities help in the planning of their future production. Although index numbers are now widely used
to study the general economic and business conditions of the society, they are also applied with advantage
by sociologists (population indices), psychologists (IQs’), health and educational authorities etc., for
formulating and revising their policies from time to time.
4. Price Indices Measure the Purchasing Power of Money
A traditional use of index numbers is in measuring the purchasing power of money. Since the changes in
prices and purchasing power of money are inversely related, an increase in the general price index
indicates that the purchasing power of money has gone down.
In general, the purchasing power of money may be computed as

Accordingly, if the consumer price index for a given year is 150, the purchasing power of a rupee is
(1/150) 100 = 0.67. That is, the purchasing power of a rupee in the given year is 67 paise as compared to
the base year.
With the increase in prices, the amount of goods and services which money wages can buy (or the real
wages) goes on decreasing. Index numbers tell us the change in real
wages, which are obtained as
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A real wage index equal to, say, 120 corresponding to money wage index of 160 will indicate an increase
in real wages by only 20 per cent as against 60 per cent increase in money wages.
Index numbers also serve as the basis of determining the terms of exchange. The terms of exchange are
the parity rate at which one set of commodities is exchanged for another set of commodities. It is
determined by taking the ratio of the price index for the two groups of commodities and expressing it in
percentage.
For example, if A and B are the two groups of commodities with 120 and 150 as their price index in a
particular year, respectively, the ratio 120/150 multiplied by 100 is 80 per cent. It means that prices of A
group of commodities in terms of those in group B are lower by 20 per cent.
5. Index Numbers are Used for Deflation
Consumer price indices or cost of living index numbers are used for deflation of net national product,
income value series in national accounts. The technique of obtaining real wages from the given nominal
wages (as explained in use 4 above) can be used to find real income from inflated money income, real
sales from nominal sales and so on by taking into account appropriate index numbers.

TESTS OF ADEQUACY OF INDEX NUMBERS
We have discussed various formulae for the construction of index numbers. None of the formulae
measures the price changes or quantity changes with perfection and has some bias. The problem is to
choose the most appropriate formula in a given situation. As a measure of the formula error a number of
mathematical tests, known as the tests of consistency or tests of adequacy of index number formulae have
been suggested. In this section we will discuss these tests, which are also sometimes termed as the criteria
for a good index number.
1) Unit Test: This test requires that the index number formula should be independent of the units in
which the prices or quantities of various commodities are quoted. All the formulae discussed in
the lesson except the index number based on Simple Aggregate of Prices/Quantities satisfy this
test.
2) Time Reversal Test: The time reversal test, proposed by Prof Irving Fisher requires the index
number formula to possess time consistency by working both forward and backward w.r.t. time.
In his (Fisher’s) words:
“The formula for calculating an index number should be such that it gives the same ratio between one
point of comparison and the other, no matter which of the two is taken as the base or putting it another
way, the index number reckoned forward should be reciprocal of the one reckoned backward.”
In other words, if the index numbers are computed for the same data relating to two periods by the same
formula but with the bases reversed, then the two index numbers so obtained should be the reciprocals of
each other. Mathematically, we should have
(Omitting the factor 100),
Pab xPba = 1
or more generally
P01 xP10 = 1
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Time reversal test is satisfied by the following index number formulae:
1) Marshall-Edgeworth formula
2) Fisher’s Ideal formula
3) Kelly’s fixed weight formula
4) Simple Aggregate index
5) Simple Geometric Mean of Price Relatives formula
6) Weighted Geometric Mean of Price Relatives formula with fixed weights Lespeyre’s and Pasche’s
index numbers do not satisfy the time reversal test.
3. Factor Reversal Test: This is the second of the two important tests of consistency proposed by Prof
Irving Fisher. According to him:
“Just as our formula should permit the interchange of two times without giving inconsistent results, so it
ought to permit interchanging the price and quantities without giving inconsistent results – i.e., the two
results multiplied together should give the true value ratio, except for a constant of proportionality.”
This implies that if the price and quantity indices are obtained for the same data, same base and current
periods and using the same formula, then their product (without the factor 100) should give the true value
ratio. Symbolically, we should have (without factor 100).

Fisher’s formula satisfies the factor reversal test. In fact fisher’s index is the only index satisfying this test
as none of the formulae discussed in the lesson satisfies this test.
Remark: Since Fisher’s index is the only index that satisfies both the time reversal and factor reversal
tests, it is termed as Fisher’s Ideal Index.
4. Circular Test: Circular test, first suggested by Westergaard, is an extension of time reversal test for
more than two periods and is based on the shift ability of the base period. This requires the index to work
in a circular manner and this property enables us to find the index numbers from period to period without
referring back to the original base each time. For three periods a,b,c, the test requires :

In the usual notations can be stated as:
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For Instance

Hence Laspeyre’s index does not satisfy the circular test. In fact, circular test is not satisfied by any of the
weighted aggregative formulae with changing weights. This test is satisfied only by the index number
formulae based on:
➢ Simple geometric mean of the price relatives, and
➢ Kelly’s fixed base method

PROBLEMS OF CONSTRUCTING INDEX NUMBERS
The above discussion enables us to identify some of the important problems, which may be faced in the
construction of index numbers:
1) Choice of the Base Period: Choice of the base period is a critical decision because of its
importance in the construction of index numbers. A base period is the reference period for
describing and comparing the changes in prices or quantities in a given period. The selection of a
base year or period does not pose difficult theoretical questions. To a large extent, the choice of
the base year depends on the objective of the index. A major consideration should be to ensure that
the base year is not an abnormal year. For example, a base period with very low price/quantity will
unduly inflate, while the one with a very high figure will unduly depress, the entire index number
series. An index number series constructed with any such period as the base may give very
misleading results. It is, therefore, necessary that the base period be selected carefully.
Another important consideration is that the base year should not be too remote in the past. A
more recent year needs to be selected as the base year. The use of a particular year for a
prolonged period would distort the changes that it purports to measure. That is why we find
that the base year of major index numbers, such as consumer price index or index of industrial
production, is shifted from time to time.
2) Selection of Weights to be Used: It should be amply clear from the various indices discussed in
the lesson that the choice of the system of weights, which may be used, is fairly large. Since any
system of weights has its own merits and is capable of giving results amenable to precise
interpretations, the weights used should be decided keeping in view the purpose for which an index
is constructed.
It is also worthwhile to bear in, mind that the use of any system of weights should represent the
relative importance of individual commodities that enter into the construction of an index. The
interpretations that are intended to be made from an index number are also important in
deciding the weights. The use of a system of weights that involves heavy computational work
deserves to be avoided.
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3) Type of Average to be Used: What type of average should be used is a problem specific to simple
average indices. Theoretically, one can use any of the several averages that we have, such as mean,
median, mode, harmonic mean, and geometric mean. Besides being locational averages, median
and mode are not the appropriate averages to use especially where the number of years for which
an index is to be computed, is not large.
While the use of harmonic means and geometric mean has some definite merits over mean,
particularly when the data to be averaged refer to ratios, mean is generally more frequently
used for convenience in computations.
4) Choice of Index: The problem of selection of an appropriate index arises because of availability
of different types of indices giving different results when applied to the same data. Out of the
various indices discussed, the choice should be in favour of one which is capable of giving more
accurate and precise results, and which provides answer to specific questions for which an index
is constructed.
While the Fisher's index may be considered ideal for its ability to satisfy the tests of adequacy,
this too suffers from two important drawbacks. First, it involves too lengthy computations, and
second, it is not amenable to easy interpretations as are the Laspeyre's and Paasche's indices.
The use of the term ideal does not, however, mean that it is the best to use under all types of
situations. Other indices are more appropriate under situations where specific answers are
needed.
5) Selection of Commodities: Commodities to be included in the construction of an index should
be carefully selected. Only those commodities deserve to be included in the construction of an
index as would make it more representative. This, in fact, is a problem of sampling, for being
related to the selection of commodities to be included in the sample.
In this context, it is important to note that the selection of commodities must not be based on
random sampling. The reason being that in random sampling every commodity, including those
that are not important and relevant, have equal chance of being selected, and consequently,
the index may not be representative. The choice of commodities has, therefore, to be
deliberate and in keeping with the relevance and im- portance of each individual commodity to
the purpose for which the index is constructed.
6) Data Collection: Collection of data through a sample is the most important issue in the
construction of index numbers. The data collected are the raw material of an index. Data quality is
the basic factor that determines the usefulness of an index. The data have to be as accurate, reliable,
comparable, representative, and adequate, as possible.
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UNIT -V
PROBABILITY THEORY

Objectives: The present lesson is an attempt to overview the concept of probability, thereby enabling the
students to appreciate the relevance of probability theory in decision-making under conditions of
uncertainty. After successful completion of the lesson the students will be able to understand and use
the different approaches to probability as well as different probability rules for calculating probabilities
in different situations.
Structure
1) Introduction
2) Some Basic Concepts
3) Approaches to Probability Theory
4) Probability Rules
5) Bayes’ Theorem
6) Some Counting Concepts
7) Self-Assessment Questions
8) Suggested Readings
INTRODUCTION
Life is full of uncertainties. ‘Probably’, ‘likely’, ‘possibly’, ‘chance’ etc. is some of the most
commonly used terms in our day-to-day conversation. All these terms more or less convey the same sense
- “the situation under consideration is uncertain and commenting on the future with certainty is
impossible”. Decision-making in such areas is facilitated through formal and precise expressions for the
uncertainties involved. For example, product demand is uncertain but study of demand spelled out in a
form amenable for analysis may go a long to help analyze, and facilitate decisions on sales planning and
inventory management. Intuitively, we see that if there is a high chance of a high demand in the coming
year, we may decide to stock more. We may also take some decisions regarding the price increase,
reducing sales expenses etc. to manage the demand. However, in order to make such decisions, we need
to quantify the chances of different quantities of demand in the coming year. Probability theory provides
us with the ways and means to quantify the uncertainties involved in such situations.
A probability is a quantitative measure of uncertainty - a number that conveys the strength of our
belief in the occurrence of an uncertain event.
Since uncertainty is an integral part of human life, people have always been interested - consciously or
unconsciously - in evaluating probabilities.
Having its origin associated with gamblers, the theory of probability today is an indispensable tool in the
analysis of situations involving uncertainty. It forms the basis for inferential statistics as well as for other
fields that require quantitative assessments of chance occurrences, such as quality control, management
decision analysis, and almost all areas in physics, biology, engineering and economics or social life.
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SOME BASIC CONCEPTS
Probability, in common parlance, refers to the chance of occurrence of an event or happening. In order
that we are able to compute it, a proper understanding of certain basic concepts in probability theory is
required. These concepts are an experiment, a sample space, and an event.
EXPERIMENT
An experiment is a process that leads to one of several possible outcomes. An outcome of an experiment
is some observation or measurement.
The term experiment is used in probability theory in a much broader sense than in physics or chemistry.
Any action, whether it is the drawing a card out of a deck of 52 cards, or reading the temperature, or
measurement of a product's dimension to ascertain quality, or the launching of a new product in the market,
constitute an experiment in the probability theory terminology.
The experiments in probability theory have three things in common:
➢ there are two or more outcomes of each experiment
➢ it is possible to specify the outcomes in advance
➢ there is uncertainty about the outcomes
For example, the product we are measuring may turn out to be undersize or right size or oversize, and we
are not certain which way it will be when we measure it. Similarly, launching a new product involves
uncertain outcome of meeting with a success or failure in the market.
A single outcome of an experiment is called a basic outcome or an elementary event. Any particular card
drawn from a deck is a basic outcome.
SAMPLE SPACE
The sample space is the universal set S pertinent to a given experiment. It is the set of all possible outcomes
of an experiment.
So each outcome is visualized as a sample point in the sample space. The sample spaces for the above
experiments are:
Experiment

Sample Space

Drawing a Card

{all 52 cards in the deck}

Reading the Temperature

{all numbers in the range of temperatures}

Measurement of a Product's Dimension

{undersize, outsize, right size}

Launching of a New Product

{success, failure}
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EVENT
An event, in probability theory, constitutes one or more possible outcomes of an experiment.
An event is a subset of a sample space. It is a set of basic outcomes. We say that the event occurs if the
experiment gives rise to a basic outcome belonging to the event.
For the experiment of drawing a card, we may obtain different events A, B, and C like:
A

:

The event that card drawn is king of club

B

:

The event that card drawn is red

C

:

The event that card drawn is ace

In the first case, out of the 52 sample points that constitute the sample space, only one sample point or
outcome defines the event, whereas the number of outcomes used in the second and third case is 13 and
4 respectively.
APPROACHES TO PROBABILITY THEORY
Three different approaches to the definition and interpretation of probability have evolved, mainly to cater
to the three different types of situations under which probability measures are normally required. We will
study these approaches with the help of examples of distinct types of experiments.
Consider the following situations marked by three distinct types of experiments. The events that we are
interested in, within these experiments, are also given.

Situation I
Experiment

:

Drawing a Card Out of a Deck of 52 Cards

Event A

:

On any draw, a king is there

Experiment

:

Administering a Taste Test for a New Soup

Event B

:

A consumer likes the taste

Experiment

:

Commissioning a Solar Power Plant

Event C

:

The plant turns out to be a successful venture

Situation II

Situation III
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Situation I: THE CLASSICAL APPROACH
The first situation is characterized by the fact that for a given experiment we have a sample space
with equally likely basic outcomes. When a card is drawn out of a well-shuffled deck, every one of the
cards (the basic outcomes) is as likely to occur as any other. This type of situations, marked by the presence
of "equally likely" outcomes, gave rise to the Classical Approach to the probability theory. In the Classical
Approach, probability of an event is defined as the relative size of the event with respect to the size of the
sample space. Since there are 4 kings and there are 52 cards, the size of A is 4 and the size of the sample
space is 52. Therefore, the probability of A is equal to 4/52.
Situation II: THE RELATIVE FREQUENCY APPROACH
If we try to apply the classical definition of probability in the second experiment, we find that we
cannot say that consumers will equally like the taste of the soup. Moreover, we do not know as to how
many persons have been tested. This implies that we should have the past data on people who were
administered the soup and the number that liked the taste. In the absence of past data, we have to undertake
an experiment, where we administer the taste test on a group of people to check its effect.
The Relative Frequency Approach is used to compute probability in such cases. As per this approach, the
probability of occurrence of an event is given by the observed relative frequency of an event in a very
large number of trials. In other words, the probability of occurrence of an event is the ratio of the number
of times the event occurs to the total number of trials.

Situation III: THE SUBJECTIVE APPROACH
The third situation seems apparently similar to the second one. We may be tempted here to apply the
Relative Frequency Approach. We may calculate the probability of the event that the venture is a success
as the ratio of number of successful ventures to the total number of such ventures undertaken i.e. the
relative frequency of successes will be a measure of the probability.

However, the calculation here presupposes that either
➢ it is possible to do an experiment with such ventures, or
➢ that past data on such ventures will be available

In practice, a solar power plant being a relatively new development involving the latest technology, past
experiences are not available. Experimentation is also ruled out because of high cost and time involved,
unlike the taste testing situation. In such cases, the only way out is the Subjective Approach to probability.
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In this approach, we try to assess the probability from our own experiences. We may bring in any
information to assess this. In the situation cited, we may, perhaps, look into the performance of the
commissioning authority in other new and related technologies.
Therefore, the Subjective Approach involves personal judgment, information, intuition, and other
subjective evaluation criteria. A physician assessing the probability of a patient's recovery and an expert
assessing the probability of success of a merger offer are both making a personal judgment based upon
what they know and feel about the situation. The area of subjective probability - which is relatively new,
having been first developed in the 1930s - is somewhat controversial. One person's subjective probability
may very well be different from another person's subjective probability of the same event. We may note
here that since the assessment is a purely subjective one, it will vary from person to person and, therefore,
subjective probability is also called Personal Probability.
Three Approaches – A Comparative View
As already noted, the different approaches have evolved to cater to different kinds of situations. So these
approaches are not contradictory to one another. In fact, these complement each other in the sense that
where one fails, the other becomes applicable. These are identical inasmuch as probability is defined as a
ratio or a weight assigned to the occurrence of an event. However, in contrast to the Subjective measure
of the third approach, the first two approaches - Classical and Relative Frequency - provide an objective
measure of probability in the sense that no personal judgment is involved.
We can bring out the commonality between the Classical Approach and the Relative Frequency Approach
with the help of an example. Let us assume that we are interested in finding out the chances of getting a
head in the toss of a coin. By now, you would have come up with the answer by the Classical Approach,
using the argument, that there are two outcomes, heads and tails, which are equally likely. Hence, given
that a head can occur only once, the probability is ½: Consider the following alternative line of argument,
where the probability can be estimated using the Relative Frequency Approach. If we toss the coin for a
sufficiently large number of times and note down the number of times the head occurs, the proportion of
times that a head occurs will give us the required probability.
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PROBABILITY RULES
We have seen how to compute probabilities in certain situations. The nature of the events were relatively
simple, so that direct application of the definition of probability could be used for computation. Quite
often, we are interested in the probability of occurrence of more complex events. Consider for example,
that you want to find the probability that a king or a club will occur in a draw from a deck of 52 cards.
Similarly, on examining couples with two children, if one child is known as a boy, you may be interested
in the probability of the event of both the children being boys. These two situations, we find, are not as
simple as those discussed in the earlier section. As a sequel to the theoretical development in the field of
probability, certain results are available which help us in computing probabilities in such situations. Now
we will explore these results through examples.

THE UNION RULE
A very important rule in probability theory, the Rule of Unions (also called Addition Theorem) allows us
to write the probability of the union of two events in terms of the probabilities of the two events and the
probability of their intersection.
Consider two events A and B defined over the sample space S, as shone in Figure

26
8

The probability of the intersection of two events P (A  B) is called their joint probability. The meaning
of this rule is very simple and intuitive: When we add the probabilities of A and B, we are measuring, or
counting, the probability of their intersection twice once when measuring the relative size of A within the
sample space and once when doing this with B. Since the relative size, or probability, of the intersection
of the two sets is counted twice, we subtract it once so that we are left with the true probability of the
union of the two events.
The rule of unions is especially useful when we do not have the sample space for the union of events but
do have the separate probabilities.
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Mutually Exclusive Events
When the sets corresponding to two events are disjoint (i.e., have no intersection), the two events are
called mutually exclusive (see Figure)

Two Mutually Exclusive Events A and B

For mutually exclusive events, the probability of the intersection of the events is zero. This is so because
the intersection of the events is the empty set, and we know that the probability of the empty set is zero.

The Product Rule states that the probability that both A and B will occur simultaneously is equal to the
probability that B (or A) will occur multiplied by the conditional probability that A (or B) will occur,
when it is known that B (or A) is certain to occur or has already occurred.
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UNIT: V
ASSOCIATION OF ATTRIBUTES
INTRODUCTION
The dictionary meaning of attribute is quality or characteristic. Some examples of attributes are beauty,
honesty, gender (male or female), health, employment, smoking, drinking, blindness, etc. The theory of
attributes deals with qualitative characteristics which cannot be measured quantitatively. Hence, the study
of attributes requires special statistical treatment which is different from that of the study of variables and
has been developed independently.
In the study of attributes, the objects (units of the population/sample) are classified according to the
presence or absence of the attribute (quality) in them. For example, a person may be classified as smoker
or non-smoker, blind or not blind, male or female, employed or un-employed, healthy or sick, literate or
illiterate, and so on. This type of classification in which the units of the population are divided into two
exhaustive, mutually exclusive classes viz., the one possessing the attribute and the other not possessing
the attribute, with respect to one or more of the attributes is called dichotomous classification.
On the other hand, if the units of the population are divided into more than two classes with respect to an
attribute, the classification may be termed as manifold classification. For example, the population, may
be divided w.r.t. the attribute ‘intelligence’ into the following classes:
(i) Genius, (ii) Very intelligent, (iii) Average intelligent, (iv) Below average intelligent, (v) Dull.

NOTATIONS
The presence of attributes in the units of the population is denoted by the capital letters of the English
alphabet, say, A, B, C, D, etc., and their absence is denoted by the corresponding small letters of the Greek
alphabet, say, , , ,  respectively. For example,
If the attribute A denotes smoking, then  denotes non-smoking.
(ii) If the attribute B denotes blindness, then  denotes non-blindness or sight.
(iii) If the attribute C denotes males, then  denotes females and so on.
(i)

The combinations of attributes are denoted by grouping together the corresponding letters. Thus, in the
above examples, the corresponding attribute AB denotes the simultaneous possession of both the attributes
A and B viz., blind smokers. Similarly,
B
represents
‘blind non-smokers’
A
represents
‘non-blind smokers’
BC
represents
‘blind males’

represents
‘non-blind females’
and
ABC represents
‘male blind smokers’. Similar interpretations can be given to A C, A ,
 BC,    and soon.
Remark. The attribute  used in the sense of not-A is known as the complementary, (or negative)
attribute of A. Similar interpretation can be given to the attributes , , , etc.
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CONSISTENCY OF DATA
The class frequencies observed within one and the same population are said to be consistent if they are in
conformity with each other and do not conflict with each other in any way. The given set of class
frequencies is said to be consistent if none of them is negative, otherwise it is said to be inconsistent.
Since any class frequency can be expressed as the sum of some of the ultimate class frequencies, it is
necessarily non-negative if all the ultimate class frequencies are non-negative. This provides a criterion
for testing the consistency of the data, which is stated below.
“The necessary and sufficient condition for the consistency of a set of independent class frequencies is
that no ultimate class frequency is negative.”
Hence, the most convenient way of testing the consistency of the given data is to find all the ultimate class
frequencies. If any one of them comes out to be negative, the data are said to be inconsistent, otherwise it
is said to be consistent.
It should be clearly understood that the consistency of the data is no proof of the accuracy of counting or
calculations. However, inconsistency of the data always implies that there is some mistake or error in the
given information (data) and as such the data are not suitable for further treatment. Such inconsistency
may be due to wrong or inaccurate calculations or the error in transcription. Such (inconsistent)
information should be rectified, if possible, otherwise rejected.
Conditions for Consistency of Data.
Criteria for consistency of class frequencies are obtained by using the result. For a single attribute A, we
have conditions of consistency as follows:

Page 44 of
47

S

STUDY MATERIAL FOR BA ECONOMICS
STATISTICS FOR ECONOMICS – II
SEMESTER - II, ACADEMIC YEAR 2021-22

THEORY OF ATTRIBUTES

Conditions of consistency for three attributes A, B and C are:

Incomplete Data. We have pointed out in dichotomous classification of a population with respect to each
of the n attributes, there are 2n algebraically independent class frequencies.
The remaining (3n – 2n) class frequencies can be obtained easily from:
(i) The set of 2n ultimate class frequencies or
(ii) The set of 2n positive frequencies.
If the date are incomplete i.e., if one or more of the ultimate class frequencies are not known, or one
or more of the positive frequencies are not known, then we cannot determine all the class frequencies. In
such cases, (of incomplete data), the conditions of consistency obtained, enable us to obtain the maximum
or/and minimum limits for the missing class frequencies. For illustration, see
Example. Given N = 2000, (A) = 1500, (B) = 100 and
test the consistency of the data.

(AB) = 350,

Solution. We are given: N = 2000, (A) = 1500, (B) = 100, and (AB) = 350
To test the consistency of the data, we will find the ultimate class frequencies viz., ( B), (A) and
(  ).
(B) = (B) – (AB) = 100 – 350 = –250.
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Since (B) < 0 i.e., negative, the given data are inconsistent.
Example. In a report on consumer preference, it was given that out of 500 persons surveyed, 400 preferred
variety A, 380 preferred variety B and 270 liked both A and B. Are the data consistent?

Solution. In the usual notations, we are given N = 500, (A) = 400, (B) = 380, (AB) = 270…(*)
(   ) = N – (A) – (B) + (AB)
= 500 – 400 – 380 + 270 = 770 – 780 = –10
Since each frequency has to be positive, therefore, the given data are inconsistent.
ASSOCIATION OF ATTRIBUTES
Two attributes are said to be associated if they are not independent but are related in some way or the
other. As in the case of independent attributes, we have the following criteria of studying the association
between two attributes.
(Criterion 1). Proportion Method. This method consists in comparing the presence or absence of a given
attribute in the other.
Two attributes A and B are said to be:

(Criterion 2). Comparison of Observed and Expected Frequencies. Two attributes A and B are said to
be:

Similar expressions can be obtained for other ultimate class frequencies such as (A ), ( B), and ( ).
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Remarks
1.Dis-association. When there is positive association between the two attributes A and B, we quite often,
say that they are associated (without adding the adjective positive). If the two attributes are negatively
associated, they are said to be dis-associated. It should be clearly understood that dis-association of
attributes does not mean the independence of attributes or absence of association between the attributes.
It simply means negative association.
2. In our day-to-day language, we would say that the two attributes are associated if they occur together
in a large number of cases. However, in Statistics, the word association is used in a different sense.
Statistically, two attributes are said to be associated if they occur together in a large number of cases than
expected, if they were independent. From the mere fact that some A’s are B’s, however great the
proportion, we cannot infer that the attributes are associated. For studying association between two
attributes, we must be given sufficient information (in terms of class frequencies), for using one of the
criteria discussed in this section. For illustration
(Criterion 3) Yule’s Coefficient of Association. The main limitation of both the methods (Criterion 1
and Criterion 2), is that each simply gives us an idea if the attributes are positively associated, negatively
associated or independent. However, none of these methods gives us any idea about the extent of
association between the two attributes. G. Undy Yule’s coefficient of association, denoted by Q , is a
mathematical measure of the intensity of association between the two attributes, say, A and B. It is based
on all the ultimate class frequencies and is given by:

Remarks 1. Limits for Q. Let us write: a = (AB) (  ) and b = (A ) ( B ).
Then obviously, a > 0 and b > 0, so that
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Criterion 4. Coefficient of Colligation. This is another measure of association suggested by Professor
Yule and has the same properties as Q. It is denoted by Y and is given by:

Using the relation, we can obtain the value of Yule’s coefficient (Q) from that of coefficient of
colligation (Y)

Example: Out of 715 literates in a particular city of India, number of criminals was 8; while out of 975
illiterates in the same city, 17 were criminals. Find out if illiteracy and criminality are associated or
independent by using the Proportion Method.
Solution. Let us define the attributes:

so that

A: Illiteracy

B: Criminality

: Literacy

: Non-criminality Then, in the usual notations, we are given:

(A) = 975,

(AB) = 17;

() = 715,

( B) = 8

Proportion Method.
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