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UNIT 11: TESTING OF HYPOTHESIS
UNIT STRUCTURE
11.1 Learning Objectives
11.2 Introduction
11.3 Statistical hypothesis: Null hypothesis and Alternative hypothesis
11.4 Errors in Hypothesis Testing, Level of Significance and Critical Region
11.5 One -Tailed and Two-Tailed Tests
11.6 General Procedure For Hypothesis Testing
11.7 Testing of Hypothesis in case of Large Samples
11.7.1 Hypothesis Testing for Single Population Mean
11.7.2 Hypothesis Testing for Single Population Proportion
11.7.3 Hypothesis Testing for Difference between Two Population
Means
11.7.4 Hypothesis Testing for Difference between Two Population
Proportions
11.8 Testing of Hypothesis in case of Small Samples
11.8.1 Characteristics of t- distribution
11.8.2 Applications of t-distribution
11.8.3 Hypothesis Testing for Single Population Mean
11.8.4 Hypothesis Testing for Difference between Two Population
Means
11.8.5 Paired t-test for Difference between Two Population Means
11.9 Let Us Sum Up
11.10 Further Readings
11.11 Answers To Check Your Progress
11.12 Model Questions
11.1 LEARNING OBJECTIVES
After going through this unit, you will able to
● establish null and alternative hypotheses about a population parameter
● understand the two types of errors; interpret the confidence level and the
significance level
● develop hypothesis testing procedures for accepting or rejecting a null
hypothesis
● learn how and when to use the normal and t distributions for hypothesis
testing
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11.2 INTRODUCTION
In today’s dynamic business environment, decision makers need might answers to
certain questions in order to take optimum decisions. For example a pharmaceutical
concern might be interested in assessing whether a new drug is really effective in
curing a disease; a personnel manager might be interested to study the job satisfaction
level of employees, a marketing manager might be interested in knowing the
customer satisfaction about a particular product, etc. In all the situations, the
concerned manager has to take wise decisions since such decisions involve the risk of
taking wrong decisions. It is here that modern theory of probability plays a vital role
in decision making and the branch of Statistics that develops the criterion for such
decisions is known as testing of hypothesis. Hypothesis testing begins with an
assumption commonly termed as “hypothesis” that a researcher makes about an
unknown population parameter. Hypothesis testing is a well-defined procedure which
enables us to decide objectively whether to accept or reject the hypothesis based on
the information obtained from the sample.
11.3 STATISTICAL HYPOTHESIS:
NULL HYPOTHESIS AND ALTERNATIVE HYPOTHESIS
A statistical hypothesis is some assumption or statement, which may or may not be
true, about an unknown population parameter. For example, suppose the Vice
President (HR) of a company wants to examine the effectiveness of a training
programme which the company has organized for all its employees located at
different places of the country. The Vice President (HR) will then make an
assumption that “training has not enhanced efficiency”. To test such claim
statistically, sample data are collected and analyzed. The assumption is accepted or
rejected on the basis of the sample findings.
There are two types of statistical hypothesis: (i) Null hypothesis and (ii) Alternative
hypothesis. In hypothesis testing, to reach decisions we must start with a hypothesis,
called null hypothesis which is symbolized H 0. The null hypothesis asserts that there
exists no (significant) difference between the sample statistic and the population
parameter and whatever observed difference is there is merely due to fluctuations of
sampling from the same population. In the words of R. A. Fisher, “Null hypothesis is
the hypothesis which is tested for possible rejection under the assumption that it is
true.” The null hypothesis that makes a claim regarding the specific value of the
parameter is generally expressed by any one of the following mathematical
statements
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8.4 BINOMIAL (AND BERNOULLI) DISTRIBUTION
An alternative hypothesis, generally denoted by H 1, is the opposite of the null
hypothesis. Thus any hypothesis which is complementary to the null hypothesis is
called an alternative hypothesis. It is obvious that both null and alternative hypotheses
cannot be true simultaneously at the same time. In other words, when null hypothesis
is found to be true, the alternative hypothesis is to be rejected or when null hypothesis
is rejected, the alternative hypothesis must be true. For example, if we are interested
in studying the hypothesis that the population has a specified mean, μ0 (say), then we
have the null hypothesis H0 : μ = μ0 and against this null hypothesis we may have any
one of the following alternative hypotheses (depending upon the situation) given by,

The alternative hypothesis given by (i) is called two-tailed alternative and the
alternatives given by (ii) and (iii) are called right-tailed and left-tailed alternatives
respectively. Accordingly, the nature of the alternative hypothesis enables us to
decide whether we have to use a one-tailed (right or left) or two-tailed test.
Simple and Composite hypothesis: If the hypothesis completely specifies the
population, then it is called simple hypothesis, otherwise it is called composite
hypothesis. For example, from a normal population
the hypothesis of the form

are composite since each of these does not completely specify the value of the
parameter.
13.4 ERRORS IN HYPOTHESIS TESTING, LEVEL OF SIGNIFICANCE
AND CRITICAL REGION
In hypothesis testing, the null hypothesis H0 should be accepted if it happens to be
true and the null hypothesis H0 should be rejected if it happens to be false.
However, in practical situations, the correct decision is not always possible while
testing a null hypothesis.
3

Since the decision to reject or accept a null hypothesis depends only on sample data
therefore a decision maker may commit two types of errors (i.e., take wrong
decisions) which are diagrammatically shown in Fig.13.1.

Type I error is committed if we reject a null hypothesis when it is true. The possibility
of committing Type I error is denoted by the symbol.
Thus, (Type I error)= (Reject H0 when H0 is true)
On the other hand, Type II error is committed if we accept a null hypothesis when it
is false. The possibility of committing Type II error is denoted by the symbol β.
Thus we have (Type II error)=(Accept H0 when H0 is false)
where and are also known as the sizes of Type I and Type II error respectively.
For example, a business firm, before introducing a new product, has to choose one of
the two decisions- to introduce or not to introduce the product. Again if the product is
introduced then the firm may face two situations- the failure of the product and the
success of the product. The firm thus runs the risk of taking wrong decisions in two
ways. The one risk of taking wrong decision known as Type II error, is that the firm
does not introduce the product though it would have succeeded had it been
introduced. The another risk of taking wrong decision known as Type I error is that
the firm introduces the product but it failed.
In the terminology of Statistical Quality Control, Type I error is known as producer’s
risk while Type II error is known as consumer’s risk. In practice, it is not possible to
make error free judgment in Statistics. Although both the errors should be very small
yet it is not possible to minimize both these errors simultaneously at the same time on
the same hypothesis test. Generally there exists an inverse relationship between and
as a result of which an attempt to reduce type I error () leads to an increase in Type II
error () and vice-versa.
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Since in most of decision making problems, it is more risky to accept a wrong
hypothesis than to reject a correct one, i.e., consequences of Type II error are likely to
be more serious than the consequences of Type I error therefore a compromise is
made by minimizing the more serious error (i.e., β) after keeping fixed the less
serious error (i.e.,).
In testing of hypothesis, the Level of significance is defined in terms of the
probability of rejecting a null hypothesis when it is true. The level of significance is
also known as the size of the critical region or the rejection region and generally
denoted by α. It is to be noted that the level of significance should be determined
before a test procedure so that obtained result is free from the influence of the
decision maker. In practice, generally adopted level of significance by researchers is:
1% (=0.01), 5% (=0.05) and 10% (=0.10). If a researcher use 5% level of
significance, it would mean that in 5 samples out of 100 he is likely to reject a correct
null hypothesis H0. In other words the researcher is 95% confident that his decision to
reject H0 is correct. Thus higher the significance level adopted for testing a
hypothesis, the higher the chance of rejecting a true null hypothesis.
In hypothesis testing, the area under the sampling distribution curve of the test
statistic is divided into two mutually exclusive regions termed as acceptance region
and rejection or critical region. The acceptance region is a range of values of the
sample statistic that lead us to the acceptance of null hypothesis H 0 while critical
region is the range of sample statistic values within which if values of the sample
statistic falls lead to the rejection of null hypothesis H0. In Fig. 8.2 if the calculated
value of the sample statistic falls in the acceptance region, the null hypothesis is
accepted otherwise it is rejected. For making a decision whether to accept or reject a
null hypothesis, a researcher has to determine the critical value that separates the
regions of acceptance and rejection. The determination of critical value depends on
the size of the rejection region, which is directly associated with the risk involved in
decision making.
11.5 ONE TAILED AND TWO TAILED TESTS
In any test, there are two types of tests of hypothesis. They are: (i) One-tailed tests
and (ii) Two-tailed tests. Whether to use a one-tailed test or two tailed test depends
entirely on the formulation of the alternative hypothesis. If the alternative hypothesis
is one-tailed then the test to be applied is one-tailed and if the alternative hypothesis
is two-tailed then the corresponding test is two-tailed. In case of two-tailed test, the
critical or significant values of the test statistic lie towards both the tails of the graph
of the sampling distribution of the statistic. Figure 13.2 relates to standard normal test
statistic The figure reveals that critical values of the standard normal test statistic Z.
lies on both sides of the mean i.e., in both the tails of the distribution. The shaded
region under the normal curve is the rejection region (or critical region) at 5% level of
significance, the region being 5% of the total area. In other words, the total area under
the normal curve being unity, the size of the rejection region is 0.05.
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Again sometimes we may encounter certain situations where alternative hypothesis
states that either one process is better than the other or one process is worse than the
other. But in two-tailed test the alternative hypothesis 1 H states that both may occur
i.e., one process may be better or worse than the other. Figure 13.3 and Figure 13.4
below exhibits the critical values and critical regions of the standard normal test
statistic for right-tailed test and left-tailed test respectively for 5% level of
significance.
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Now, we present below a summary of certain critical values of test statistic Z (i.e.,
standard normal test statistic) for both one-tailed and two-tailed tests at some
commonly used level of significance. These critical values of Z for different levels of
significance have been obtained by using the table of area under normal curve.
Table 8.1

Note: (i) The notation Zα stands for the critical value of Z at α level of significance.
(ii) Critical or significant values are also known as tabulated values.
(iii) If the size of the sample is small (usually less than 30) then the normality
assumption of the sampling distribution of the test statistic is not valid and
hence we cannot use the significant values given in the above table. In such
situation we use the significant values based on the exact sampling
distribution of Z, which turns out to be t, F or X2 (see units 14 and 15)
11.6 GENERAL PROCEDURE FOR HYPOTHESIS TESTING
Hypothesis testing is a well-defined systematic procedure that involves five different
steps as given below:
1.
The first step is to set up the null hypothesis H0.
2.
Set up the alternative hypothesis H1. The nature of alternative hypothesis H 1
helps us to choose whether to be adopted one-tailed or two-tailed test.
3.
To choose an appropriate level of significance. Commonly used levels of
significance are: 0.01, 0.05 and 0.10.
4.
After setting up the null and alternative hypotheses, the researcher needs to
select an appropriate statistical test that will be used for analyzing statistical data.
Type, number and the level of data may provide a platform in the selection of the
statistical test. Apart from these, the statistics used in the study (mean, proportion
and variance etc.) must also be considered when a researcher selects an appropriate
test, which can be used for testing of hypothesis to obtain the best results. Some of
the widely used testing procedures are: z, t, F and X2.
5.
The final step in any hypothesis testing is to draw a statistical decision, which
involves either to accept or to reject a null hypothesis. This depends on whether the
calculated value of the test statistic falls in the acceptance region or in the rejection
region at a given level of significance. In other words, if the computed value of Z (in
modulus value) is less than the critical value Zα then we say that it is not significant
and null hypothesis may be accepted. On the other hand, if the computed value of Z
(in modulus value) is greater than the critical value Zα then we say that it is
significant and null hypothesis is rejected at the level of significance α.
7

Therefore various steps to be followed in testing of a statistical hypothesis can be
summarized as shown in Figure 13.5

Figure 13.5: Steps in Hypothesis testing
Power of Test: Another way to evaluate the goodness of a statistical test is the
complement of type II error, known as power of a test, which is defined as:
Power of a test

= P (rejecting H0 when it is false)
= P (rejecting H0 when H1 is true)
= 1- P (accepting H0 when H1 is true)
= 1- P (type II error)
= 1- β
Where β is the probability of type II error. Among a class of tests, the best is the one
which has the maximum power for the same size.
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11.7 TESTING OF HYPOTHESIS IN CASE OF LARGE SAMPLES
Here we shall develop the tests of significance in case of large samples. In practice, a
sample is to be considered as large if the sample size is greater than or equal to 30
i.e., Now since the assumptions made in case of large samples are not valid for small
samples therefore the tests of significance used to deal with problems relating to large
sample are different from the ones used for small samples.
The following are the assumptions made in testing of hypothesis relating to large
samples
i. The population from which the sample is drawn is normally distributed.
Consequently the sampling distribution of the sample statistic is also normal.
ii. Since sample size is large, due to central limit theorem, the value given by any
random sample can be used in place of population value for calculating the
standard error of the estimate.
11.7.1 HYPOTHESIS TESTING FOR SINGLE POPULATION MEAN
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For the comparison of the calculated value of Z with the critical value at the given
level of significance, Table 8.1 is used and on the basis of the comparison decision to
accept or reject the null hypothesis is taken as per the procedure discussed in 8.6.
We will now discuss the following examples.
Example 13.1 A business firm conducted a sample survey 15 years ago and claimed
that the average household income of a particular geographic region is Rs. 10,000.
Mr. Baruah, recently appointed as vice president in the firm has expressed doubts
about the accuracy of the data. In order to verify the claim, a random sample of 200
households is tested. It is found that the mean household income is Rs. 11,000.
Assume that the population standard deviation of the household income is Rs. 1200.
Can we support the claim at 0.05 level of significance?

Again the critical value of Z at 5% level of significance for two-tailed test =1.96 Since
the calculated value is Z greater than the critical value of Z , therefore the statistical
decision is to reject the null hypothesis and conclude that the claim is not valid. Mr.
Baruah’s doubt about average household income was right.
Example 13.2: A company conducted a survey in the past to its consumers which
reveals that the average household income is Rs. 20,000 in a particular region. Due to
the rapid growth of development the company thinks that the average income may
have changed. To verify this, a random sample of 50 households is selected and found
that sample mean is Rs. 30,000 with a standard deviation of Rs. 15,000. Use 5% level
of significance to verify the finding.
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Since the sample size is large , therefore the Z test can be applied to test hypothesis.
Under the null hypothesis, the test statistic is given by

(since the population S.D. σ is unknown, therefore it can be replaced by the sample
S.D.)
Therefore the calculated value of Z is 4.714
Again the critical value of Z at 5% level of significance for two-tailed test =1.96.
Since the calculated value Z is greater than the critical value of Z therefore the
statistical decision is to reject the null hypothesis and conclude that average
household income is significantly different from Rs. 20,000.
Example 13.3: The mean life of a sample of 80 fluorescent electric bulbs produced
by a company is found to be 2000 hours with a standard deviation of 400 hours. Test
the hypothesis that the mean life time of the bulbs produced in general is higher than
the mean life of 1900 hours at α = 01.0 level of significance.
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Since the calculated value Z is less than the critical value of Z , therefore the statistical
decision is to accept the null hypothesis. Hence we conclude that mean life of bulbs
produced by the company is not more than 1900 hours.
11.7.2 HYPOTHESIS TESTING FOR SINGLE POPULATION PROPORTION
There are many areas where information that is highly dynamic in nature is generally
expressed in terms of proportions or percentage such as, we often find that the market
share of a company is 40% or 25% of the customers have switched from one brand to
another brand or 10% of the items are defective. Quality defects, consumer
preferences, market share etc. are some of the common areas where researchers may
be interested to check the hypothesis whether such proportions have changed. For this
a random sample of size n is selected from a large population possessing a particular
attribute of interest (also termed as success) then
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To compare the calculated value of Z with the critical value at the given level of
significance for the statistical decision, we use the Table 8.1.
Example 13.4: The production manager of a company that manufactures electric
heaters claims that at least 10% of the heaters are defective. In order to test his
believe, he takes a random sample of 100 heaters and finds that 12 heaters are
defective. Use 5% level of significance to test the hypothesis.

⸫ The calculated value of
13

The critical value of Z for two-tailed test at 5% level of significance=1.96 Since the
calculated value is less than the critical value (0.67<1.96) therefore the statistical
decision leads to acceptance of null hypothesis and conclude that the production
manager’s claim that at least 10% of the products are defective is valid.
Consequently, the manufacturer can plan a strategy considering the fact that 10% of
the products may be defective.
Example 13.5: A manufacturer of LCD TV claims that it is becoming quite popular
in Guwahati, and that about 5% homes are having LCD TV. However, a dealer of
conventional TVs claims that the percentage of homes with LCD TV is less than 5%.
A sample of 500 household is surveyed, and it is found that only 18 households have
LCD TV. Test at 1% level of significance whether the claim of the company is
tenable.

Therefore the calculated value of |Z| = 0.515
The critical value of Z for one-tailed test at 1% level of significance = 2.33 Since the
calculated value is less than the critical value (0.515 < 2.33) therefore the statistical
decision leads to the acceptance of null hypothesis and conclude that the
manufacturer’s claim that about 5% homes in Guwahati are having LCD TV is valid.
14

Example 13.6: The manager of a workshop claimed that at least 95% of the
equipments which he supplied to a factory conformed to specifications. To verify his
claim a sample of 200 pieces of equipments was selected and revealed that 18 were
faulty. Test his claim at a significance level of 0.05.

15

for left-tailed test. Since – 645.16.2 < -, the null hypothesis is to be rejected and thus
both types of comparison lead us to the same decision.
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the null hypothesis can be rejected. The decision rule for accepting or rejecting a null
hypothesis based on the value as discussed below:
Reject the null hypothesis H0 when the value is < α, otherwise, accept the null
hypothesis
For example, suppose a researcher conducting a hypothesis test with rejection region
on the right tail of the distribution obtains an observed test statistic value of 2.12.
From the normal table, the corresponding probability area for z value 2.12 is 0.4830.
Therefore, the probability of getting a value greater than or equal to 2.12 is 5.00000.4830=0.017 (as shown in the following figure)

The procedure of calculating the value for a two-tailed test is slightly different. In a
two-tailed test, the rejection region falls in both the tails of the normal distribution.
For example, at =0.05, the rejection region is located in both the tail areas of the
distribution in terms of 0.025% (0.025 +0.025=0.05) area in both the tails of the
distribution. The researcher compares this value to the computed value for accepting
or rejecting the null hypothesis.
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For this comparison, instead of splitting the value, we double the value and then
compare that value with the value. In the above mentioned example, the researcher
conducted a hypothesis test with rejection region on both the tails of the distribution
and obtained the observed test statistic as 2.12 and corresponding value as 0.017. So,
instead of splitting value in two parts, the researcher should double the value, i.e.,
(0.017×2=0.034). So, for a two-tailed test, this value (0.034) is compared with the
values 0.05 and 0.01. Hence, at α =0.05 and α =0.01 the null hypothesis will be
rejected but at α =0.01 the null hypothesis will be accepted (0.01< 0.034).
Example 13.7: A marketing research firm conducted a survey 10 years ago and
observed that the average household income of a particular geographic region is Rs.
10,000. Mr. Gupta, who has recently joined the firm as a vice president has expressed
doubts about the accuracy α Hp0 =: 01.0 μ =10,000 of random the data. For verifying
the data, the firm has sample of 200 households that yield a decided to take a sample
mean (for household income) of Rs. 10,200. Assume that the population standard of
the household income is Rs. 1200. Use the value approach to verify Mr. Gupta’s
doubts. (Use as the level of significance.)
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Fig. 13.6 Probability of p (z≥2.36)
For a two-tailed test, the obtained area value 0.0091 is to be multiplied by 2 and thus
producing the value 0.0091×2=0.0182. Now since, therefore we may accept the null
hypothesis.
11.7.3 HYPOTHESIS TESTING FOR DIFFERENCE BETWEEN TWO
POPULATIONS MEANS
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Example 13.8: An investigation of the relative merits of two kinds of flashlight
batteries showed that a random sample of 100 batteries of brand A lasted on the
average for 35.5 hours with a standard deviation of 1.8 hours, while a random sample
of 80 batteries of brand B lasted on the average 36.8 hours with a standard deviation
of 1.5 hours. Do the two brands differ significantly in quality? Use α = 0.05
Solution: Let and denote the means of two populations.
Let us set up the null hypothesis that the two brands do not differ significantly in
quality, i.e., and an alternative hypothesis H1: μ ≠ μ 2 Since the sample size is large (≥
30), therefore the Z test can be applied to test hypothesis.
Under the null hypothesis, the test statistic is given by

20

Example 13.9: The means of two large samples of size 1000 and 2000 are found to
be 67.5 and 68.0 respectively. Test the equality of the two populations each with S.D.
2.5.

.
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11.7.4 HYPOTHESIS TESTING FOR DIFFERENCE BETWEEN TWO
POPULATION PROPORTIONS
At times, we come across certain situations where we are interested to study whether
or not there exist significant differences between the proportions of two groups of,
say, consumer in respect of a certain activity. Let p1 and p2 be the proportions of a
certain attribute in two large random samples of sizes n 1and n 2drawn from two
populations having proportions P1 and P2. On the basis of the samples, we want to test
whether the two population proportions are equal or if there exist any significant
difference between the population proportions. Thus we will have null and alternative
hypotheses as:

Note: (i) If P1 and P2 remains unknown, then they can be estimated by the
corresponding sample proportions p1 and p2.
(ii) Sometimes, population proportion can be estimated by pooling the two sample
proportions p 1and p 2into a single proportion p as given

Example 13.10: In two populated states there are 30% and 25% respectively of fair
haired people. Is this difference likely to be hidden in samples of 1200 and 900
respectively from the two populations?

22

The critical value of Z at 5% level for two tailed test=1.96
Since the calculated value of Z > the critical value of Z , We reject the null hypothesis
and hence, conclude that the difference in population proportions is not likely to be
hidden in these samples.
Example 13.11: A Company has the head office at Calcutta and a branch at
Guwahati. The personnel director wanted to assess if the workers at the two places
would like the introduction of a new plan of work to enhance the quality of services
and a survey was conducted for the purpose. Out of a sample of 500 workers at
Calcutta 62% favoured the new plan. At Guwahati out of a sample of 400 workers
41% were against the new plan. Is there a significant difference between the two
groups in their in their attitude towards the new

23

The critical value of Z at 5% level for two tailed test=1.96
Since the calculated value of Z < the critical value of, We may accept the null
hypothesis and hence, conclude that there is no significant difference between the two
groups in their attitude towards the new plan.
11.8 TESTING OF HYPOTHESIS IN CASE OF SMALL SAMPLES
We have already discussed that in case of large samples (i.e. n ≥ 30,) the sampling
distribution of the statistic is approximately normal. But in many decision making
situations, due to time, money and other constraints, sometimes a researcher may
have to take small sample of size less than 30 (i.e. n<30,). In case of small samples
also, the researcher can apply standard normal test for a specified population mean or
equality of two population means provided the sample is drawn from a normal
population where S.D. σ is known. But if remains unknown then standard normal test
fails and in all such cases the sampling distribution turns out to be the student’s ‘t’
distribution.
Sir William Gosset of Ireland in early 1900, under his pen name ‘Student’, developed
a method for testing of hypothesis known as ‘t-test’. It is to be noted that the concept
of degrees of freedom is associated with t-test. The graph of the ‘t’ distribution
approaches the normal curve as the degrees of freedom increase.

24

11.8.1 CHARACTERISTICS OF t-DISTRIBUTION
The characteristics of t distribution are given below:
(1) It is an exact distribution.
(2) The distribution is unimodal with
Mean=Median=Mode=0
(3) The t-distribution is less peaked than normal distribution at the centre and
higher at both the ends.
(4) The shape of the -distribution depends on depends on the sample size. As
increases, it approaches the normal distribution.
(5) The limits of is .
(6) The critical values of at level of significance vary with the degrees of
freedom.
11.8.2 APPLICATIONS OF -DISTRIBUTION
The distribution has a number of applications in Statistics some of which are given
below
i. It is used to test the significance of single mean, population standard deviation
being unknown.
ii. It is used to test the significant difference between two population means
under the assumption that population standard deviations being equal but
unknown.
iii. It is used to test the significance of an observed sample correlation coefficient.
25

Assumptions for Student’s -test: The following assumptions are made in Student’s
t-test:
i. The parent population from which the sample is drawn is normal.
ii. The drawn sample is random.
iii. The population standard deviation σ remains unknown.
11.8.3 HYPOTHESIS TESTING FOR SINGLE POPULATION MEAN
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Example 13.12: Royal Tyres has launched a new brand of tyres for tractors and
claims that under normal circumstances the average life of the Tyres is 40,000 km. A
retailer wants to test this claim and has taken a random sample of 8 Tyres that yields
mean of 39,750 with a standard deviation of 2618.61. He tests the life of the Tyres
under normal circumstance. (Use α = 05.0)
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Example 13.13: The mean price of shares of a company during the year 1992 was
Rs. 85. In 1993, the mean price of shares of 20 randomly selected days is found to be
Rs. 75 with a standard deviation of Rs. 10. Is there a significant difference in the
prices of shares for the two years?

28

Example 13.14: A fertilizer mixing machine is set to give 12 kg. of nitrate for every
100 kg. of fertilizer. Ten bags of 100 kg. each are examined. The percentage of nitrate
so obtained is: 11, 14, 13, 12, 13, 12, 13, 14,11 and 12. Is there reason to believe that
the machine is defective? (Use α=0. 05)
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11.8.4 HYPOTHESIS TESTING FOR DIFFERENCE BETWEEN TWO
POPULATIONS MEANS
In case of two populations, our concern is to test if two independent samples have
been drawn from two normal populations having the same means, the population
standard deviations being equal. Let

Deviation σ1. And σ2

30

The decision to reject or accept the null hypothesis is similar to that used in onesample tests.
Example 13.15: The IQs (intelligence quotients) of 16 students from one area of a
city showed a mean of 107 with a standard deviation of 10, while the IQs of 14
students from another area of the city showed a mean of 112 with a standard
deviation of 8. Is there a significant difference between the IQs of the two groups at
5% level of significance?
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Example 13.16: In a test given to two groups of students, the marks obtained are as
given below:
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Example 13.17: Two salesmen, A and B, are employed by a company. To study if
there is any significant difference between the average sales of the two salesmen, the
HRD manager of the company conducted a survey yielding the following
information:

33

.
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11.8.5 PAIRED t–TEST
POPULATIONS MEANS

FOR

DIFFERENCE

BETWEEN

TWO

In the test used for difference of means, the two samples were independent of each
other whereas in case of paired test we have

correspond to the 1st, 2nd,.........,nth unit respectively.
For example, the management of a company plagued by poor productivity realizes the
need to provide technical training to employees. It hires a researcher to measure the
productivity levels of a sample of 25 employees. The productivity levels are
measured again after a one-month technical training programme. In this kind of preand post-training study, which are selected before and after the study cannot be
treated as independent because each observation in sample 1 is related to the
observation in sample 2. The productivity scores obtained before training is related to
the scores obtained after training because the two measurements are apply to the same
person.
Now we explain the paired t-test for difference between the means of two related
populations as follows:
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Example 13.18: An electronic company arranged a special training programme for
one segment of its employees. In order to measure the change in the attitude of its
employees after the training, the company has prepared a well-designed questionnaire
consisting of 10 questions on a 1 to 5 rating scale (1 is strongly disagree and 5 is
strongly agree). The company selected a random sample of 10 employees. The scores
are given below:
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11.9 LET US SUM UP
 Hypothesis testing is a well-defined procedure that helps us to decide
objectively whether to accept or reject the hypothesis based on the
information available from the sample. Testing of hypothesis involves five
different steps.
 In case of testing of statistical hypothesis, there are two types of hypothesis
tests namely two-tailed test and one-tailed test. Two-tailed tests contain the
rejection region on both the tails of the sampling distribution of a test statistic.
As different from a two-tailed test, a one-tailed test contains the rejection
region on one tail of the sampling distribution of a test statistic.
 The testing of hypothesis involves two types of errors: Type I error and Type
II error. A Type I error is committed by rejecting a null hypothesis when it is
true. The possibility of committing Type I error is termed as level of
significance and is denoted by α. On the other hand, a type II error is
committed by accepting a null hypothesis when it is false. The likelihood of
committing Type II error is denoted by.
 The test can be applied for dependent samples and the testing procedure is
termed as “paired test or test for related samples.” Under this approach,
observations in 1st sample are related to the observations in 2nd sample.
 Hypothesis can also be performed for single population proportion as well as
for the difference in two population proportions. In case of two random
samples, on the basis of the difference in sample proportions, a researcher can
estimate the difference in population proportions.
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11.10 FURTHER READINGS

11.11 ANSWERS TO CHECK YOUR PROGRESS
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UNIT 12: CHI-SQUARE TEST
UNIT STRUCTURE
12.1 Learning Objectives
12.2 Introduction
12.3 The Chi-Square (2) Distribution
12.4 Applications of 2 Test
12.4.1 2 Test of Goodness of Fit
12.4.2 2 Test for Independence of Attributes
12.4.3 2 Test for a Specified Population Variance
12.4.4 2 Test of Homogeneity
12.5 Let Us Sum Up
12.6 Further Readings
12.7 Answers to Check Your Progress
12.8 Model Questions
12.1 LEARNING OBJECTIVES
After going through this unit, you will able toi. introduce the Chi-square distribution for the comparison of more than two
means or proportions.
ii. use the Chi-square distribution to test whether two classifications of the same
data are independent of each other.
iii. use the Chi-square distribution for testing the hypothesis about a single
population variance.
12.2 INTRODUCTION
In the previous unit we have learnt some statistical tests (using data from either one or
two samples) that are used to test the hypothesis about the population parameters,
with a number of business related examples. These tests are based on the assumption
that the samples are drawn from a normally distributed population or, more
appropriately, that the sample means are normally distributed. Such tests are known
as parametric tests as the testing procedure involves the assumption about the type of
population of parameters. On the other hand, in some cases, the researcher may not be
sure of whether the population distribution is normal. The statistical tests that do not
require prior knowledge about the population are termed as non- parametric tests.
Chi-square test is one of the important non-parametric methods.
A non-parametric method, also known as distribution free test satisfies at least one of
the following criteria:
i. The method does not take into consideration any population parameter.
ii. It is applied only on categorical data that are non-numerical and frequency
counts of categories for one or more variables.
iii. It does not depend on the form of the underlying population distribution, in
particular, the requirement of normality.
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12.3 The Chi-Square (2) Distribution
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i. In a contingency table, an expected frequency of less than 5 in a cell is less
than the frequency required to apply the test. In such cases we apply the
technique of ‘pooling’ which consists in adding the frequencies which are less
than 5 with the preceding or succeeding frequency, so that the resulting sum is
5 or more and adjust for the degrees of freedom accordingly.
ii. The sample should consist of at least 50 observations and should be drawn
randomly from the population.
iii. The data should be expressed in original units, rather than in percentage or
ratio form.
iv. The constraints on the cell frequencies, if any, should be linear such as

12.4 APPLICATION OF 2 TEST
The Chi-square test is not based on assumption of normality and can be used to both large
and small samples. Chi-square distribution is a widely used since it can be employed in
situations in which the normal distribution cannot be applied. Chi-square distribution has
a number of applications, some of which are enumerated as below:
(i) to test goodness of fit,
(ii) to test the independence of attributes,
(iii) to test if the population has a specified value of standard deviation or variance
(iv) to test if two or more populations are homogenous with respect to some
characteristics of interest.
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12.4.1 2 TEST OF GOODNESS OF FIT

2 test enables us to ascertain whether the known probability distributions such as
Binomial, Poisson and Normal distributions fit with an observed sample observation.
Thus 2 test for goodness of fit, a statistical test, provides a platform that can be used
to ascertain whether theoretical probability distributions coincide with empirical
sample distributions. This test compares the theoretical (expected) frequencies with
the observed (actual) frequencies to obtain the deviation between theoretical and
observed frequencies. For the application of χ2 test, first a theoretical distribution is
hypothesized for a given population and then the test is carried out to make sure
whether or not the sample data could come from the population of interest with the
hypothesized theoretical distribution. The steps used for hypothesis testing can also
be performed using the χ2 goodness of fit test.
Steps to conduct χ2 test for goodness of fit: The general steps to conduct a goodness
of fit test for any hypothesized population distribution are summarized as below:
Step 1: Set up the null and alternative hypotheses as
Null hypothesis H0: No difference between the observed and expected sets of
frequencies.
Alternative hypothesis H1: There is a difference.
Step 2: Calculate expected frequencies (E values) in each category by multiplying the
category probability by the sample size.
Step 3: Compute the test statistic

where O is the observed frequency, E the expected frequency.
Step 4: Using a specified level of significance α and provided that the number of
expected frequencies are 5 or more for all categories, determine the critical value of
χ2.
Step 5: Compare the computed value of χ2 with the critical value of χ2 at a specified
level of significance and degrees of freedom. The decision to accept or reject the null
hypothesis is given by
If χ2cal is less than the critical value χ2 α, n-1 then we may accept the null hypothesis,
otherwise we reject the null hypothesis.
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Example 14.1: A company is concerned about the increasing violent altercations
between its employees. The number of violent incidents recorded by the management
during six randomly selected months is given by

Test whether the data fits a uniform distribution. (Use α = 0.05)
Solution: Let us set up null and alternative hypotheses as
Null hypothesis H0: Number of violent altercations are uniformly distributed over the
months.
Alternative hypothesis H1: Number of violent altercations are not uniformly
distributed over the months.
In order to test the null hypothesis, the appropriate test statistic is given by χ2.

Where O is the observed frequency, E the expected frequency.
Now the expected frequencies will be calculated by dividing total observed
frequencies by number of months. Hence, the expected frequency
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Since the calculated value of is less than the critical value , therefore we may accept
the null hypothesis and conclude that the number of violent altercations is uniformly
distributed over the months.
Example 14.2: A brand manager is concerned that her brand’s share may be
unevenly distributed throughout the country. In a survey in which the country was
divided into four geographical regions, a random sampling of 100 consumers in each
region was surveyed, with the following information:

Develop a table of observed and expected frequencies for this problem.
(i) Calculate the sample Chi-square value.
(ii) State the null and alternative hypothesis.
(iii) At α=0.05, test whether brand share is the same across the four regions.
Solution: To calculate the expected frequencies for the corresponding observed
frequencies, we apply the following formula
(Row total × Column total)/Grand total.
The calculations of expected frequencies for the corresponding observed frequencies
are given below:
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Example 14.3: A survey of 800 families with 4 children each revealed the following
distribution:

Test whether the data are consistent with the hypothesis that the binomial law holds
and the chance of a male birth is equal to that of a female birth.
Solution: Here we set up the null hypothesis that the data are consistent with the
binomial law of equal probability for male and female births, i.e., p=q= ½ (where p
denotes the probability of a male birth.)
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Example 14.4: The figures given below are (a) the observed frequencies of a
distribution, and (b) the frequencies of the normal distribution having the same mean,
standard deviation and total frequency as in (a). Apply the χ 2 test of goodness of fit.

Solution: Since we are given the observed frequencies and expected frequencies of
the normal distribution, therefore we apply the χ2 test of goodness of fit.
Now we set up the null hypothesis that normal distribution is a good fit to the given
frequency distribution, i.e., the given observed frequencies and the expected normal
frequencies do not differ significantly.
In order to test the null hypothesis, the appropriate test statistic is given by

where O is the observed frequency, E the expected frequency.
Now to compute the χ2 test we prepare the following table:

Thus χ2 =3.88
∴ The calculated value of is 3.88
The degrees of freedom = 13-5= 8
(The 13 original classes have been reduced to 11 by grouping, thus 2 degrees of
freedom are lost in pooling. In addition, the mean, the standard deviation and total
frequency of the original distribution have been used in calculating the theoretical
frequencies, thus introducing three restraints. The number of degrees of freedom is
accordingly 8.)
The critical value of χ2 at 5% level of significance for 8 degrees of freedom i.e.,
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Since the calculated value of χ2 is much less than the critical value χ2 0.05,8, it is highly
non-significant. Hence, we may accept the null hypothesis and conclude that the
normal distribution is a good fit to the given distribution.

12.4.2 TEST FOR INDEPENDENCE OF ATTRIBUTES
In many business situations, a market researcher might be interested to study the
relationship between two variables or to check whether they are independent of each
other. For example, an edible oil company may be interested in knowing whether the
purchase of oil is independent of the customer’s age or whether it is dependent on the
customer’s age. These are two different situations and consequently the company
needs to frame a production and selling strategy. Similarly following are the
situations where the Chi-square test of independence can be employed to analyse
attributes with multiple categories.
•
•
•

Whether university students classified by gender are independent of courses of
study.
Whether wage-earners classified by education level are independent of
income.
Whether a product produced is acceptable or not is independent of the shifts in
which it was produced.

Thus when observations are classified on the basis of two qualitative variables or
attributes and arranged in a table, the resulting table is known as a contingency table
(Table 9.1). χ2 test of independence uses this contingency table for determining
independence of two qualitative variables.
53

54

Example 14.5: A certain drug is claimed to be effective in curing colds. In an
experiment on 500 persons with cold, half of them were given the drug and half of
them were given sugar pills. The patients’ reactions to the treatment are recorded in
the following table:

On the basis of the data, can it be concluded that there is a significant difference in the
effect of the drug and sugar pills?
Solution: We state the null hypothesis H0 that there is no significant difference in the
effect of the drug and sugar pills. On the basis of this hypothesis expected frequencies
are calculated as:

Now we arrange the observed and expected frequencies in the following table in
order to calculate the χ2 test statistic.

Since the calculated value of the is less than the critical value, therefore we may
accept the null hypothesis. Hence conclude that drug is no better than sugar pills in
curing colds.
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Example 14.6: Two researchers adopted different sampling techniques while
investigating the same group of students to find the number of students falling in
different intelligence levels. The results are as follows:

Would you say that the sampling techniques adopted by the two researchers are
significantly different?

Since the calculated value of χ2 the is less than the critical value, therefore we may
accept the null hypothesis. Hence conclude that the sampling techniques adopted by
the two investigators do not differ significantly.
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12.4.3 χ 2TEST FOR A SPECIFIED POPULATION VARIANCE
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Example 14.7: A battery manufacturer claims that the lives of his batteries have a
standard deviation of 0.9 year. Can we accept manufacture’s claim if the lives of a
random sample of 10 batteries have a standard deviation of 1.2 years? (Use a 5%
level of significance)
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Example 14.8: The weights in kg. of 10 students are given below:
38, 40, 45, 53, 47, 4 3, 55, 48, 52, 49
Can we say that the variance of the distribution of weights of all students from which
the above sample of 10 students was drawn, is equal to 20 square kg.?
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12.4.4 χ2 TEST OF HOMOGENEITY
χ2 test of homogeneity is used to determine whether two or more independent
variables are drawn from the same population or from different populations. In other
words, χ2 test of homogeneity is used to know whether two or more populations are
homogeneous with respect to some characteristics of interest. For example, a
researcher may be interested in knowing whether the employees from three
departments, production, finance, and personnel, feel the same about the requirements
of the top management in terms of hard work expected from employees. The amount
of hard work can also be classified into three groups, namely, very hard, hard, and
easy going. In this situation, we can state a null hypothesis that the opinion of all the
groups is the same about the requirement of hard work. In other words, the null
hypothesis assumes that the three classifications are homogeneous in terms of their
opinion about the amount of hard work required by the top management.
It may be noted that, in both χ2 test of homogeneity and χ2 test of independence, one is
concerned with the cross tabulation of the data and hypotheses testing procedure is
also same. The differences that exist between the χ2 test of homogeneity and χ2 test of
independence are: (i) In χ2 test of independence, a researcher is interested in testing
whether two attributes are independent. On the other hand in, χ2 in test of
homogeneity, a researcher investigates whether two or more populations are
homogenous with respect to some characteristic of interest. (ii) in χ2 test of
homogeneity, two or more independent samples are drawn from each population
whereas in case of χ2 test of independence, a single sample is drawn from a
population.
Example 14.9: A television company has launched a new product with some
advanced features. The company wants to know the opinion of consumers about this
product with respect to four characteristics: preferred brand with new features did not
prefer brand with new features, preferred only a few new features, and indifferent.
The company has divided consumers into three groups—executives/ officers;
businessmen, and private consultants. It has taken a random sample of size 459 and
obtained the following results:
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Solution: Let us set up null and alternative hypotheses as
Null hypothesis H0: Opinion of all the groups is the same about the product with new
features.
And alternative hypothesis H1: Opinion of all the groups is not the same about the product
with new features.
In order to test the null hypothesis, the appropriate test statistic is given by

where O is the observed frequency, E the expected frequency.
To calculate the expected frequencies for the corresponding observed frequencies, we
apply the following formula
(Row total × Column total) /Grand total.
Now for the calculation of the expected frequencies against the corresponding
observed frequencies and to compute the test statistic we prepare the following table:

Since the calculated value of the χ2 is greater than the critical value, therefore we
reject the null hypothesis and conclude that the opinion of all the groups is not the
same about the product with new features. Hence, the company has to consider
different groups and their needs separately.
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Precautions about using the Chi-square test: In order to apply Chi-square
hypothesis test properly, one has to be extremely careful and keep in mind certain
precautions. First, a sample should be large enough. If the expected frequencies are
too small, the value of Chi- square gets over estimated. This will result in the
rejection of the null hypothesis in several situations. To overcome this problem, we
must ensure that the expected frequency in any cell of the contingency table should
not be less than 5. In case the expected frequency less than 5 in more than one cell,
we can combine these to obtain the expected frequency of at least 5. Another point to
note is that the calculations must be made with actual numbers in each cell and not
with proportions or percentages. If the proportions or percentages were used, then the
theoretical distribution would not be applicable.
When the calculated value of Chi-square turns out to be more than the critical value at
a specified level of significance, we reject our null hypothesis. On the other hand,
when Chi-square value is less than the critical value, we may accept our null
hypothesis. However, when the Chi-square value turns out to be zero, we have to be
extremely careful to confirm that there is no difference between the observed and the
expected frequencies. Such a situation may sometimes arise on account of a faulty
manner used in the data collection.
In most of the cases, the problems of Chi-square involve simple calculations.
However, for large sets of data the Chi-square test involves very comprehensive
calculations. In all such situations, computer should be used. Several computer
Statistics packages contain routines for carrying out Chi-square tests.

12.5 LET US SUM UP
●

Statistical tests that do not require any prior information about the population
are termed as non-parametric tests. This unit focuses on only χ2 (Chi-square)
distribution and the related χ2 test. χ2 distribution is the family of curves with
each distribution being defined by the degree of freedom associated to it.

●

χ2 test can be used for a variety of purposes. χ2 test provides a platform that
can be used to ascertain whether the theoretical probability distribution
coincides with the empirical sample distribution. This is commonly known as
χ2 goodness of fit test. It can also be used to test the independence of
independence of two variables.

●

χ2 test of independence makes use of the contingency table to determine the
independence of two variables. This test can also be used for estimating the
population variance. Again the test of homogeneity is applied to determine
whether two or more populations are homogeneous with respect to some
characteristics of interest.
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12.7 ANSWERS TO CHECK YOUR PROGRESS
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12.8 MODEL QUESTIONS
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UNIT 13: BUSINESS FORECASTING
UNIT STRUCTURE
13.1 Learning Objectives
13.2 Introduction
13.3 Prediction, Projection and Forecasting
13.4 Steps in Business Forecasting
13.5 Methods of Business Forecasting
13.5.1 Qualitative Forecasting Methods
13.5.2 Quantitative Forecasting Methods
13.6 Theories of Business Forecasting
13.7 Utility of Business Forecasting
13.8 Reliability of Business Forecasting
13.9 Let Us Sum Up
13.10 Further Readings
13.11 Answer To Check Your Progress
13.12 Model Questions
13.1 LEARNING OBJECTIVES
After going through this unit you will be able to
● Understand the pattern of the historical data and then extrapolate the pattern
into the future.
● understand the utility as well as various methods of forecasting
● gain a general understanding of time-series forecasting techniques.
13.2 INTRODUCTION
In today’s highly dynamic business environment, managers have to forecast the future
and design strategies accordingly. The success of business depends mainly on future
planning based on past and present experiences. The experiences may be based on
quantitative and/or qualitative factors. Both these types of information help managers
in business forecasting. Managers use forecasting (the art or science of predicting the
future) techniques to make strategic decisions about selling, buying, hiring, etc. every
day. The past data are used by managers to make predictions about the future. For
example, let us assume that a company wants to order raw material in advance for its
production processes in the current year.
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The demand for the finished product is uncertain in the current year. In this situation,
the company can take the help of forecasting techniques (with the help of past data) to
order inventory for the current year.
Forecasting is essential in order to make reliable and accurate estimates of what will
happen in the future in the face of uncertainty. A flow chart of forecasts and the
decision-making process is shown below. In general, decisions are influenced by the
chosen strategy with regard to an organization’s future priorities and activities. Once
decisions are taken, the consequences are measured in terms of expectation to achieve
the desired products/services levels.

Decisions are also get influenced by the additional information obtained by using the
forecasting method. Such information and the perceived accuracy of the forecasts
may also affect the strategy formulation of an organization. Thus an organization
needs to establish a monitoring system to compare planned performance with the
actual. Divergence, if any, and no matter what the cause of such divergence between
the planned and actual performance, should be fed back into the forecasting process,
to generate new forecasts.
Some of the objectives of forecasting are as follows:
i. The creation of plans of action, because it is not possible to evolve a system of
business control without an acceptable system of forecasting.
ii. Monitoring of the continuing progress of action plans base on forecasts.
iii. The forecast provides a warning system of the critical factors to be monitored
regularly because they might drastically affect the performance of the plan.
Distinction among prediction, projection and forecasting: Prediction is a future
estimate based on extrapolation. Hence, prediction is solely based on past data of the
series under investigation. A projection is a prediction where an extrapolated value is
subject to certain assumptions. For example, projections of number of births, deaths,
etc. involve assumptions about changes in birth rate, death etc.
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A forecast is an estimate for some future point of time, partly based on past and
present data and partly on subjective estimates arising out of the experience and
judgment of the forecaster. Thus, forecasting involves using all our knowledge, from
whatever source, about the situation.
13.4 STEPS IN BUSINESS FORECASTING
The following are the steps involved in business forecasting:
1. To know the causes of changes in the past: While attempting to forecast
business fluctuations a clear understanding about the causes responsible for
past changes is a must.
2. To measure the phases of business activity: Having known the causes of
occurrences of fluctuations, certain phases of business activity needs to be
computed so as to forecast the changes which are supposed to occur after the
current level of activity.
3. Selection and compilation of data: The business barometers form the basis of
statistical data available for measuring the fluctuations in business activity.
One must have proper grasping regarding the fluctuations in business to select
and compile data judiciously.
4. Analysis of data: The data needs to be analyzed in the light of one’s
understanding of the reasons why changes occur. If it is known that certain
factors have resulted in a given change then these factors are to be computed
statistically to draw conclusions about the future. The techniques with the help
of which inferences can be drawn are called forecasting techniques.
13.5 METHODS OF BUSINESS FORECASTING
The methods of forecasting can be classified into two broad categories:
(i) quantitative or objective and
(ii) qualitative or subjective.
These can further be divided into several methods.
An overview of the types of forecasting methods is shown below:
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13.5.1 QUALITATIVE FORECASTING METHODS
These methods consist of collecting the opinions and judgments of individuals who are
expected to have the best knowledge of current activities or future plans of the
organization. An important advantage of qualitative methods is that they are easily
understood. Another advantage is that they can incorporate subjective experience as
inputs along with objectives data. Again the cost involved in forecasting is quite low.
As against these advantages, these methods have some limitations also. One serious
limitation is the varying perceptions of people involved in forecasting. As a result,
intuitive forecasts are likely to differ from one individual to another and wide variance
is found in forecasts. In fact these methods are suitable when forecasts are to be made
for highly technical products which have a limited number of customers. A number of
approaches fall under qualitative methods which are given below:
Personal opinion: Here an individual does some forecast which can be relatively
reliable and accurate, of the future on the basis of his or her personal judgment without
using a formal quantitative model. This approach is usually recommended when
conditions in the past are not likely to hold in the future.
Panel Consensus: To reduce the prejudices and ignorance that may arise in the
individual judgment, it is possible to develop consensus among group of individuals.
Such a panel of individuals is encouraged to share information, opinions, and
assumptions (if any) to predict future value of some variable under study.
Delphi Method: This method is very similar to the Panel Consensus method. In the
Delphi method, a group of experts who may be stationed at different locations and
who do not interact with each other is constituted. After this, a questionnaire is sent to
each expert to seek his opinion about the matter under investigation. A summary is
prepared on the basis of the returned questionnaire. On the basis of this summary, a
few more questions are to be included in the questionnaire and this modified
questionnaire is again sent back to each expert. This process, which generally keeps
them informed of each others’ forecasts, is repeated until the desirable consensus is
reached.
Market Research: The marketing research method is introduced in order to collect
data and accordingly a well-designed questionnaire is prepared and distributed among
respondents. On the basis of the response obtained, a summary is prepared and the
survey result is developed.
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Historical Comparison: Once the data are arranged chronologically, the time series
approach facilitates comparison between one time period and the next. It provides a
scientific basis to make comparisons by studying and isolating the effects of various
influencing factors on the patterns of variable values. It also enables in making
regional comparison amongst data collected on the basis of time.
13.5.2 QUANTITATIVE FORECASTING METHODS
These forecasting methods can be used under the following situations:
i. Past information about the variable being forecast is available.
ii. Available information can be expressed numerically
iii. A reasonable assumption is that the pattern of the past will continue into the
future.
The quantitative methods of forecasting are further classified into two broad
categories, namely:
(1) Causal or Explanatory Methods and (2) Time Series forecasting
Now, we first focus on Causal or Explanatory methods:
(1) Causal or Explanatory methods: Causal methods are based on the cause and
effect relationship between the two or more variables under study and regarded as the
most sophisticated methods of forecasting. These methods produce realistic forecasts
provided relevant data are available on the major variables influencing changes in
sales. Some major advantages of this method are: (i) turning points in sales can be
predicted more accurately by these methods than by time series methods. (ii) The use
of these methods reduces the magnitude of the random component far more than it
may be possible with the time series methods. (iii) The use of these methods provides
greater insight into causal relationship.
The two causal methods, regression analysis and correlation analysis, have already
been discussed in the Unit 10. Other causal methods are discussed below:
Leading Indicators: Sometimes one finds that changes in sales of a particular
product or service are preceded by changes in one or more leading indicators. In such
cases, it is necessary to identify leading indicators and to closely observe changes in
them. For example, the demand for various household appliances is an example of a
leading indicator which follows the construction of new houses. Likewise, the
demand for many durables is preceded by an increase in disposable income.
Similarly, number of births is another example of this approach. The demand for baby
food and other goods for infants can be ascertained by the number of births in a
territory. It may be possible to include leading indicators in regression models.
Regression Analysis: The regression approach is the most widely used and the most
powerful method, amongst causal methods, to the solution of the forecasting problem.
If there exists a functional relationship between two variables, then the knowledge of
one variable leads to obtain an estimate of the other. For example, if we can formulate
the functional relationship between advertising expenditure and sales of a company,
then for a given advertising expenditure, we can forecast the probable increase in
sales or vice versa. A regression model reflects the association among variables.
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The causal interpretation is done by the analyst on the basis of his understanding of
such an association. As such, he should be extremely careful in selecting the variables
so that a real causative relationship can be formulated among the variables selected.
Regression analysis involving two variables, one dependent and the other
independent, is termed as simple regression. On the other hand, if there exists a
functional relationship between the variable to be forecast and more than one
independent variables then we have multiple regression. Statistical techniques that are
used to fit the regression equations involve complex computations and hence are time
consuming. But now-a-days many statistical packages are available with the help of
which both simple and multiple regression equations can be quickly estimated.
Input-output Analysis: Here, the analyst takes into consideration a large number of
factors, which affect the outputs he is trying to forecast. For this purpose, input-output
table is prepared where the inputs are shown horizontally as the column headings and
the outputs vertically as the stubs. It may be mentioned that by themselves inputoutput flows are of little direct use to the analyst. It is the application of an
assumption as to how the output of an industry is related to its use of various inputs
that makes an input-output analysis a good method of forecasting. The assumption
states that as the level of an industry’s output changes, the use of inputs will change
proportionately, implying that there is no substitution in production among the
various inputs. This may or may not hold good.
The use of input-output analysis in sales forecasting is appropriate for products sold
to governmental, institutional and industrial markets as they have distinct patterns of
usage. It is seldom used for consumer products and services. It would be most
appropriate when the levels and kinds of inputs required to achieve certain levels of
outputs need to be known.
A major limitation is that it needs extensive data for a large number of items which
may not be easily available. Large business organizations may be in a position to
collect such data on a continuing basis so that they can use input-output analysis for
forecasting. However, this is not possible in case of small industrial organizations on
account of excessive costs involved in the collection of comprehensive data.
Econometric Models: The term econometrics deals with the application of
mathematical economic theory and statistical techniques to economic data in order to
verify economic theorems and to establish quantitative results in economics.
Econometric models involve a set of simultaneous equations. The values of the
unknown constants in such equations are provided by a study of statistical time series,
and a large number of equations may be necessary to produce an adequate model. It is
to be noted that the development of an econometric demands sufficient data so that
the correct relationships can be developed. Hence, when data are scarce—for
example, when a new product is to be introduced in the market then this method
cannot profitably be employed. Thus these are generally used at the macro level such
as forecasting national income and its components and show how the economy or any
of its specific segments operates. As compared to an ordinary regression equation,
they bring out the causalities involved more distinctly.
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Now we will turn our discussion to Time series forecasting.
Time series forecasting: 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 fail to describe the cause effect
relationship between variables. This limitation of the time series approach can be
overcome by using the causal method. Quantitative methods of time series forecasting
include: free hand method, smoothing method, Exponential smoothing method, trend
projection method, autoregressive model, Box-Jenkins method.
Free hand method: The free hand method is the simplest method of determining
trend. It is obtained by plotting the values ty against timet. Smoothing of the time
series with the freehand curve eliminates the seasonal and irregular components. 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:
i. The trend line should be smooth—a straight line or mix of long gradual
curves.
ii. 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.
iii. The sum of squares of the vertical deviations of the observations from the
trend line should be as less as possible.
iv. The trend line should be drawn in such a way so that the trend line bisects the
same area above and below a cycle.
Smoothing method: The main objective of the smoothing method is to “smooth out”
the random variations due to the irregular fluctuation in the time series data. Various
methods are available to smooth out the random variations due to irregular
fluctuations, so that the resulting series may have a better overall impression of the
pattern of movement in the data over a specified period. We have already discussed
different methods of smoothing namely moving averages method, weighted moving
averages and semi-averages method.
Trend Projection: A trend is the long-run general direction (upward, downward or
constant) of a business climate over a period of several years. It is best represented by
a straight line. The trend projection method fits a trend line to a time series data and
then projects medium-to-long-range forecasts. Several possible trend fits can be
explored (such as exponential and quadratic), depending upon movement of timeseries data. We have already discussed linear, quadratic and exponential trend models
under the unit Time series analysis. We now introduce the other three time series
methods of forecasting which are being increasingly used in recent times. These are
exponential smoothing method, Autoregressive model and Box- Jenkins model.
Exponential smoothing method: Exponential smoothing is another technique used
to “smooth” a time series of its sharp variations. It is a type moving average
forecasting technique which consists of a series of exponentially weighted moving
averages. The exponential smoothing method weigh data from the previous time
period with exponentially decreasing importance in the forecast. relative advantage
over the methods of moving averages.
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First, this method focuses upon the most recent data. Second, during forecasting, this
method takes into account all the observed values because each smoothing value is
based upon the values observed previously. In this way, the values observed most
recently receive the highest weight; the previously observed value receives the second
highest weight and so on. This method is used for forecasting when there is no
apparent trend or seasonal variation in the given values of a variable. However, this
method is useful mostly for short-term forecasting like forecasting of sales, inventory,
price etc.
In exponential smoothing method, forecasting is made up of the actual value for the
present time period multiplied by a value, called the exponential smoothing constant,
between 0 and 1. This exponential constant is denoted by α (not the same α as
interpreted in Type I error in Testing of hypothesis). So, the resulting value is which
is added to the product of the present time period forecast Ft and (α-1).
Mathematically, the formula can be represented by the following functional
relationship

The selection of exponential smoothing constant is a very critical step because it
directly affects the result. The appropriate value of the exponential smoothing
constant, however, can make the difference between an accurate and an inaccurate
forecast. The selection of the exponential smoothing constant should be such that we
can obtain the most accurate forecast. From the formula stated above, we find that
forecast for the next time period is a combination of the actual value for the present
time period and the forecast for the present time period. If a forecaster selects less
than 0.5, less weight is placed on the actual value for the present time period and
greater weight is placed on the forecast for the present time period. If a forecaster
wants to eliminate unwanted cyclical and irregular fluctuations then a small value of
(closer to 0) is to be selected. In this situation, the overall long term tendencies of the
series will be more apparent. If the objective is only forecasting then is assigned a
high value (close to 1) and future short-term directions may be more accurately
predicted.
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The logic of using the word ‘Exponential’ for the smoothing technique is given
below:

Autoregressive model: Another approach to forecasting with annual time series data
involves the fitting of an autoregressive model. Sometimes, the values of a time series
data are highly correlated with the values that proceed and succeed them. In such
situation an autoregressive model is applied for forecasting.
A first-order autocorrelation refers to the magnitude of the association between
consecutive values while a second-order autocorrelation refers to the magnitude of
the relationship between values which are two periods apart.
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It is observed from the above models that the first-order autoregressive model is
similar to the simple linear regression, while the second-order autoregressive model is
similar to the multiple regression having two explanatory variables.
Similarly, we can have the pth order autoregressive model which may be expressed as:

The pth order autoregressive model deals with relationships between values up to periods
apart.
A question may arise on the selection of the most appropriate model which is rather
difficult. We must weigh the advantage of simplicity against the possibility of overlooking
an important autocorrelation behavior that may exist in the data. On the other hand, we
must be equally concerned with choosing a high order model estimation of several
parameters, which may be unnecessary particularly when the total number of observations
in the time series is not large. For example, if we select a second-order model, then there
is a loss of first two observations. Each higher-order will involve a loss of one additional
observation. In view of this, one should be careful in deciding the order of the model.
Box-Jenkins method: Another very difficult approach to forecasting is Box-Jenkins
method. Here first of all, the analyst identifies a tentative model based on nature of the
past data. This tentative model along with the data is entered in the computer. The BoxJenkins programme then gives the values of the parameters included in the model. A
diagnostic check is then performed to determine whether the model produce an adequate
description of the data. If the model satisfies the analyst in this respect, then it is used to
forecast. In case the model is not satisfactory, then the computer points out diagnostic
information, which is then used by the analyst in revising the model. This process is
continued until the analyst obtains an appropriate model, which is used for making
forecasts.
The limitation of the method is that it requires at least 45 observations in the time series.
13.6 THEORIES OF BUSINESS FORECASTING
Several theories have been developed out of researches conducted by individuals or
institutions on business forecasting. Amongst them some of the important theories
are:
(1) Sequence or Time-lag Theory
(2) Action and Reaction Theory
(3) Economic Rhythm Theory
(4) Specific Historical Analogy
(5) Cross-Section analysis.
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(1) Sequence or Time-lag Theory: It is one of the most important theories of
business forecasting. The theory is based upon the conception that most of the
business data have lead and lag relationship. Changes in business are successive and
not simultaneous. There is a time lag between the different movements. For example,
the expenditure on advertisement may not immediately lead to increase in sales.
Similarly, when excise duties are increased by government then they will result in
increase in prices which leads to higher demand for wages.
The reliability of the forecast depends in this case upon the accuracy with which timelag is estimated. While forecasting, due allowance should be provided for the effects
of the current economic conditions and other special factors.
(2) Action and Reaction Theory: This theory is based under two assumptions: (i)
every action has a reaction, (ii) the magnitude of the original action influences the
reaction. For example, when the price of wheat goes up above a certain level at a
particular point of time, there is possibility that after some time, it will go down
below the normal level. Thus, in the light of this theory a certain level of business
activity is normal—sub-normal or abnormal conditions cannot remain fixed for ever
— there is bound to be reaction to them. Thus we can conclude that a business cycle
consists of four phases:
(a) Prosperity (b) Decline (c) Depression and (d) Improvement.
Since the theory regards a certain level of business activity as normal, the normal
level must be very carefully estimated at the time of making forecasts. However, in
practice, it is really difficult to define what constitutes ‘Normality’.
(3) Economic Rhythm Theory: This theory is based on the assumption that “The
History repeats itself”. The exponents of this theory believe that cycles of nearly the
same intensity and duration tend to recur. Thus the available historical data needs to
be analysed into their component parts and different types of fluctuations influencing
them have to be segregated. While projecting a series, its measurable components
namely, secular trend, seasonal variations, and cyclical fluctuations may be projected
independently for a given time period and then combine these projected values into a
single forecast by the process of multiplication. The forecasts based on this method
are applicable only for the individual firm for which the data are analysed.
This theory has some drawbacks. First business cycles are not strictly periodic and as
such statistical extrapolation of cycles is not very satisfactory. Secondly, an error may
be committed by an increase in either amplitude or duration of the cycles. Moreover,
no subjective facts are taken into consideration in this theory.
(4) Specific Historical Analogy: This theory is based on a more realistic assumption,
i.e., that all business cycles are not uniform in amplitude or duration and as such the
use of history is made not by projecting any fancied economic rhythm into the future,
but by selecting some specific previous situation which has many of the earmarks of
the present and concluding that what happened in that previous situation will happen
in the present one also.
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What is done is that a time series relating to the data in question is thoroughly
scrutinized and from it such period is selected in which conditions were similar to
those prevailing at the time of making the forecasts. The course which events took in
the past under similar circumstances is then studied which gives an idea of the likely
course which the phenomenon in question would follow. For example, after World
War II many persons forecast a depression because World War I had been followed
by a depression.
(5) Cross-Section analysis: This theory is based on the knowledge and interpretation
of current forces rather than projection of past trends. According to this theory the
conditions which occurred in the past cannot be a guide for forecasting. Under this
theory, factors like technological advancement, government policies, supply-demand
relationship, quantitative and qualitative changes in a population, availability of input
and businessman’s expectations which are concerned with the present economic
activity are thoroughly analysed and an attempt is made to estimate the composite
effect of all the variables. This method takes into account the views of the managerial
staff, economists, consumers etc. prior to forecasting. Several organizations regularly
conduct surveys in respect of executive opinions concerning future trends of general
business conditions and selected series of business data. This method, however, is
difficult in practice. To analyse each variable separately and to estimate the
composite effect of all the variables for a forecast is an upheaval task.
13.7 UTILITY OF BUSINESS FORECASTING
The objective of business forecasting is to make analysis mainly based on definite
statistical data to enable an executive to take advantage of future conditions to a great
extent. Trade cycle is a characteristic of capitalist economy which is responsible for
bringing depression and prosperity periods in industry, trade, agriculture, etc. Trade
cycles are responsible for creating unemployment, discouraging capital formation,
inducing speculation. Trade cycles increase the risk of business. Business forecasting
reduces the risks associated with business cycles. Business forecasting helps knowing
in advance whether a period of depression or prosperity is expected in near future. If
it is known in advance that depression will occur in near future then precautionary
measures can be taken to minimize the harmful effects of depression. Similarly, the
businessmen can prepare themselves to take the maximum advantage of prosperity if
it is expected beforehand.
A businessman has to forecast the future level of price and the extent of demand. No
businessman can afford to base his decisions on a guess work. Forecasting reduces
the areas of uncertainty that surround management decision making as far as costs,
profits, sales, production etc. are concerned.
13.8 RELIABILITY OF BUSINESS FORECAST
Forecasts made from different forecasting techniques differ among themselves.
Hence, forecast based on any one method should be checked and compared with
forecasts based on other approaches. Because of various unforeseen causes future
cannot be forecasted in the manner expected.
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The reliability of a forecast depends on the following factors:
(i) Range of forecast: The longer the range of the forecast, the lesser the possibility of
the forecast being accurate.
(ii) Stability of the period: In general, if business stability prevails during the time
period over which forecast is made then forecast is likely to be more accurate and
reliable than the one made for a period characterized by uncertainties.
(iii) Nature of the product: Forecasts for all types of goods are not equally accurate
and dependable. The demand pattern for non-durable industrial products is more
stable than that for durable goods. Consequently forecasts made for non-durable
goods industries are likely to be more reliable.

13.9 LET US SUM UP
Forecasting is a technique that can aid in future planning. Time series is an important
tool for prediction.
In general, there are two common ways of forecasting. These are: qualitative
forecasting and quantitative forecasting techniques. personal opinion , panel
consensus, delphi method, market research, historical comparison are some of the
important methods of qualitative forecasting.
Quantitative method of forecasting can be broadly classified into two categories: time
series analysis and causal analysis. Again, time series analysis can be of various
types: free hand method, Smoothing methods, trend projection methods, exponential
smoothing methods, autoregressive model and Box-Jenkins model.
On the other hand, various causal methods that we have discussed are: leading
indicators, regression analysis, input-output analysis and econometric model etc.
Again several theories have been developed out of researches conducted by
individuals or institutions on business forecasting.
In this unit, we have learnt some important theories namely:
(1) Sequence or Time-lag Theory,
(2) Action and Reaction Theory,
(3) Economic Rhythm Theory,
(4) Specific Historical Analogy,
(5) Cross-Section analysis.
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13.11 ANSWERS TO CHECK YOUR PROGRESS
Ans. to Q No 1: (i) False, (ii) True, (iii) False, (iv) True.
Ans. to Q No 2: Three different methods Quantitative methods of time series
forecasting are: free hand method, smoothing method, Exponential smoothing
method.
Ans. to Q No 3: Three theories of business forecasting are: (1) Sequence or Time-lag
Theory, (2) Action and Reaction Theory, (3) Economic Rhythm Theory.
13.12 MODEL QUESTIONS
1. Define ‘business forecasting’? Write down the steps involved in business
forecasting.
2. Distinguish among prediction, projection and forecasting.
3. Discuss the Quantitative method of time series forecasting method.
4. Write a note on Cross-section Analysis theory of business forecasting.
5. Discuss the utility of forecasting.
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