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UNIT 01

MEASUREMENT AND SCALING TECHNIQUES
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1.0

LEARNING OBJECTIVES

After studying this unit you should be able to know:
 Concepts of measuring and scaling techniques
 Level of measurement/scales
 Classification of scaling techniques
 Selection and choosing an appropriate scale for the research problem.
1.1

INTRODUCTION

For any kind of research, data is required. Such data can be collected by an investigator
from primary and secondary sources. Data consists of quantitative variables in the
shape of concrete and tangible form like height, weight, price, income sales, etc. and
intangible qualitative forms like personality, attitude, knowledge, performance,
character, etc. The qualitative variables can be converted into numerical forms for
further analysis and interpretation. Such can be possible through measurement and
scaling techniques
It is very much common in research studies to draw the feeling, attitudes, and opinions
of respondents in some measurable form. For example, Government wants to know the
opinion of people about the services provided during the Corona period. Amazon
Company having its network in a town may be interested to assess the quality and
service provided by them during the “Corona Era”. Further in the unit, we will discuss
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the different levels of measurement scales, various types of scaling techniques,
selection and choosing appropriate scaling techniques.
1.2

MEASUREMENT AND SCALING

Measurement and Scaling form the basic foundation of any scientific study.
Before going into deep it will be very much essential to know about such familiar
terms:
i.
Measurement
ii.
Scaling
i. Measurement: means the process of observing and recording the observation. Here
recording of observations denotes the assignment of a certain number of symbols to
empirical events. To observe gender we may use the letter “F” for female and “M” for
male. Alternatively, we may use the number “1” for females and “2” for males.
Measurement Expresses:
Selection of events under observation---- Assignment of numbers/symbols----Application of mapping rules.
ii. Scaling: It is a particular procedure of assigning a number or symbol to measure
something. According to the rule: Scaling comprises the assignment of objects to
semantics. Objects may be personal properties like height weight or psychological
properties like attitude, opinion, feeling, and social properties like leadership, status,
religion, etc. For example, a fast-food company having a network in the city of Odisha
may be interested in assessing the quality and services provided by them. Each
customer is interviewed with a semantic
We may assign a number such as strongly agree as “1” agree as “2” disagree as “3” and
strongly disagree as 4. So each of the customers may assign1, 2, 3 or 4.
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1.3

LEVELS OF MEASUREMENT

Concept: Level of measurement is a process of drawing relationships among the values
that are assigned to qualitative variables like attributes, feelings, and opinions.
For Example The variable “whether the performance of students of OSOU in a
particular examination is good” has several attributes namely:
Using Number
1
2
3
4
5

Using Texts terms
Very Good
Good
Neither Good nor Bad
Bad
Very Bad

Using “number” is more attractive and economical than using lengthier “text terms”.
Relationship: We do not mean that higher values mean ‘more’ of something or lower
value means ‘less’ of something. Here good bearing number “2” and the very good
bearing number “1” if to be related we don't assume that good is twice considered as
very good.
Typical classification: There are four levels of measurement scales or methods of
assigning numbers:
a) Nominal Scale (Categorical)
b) Ordinal scale (Rank)
c) Interval Scale (Cardinal Scale)
d) Ratio Scale
a) Nominal Scale: It is the oldest and most crude method among all measurement
scales but the simplest method that can be easily understood. It is a method of
classification and labelling. It does not express any values or relationships between
variables. The assigned numbers have no arithmetic properties and act only as labels.
In nominal scales, categories are mutually exclusive and are also called categorical
scales.
For example: Classification of Individuals
According to sex
[Male or Female]
1
2
Religion
[Hindu Muslim]
1
2
Odisha State Open University, Sambalpur
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Particularly in research activities Yes/No. Labelling will be used but there is no
distance between yes and No. Similarly in sex analysis, we do not mean that female is
twice something as a male or male is better than a female.
b) Ordinal scale (rank): An ordinal scale is one in which items can be arranged
according to ranking. Ranking can be done either in ascending order (lower to
higher) or descending order (higher to lower). Ordinal numbers specify the relative
position of items in a group. Only it shows the ordered or logical relationship but
does not specify the number of differences. Particularly in marketing research
ordinal scales are very much used to measure relative preference or opinions like
best to worst or worst to best. From a statistical point of view only measures of
Central values, median and mode follow ordinal scales but not the mean.
For example, you may be asked to assign the ranks in descending order (Highest to
lowest) of the following four film heroines:
Heroines
Hemamalini
Sridevi
Madhubala
Rekha

Preferences
1
2
3
4

The above table shows your assessment/preference giving the highest rank to
Hemamalini (1) and the lowest rank to Rekha (4). It does not mean that Rekha
commands 4 times of Hemamalini. It is only the question of position, not the values.
c) Interval Scale (Cardinal Scale): An interval scale is one in which the
characteristics of an ordinal scale are present along with the additional features that
are the distance between points on the scale are equal distance in the characteristics
being measured. For example, temperature measurement from 20˚c to 40˚c is the
same as interval -10˚c to 10˚c. We cannot say that 40˚c is twice as hot as 20˚C. In
this scale, there is no absolute 0˚c. Such 0˚c does not mean that there is no
temperature but it indicates a relative point in the interval scale.
Let Ranks are 1 2 3 4
The difference between 1 & 2 is equal to the difference between 3 & 4. A further
difference between 2 & 4 is twice the difference between 1 & 2.
The Interval scale may be expressed either in numeric format or semantic format.
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Example of Interval Scale in Numeric Format.
Supply of a Product
Fresh
Taste
Money Value
After sales Services
Packing and Delivery

1
1
1
1
1

2
2
2
2
2

3
3
3
3
3

4
4
4
4
4

5
5
5
5
5

Encircle the numbers of each line in your opinion Example of Interval Scale in
Semantic Format.
Supply of a Product

Excellent

Very Good

Good

Poor

Worst

Fresh
Taste
Money Value
After-sales Services
Packing and Delivery
Please indicate your opinion on the above by assigning a five-point scale of 1 to 5 (that
is Excellent =
1
Very good
=
2
Good
=
3
Poor
=
4
Worst
=
5
d)
Ratio Scale: It is a scale that bears the properties of interval scale together with
additional new features actual zero point. Example: Distance, income, height, age,
weight, length and time etc. On a ratio scale, the difference in scores and the relative
magnitude of scores can be measured and compared. For example, The difference
between 20 minutes to 30 minutes is the same as the difference between 50 minutes to
60 minutes but 60 minutes is twice as long as 30 minutes. The use of the level of
measurement enables us to decide on how to interpret the data. In general, it is desired
to have a higher level of measurement (interval or ratio) rather than a lower one
(nominal or ordinal).
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1.4

CLASSIFICATION OF SCALING TECHNIQUES

Scaling techniques commonly used in business/social science research can be classified
into two broad categories:
a) Comparative scaling techniques
b) Non-Comparative scaling techniques
a) Comparative scaling techniques:
The respondent is asked to compare one object with another. For example, the
researcher can ask the respondents whether they prefer ‘Maruti’ or ‘Indica’. Under such
a scale, data can be inspected in relative terms and have only rank order properties
hence it is sometimes called non-metric scaling.
Comparative scaling techniques can be subdivided into:
i) Paired Comparison Scale
ii) Rank Order Scale
iii) Constant-Sum Scale
iv) Q-Sort Scale
v) Guttmann Scale
i)
Paired Comparison Scale:
Under this technique, the respondent is presented with two objects at a time and asked
to select one object according to some criterion. The data obtained are ordinal if there
are ‘n’ number of brands then the number of comparisons pair will be n (n-1)/2.
Example: If we have 4 brands of products like A B C and D then the number of paired
comparisons will be 4(4-1) /2 = 4 x 3/2 = 6
Such can be displayed in the following ways.
Brand
A
B
A
B
C
D
2
3
No, of time preferred
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Six comparisons are.
A-B
A-C
A-D
B-C
B-D
C-D
The symbol (Tick) mark indicates the respondent’s preference for the product
concerning other products.
Here B over A
B over C
B over D
Preferred for 3 times
And A over C
A over D
Preferred for 2 times
Cover D Only 1 time
D over others
0 time
Paired composition is useful when the number of brands is limited.
ii)
Rank Order Scale:
In rank order scaling the respondents are presented with several items simultaneously
and asked to rank them in order of priority. This is an ordinal scale that shows mutual
exclusive events (favourable/unfavourable, like/dislike) but does not describe the
distance of such events (objects).
As ranking is purely subjective it is obvious that it will vary from person to person as
regards ranking is considered:
Example: Suppose 5 brands of toothpaste are available and presented before the
respondents for ranking. You are one of such respondents. Your ranking is displayed as
follows:

1
2
3
4
5

Brand
Colgate
Pepsodent
Close up
Dabur red
Sensodyne

Odisha State Open University, Sambalpur
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Like the comparison pair scale, it is also comparative but the major disadvantage is that
only ordinal data can be generated.
iii)
Constant Sum Scale: Under such scale, the respondents are required to allocate
a constant sum of units among a set of stimulus objects concerning some criterion fixed
by the researcher. Suppose you may wish to determine how important the attributes of
price fragrance, lather, packing, moisturizing, cleaning power, and longevity of bath
soap are to consumers. Respondents are allocating 100 points among such attributes
based on importance.

Attribute
Price
Fragnance
Lather
Packing
Moisturizing
Cleaning power
Longeivity

Format
No. of points
40
15
3
10
8
18
6
100

This method finds discrimination among attributes with less time for a decision but
suffers from confusion with a large number of stimulus objects for allocating points.
iv)
Q- Sort Scaling: This is a comparative scale that uses a rank order process to
sort objects based on similarity concerning some criteria. The purpose is to reduce a
relatively large number of objects into certain batches following the prescribed criterion
and make comparisons among them.
For example, A bag contains 100 magazines choose
20 magazines
30 magazines
15 magazines
25 magazines
10 magazines

You ‘Prefer most’
You ‘Like’
You ‘Are Neutral’
You ‘Dislike’
You ‘Prefer Least’
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v) Guttman Scaling:
It is also a comparative scaling technique developed by Louis Guttman it is also called
the comparative scaling technique developed by Louis Guttman. It is also called
cumulative scaling or scalogram analysis. It is unidimensional if it yields a cumulative
scale. Under this arrangement, items are related to one another in such a way that is
respondent who agrees with item 3 also agrees with items 1, 2 and who agrees with 4
also agrees with items 1, 2, 3 and so on.
Table
Agrees with item
3
2
Score 4
4
x
3
x
x
2
x
x
x
1
x
x
x
0

1


Disagrees with items
4
3
2
x
x
x

x
x

x


x

1
x
x
x
x






 (Tick symbol indicates agrees with)
X (Cross symbol indicates disagrees with)
Non-comparative scaling techniques: Under this scaling techniques respondents need
only evaluate a single object. Evaluation is independent of the other object under study.
Non-comparative scaling techniques can be further divided into:
i.
ii.

Continuous rating scale
Itemised rating scale

i.

Continuous Rating Scale: In the Continuous rating scale, respondents write the
object by placing a mark at the appropriate position on a continuous line that runs
one extreme of the criterion variable to another. It may take into horizontal or
vertical shape.
The worst

The Best

The worst

The Best

The respondent shall have to place a mark between such extreme points under the scale
one object is rated at a time and not compared with others.
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ii. Itemised rating scale:
It is a scale having a number or brief descriptions associated with each category. Such
categories are ordered concerning scale position and the respondents are asked to select
out of such categories. Generally, such itemised scales are used widely in marketing
research. It may take three forms Graphic, verbal and numeric.

The itemised rating scale is again subdivided into 3 categories.
(a) Likert Scale
(b) Semantic Differential Scale
(c) Staple Scale
(a) Likert Scale
Such scale was developed by Rensis Likert. In business research such a scale is used
for measuring attitude because of its simple understanding and operation it is widely
used in business research. According to this scale, a statement is presented before the
respondents like “there should be uniform price throughout the country for food
products” and five alternatives will be provided like strongly agree, Agree Not sure,
Disagree, Strongly disagree along with five weightage descending order or ascending
order like
5
4
3
2
1
Or
1
2
3
4
5
Against such alternatives respectively. Each respondent is required to circle his opinion
on a score against each statement. The final score for the respondent on the scale is the
sum of ratings for all the items. This scale enjoys the advantages because it is easy to
Odisha State Open University, Sambalpur
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construct, administer and use but it suffers from taking a long time to complete the
process and single summated score.
(b) Semantic Differential Scale:
Seven point rating scale with two extreme points like good and bad, strong-weak,
Quick-low, Important- unimportant.
Example
Good +3

+2

+1

Strong 7
Quick 7

6
6

5
5

0
4
4

-1

-2

-3

Bad

3
3

2
2

1
1

Weak
Slow

(7 Points)
Under this scaling system, positive attitudes and negative attitudes can be arranged
from left to right or right to left Respondents are asked to check individual cells
depending on the attitude. Then one could arrive at the average scores for comparison
of different objects.
(c) Staple Scale: It serves as the substitute for the semantic differential scale. When
the determination of two extreme points like Good-bad, Strong-weak (bipolar
adjectives) becomes difficult staple scale places a single adjective in the centre of an
even number of numerical values (say +3 +2 +1
0 -1 -2 -3 ). It indicates how
close to and how distance from adjectives.
A given stimulus is?
Format of staple scale
Describing the personnel baking of a barile
+3
+3
+3
+2
+2
+2
+1
+1
+1
Friendly
Host
Fast service
-1
-1
-1
-2
-2
-2
-3
-3
-3
Like semantic differential scale, it also suffers from a lengthy process but enjoys the
advantage that it can use only a single adjective without using bipolar extreme
adjectives

Odisha State Open University, Sambalpur
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Scaling
Techniques

Non
Compative
Scale

Comparative
Scales

Paired
comparison

Rank order

Constant Sum

Q- Sort

Guttman
Scaling

Continous
Rating Scale

Itemised
Ratng Scale

Likert

Semantic
diffrential

Staple

1.5
SELECTION & CHOOSING AN APPROPRIATE SCALE FOR THE
RESEARCH PROBLEM
A bundle of important scaling techniques are used to measure attitudes in research.
Such scaling techniques have their own merits and demerits. Now the question may be
raised which technique is more appropriate to use to measure attitudes, virtually any
technique can be used but at the same time, all techniques are not suitable for allpurpose. So the choice of scale is not a very easy proposition. In general, you should
use a scaling technique that gives the highest level of information in a given situation
and also can be put to further statistical analysis. As regards the selection and choice
several issues play a pivotal role in this context. Some of the important issues are as
follows:
(a) Problem definition and statistical analysis: As ranking is based on ordinal data
choice between rankings, sorting possesses the problem of definition and
statistical analysis.
(b) The choice between comparative and not comparative scale: In a noncomparative scale only a single concept is taken wherein in comparative sale two
concepts are taken into account to have better inference and ideal situations.
(c) Types of category levels: In constructing measurement scales different types of
category levels are used verbal and non-verbal (particularly numeric). Verbal
categories are more preferred over numeric because of easy understanding by
respondents and easy operation by researchers.
(d) Several categories: There is no single, optimal number of categories. Sometimes
an odd number of categories is used. General cum traditional guidelines
prescribed 5 to 9 categories. Overall the researcher should determine the number
as suitable for his research problem.
(e) Balanced vs unbalanced scale: You can use a balanced scale to obtain objective
data.

Odisha State Open University, Sambalpur
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(f)

Forced vs unforce category: When respondents are neutral in providing their
opinions the accuracy of data may be improved by a non-forced scale under the
no opinion category.
For a better understanding of appropriate applications of some attitude scales are
presented below:
Attitudes Components
Appropriate Types of Scale
Knowledge:
Awareness
Itemised category
Attributes beliefs
Itemised category, Semantic differential
Attributes importance
Itemised category/ Constant sum
Affect or linking
Itemised category/ Constant sum Rank order
Overall preference
Like semantic differential.
Action
Intention
Itemised category/ constant sum
(Rank order Likert)

1.6

LET US SUM UP

Measurement and measurement scales form the foundation for research work
measurement is concerned with four categories like nominal, ordinal, interval and ratio.
Nominal deals with different categories and ordinal scales provide the ranks/sequence.
Interval scales begin to reveal the magnitude between points on the scale and ratio
scales reveal both order and the absolute difference between any two points on the
scale.
Measurement scales designed for market research have been classified into two
categories. Comparative and non-comparative scales. A comparative scale provides a
base for pooling the opinion of respondents on particular criteria for comparison
between two or more firms so far as brands, services and other stimuli are concerned.
Under these five types of scales are prescribed
(a)
(b)
(c)
(d)
(e)

Paired comparison
Rank order
Constant sum
Q-sort
Guttmann scale

Odisha State Open University, Sambalpur
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The non-comparative scale can be subdivided into
(a) Continuous rating scale
(b) Itemised rating scale
Again itemised rating scale is classified into
(i) Likert scale
(ii) Semantic differential scale
(iii) Staple skin
Varieties of scaling techniques are available for the measurement of attitude. For the
research study, there is no particular scaling technique that can fulfil the purpose.
Hence, selection and choosing the techniques having their own merits and demerits
may pose a question mark. Several issues like problem definition and statistical
analysis, the choice between comparative and non-comparative scales, type of category
levels, number of categories etc. are focused on in this unit.
1.7

KEYWORDS














Comparative Scale: Under such a scale two objects are presented before
respondents for comparison of whether one object is better or worse than the
other?
Constant sum Scale: Respondents are asked to allocate a constant sum of units
like point rupees or chips among a set of stimulus objects based on a given
criterion.
Itemised rating Scale: It bears numbers or a brief description associated with
each category.
Interval Scale: It is designed to measure numerically equal distances on the
scale on equal distances in the characteristics measured.
Likert Scale: Respondents indicate their attitude by checking how strongly they
agree or disagree ranging sweet coated words from very positive to very
negative towards the attitudinal objects.
Measurement: Process of observing and recording the observation that is
collected for research.
Non-comparative Scale: Respondents are required to evaluate a single object
Nominal scale: Different scores on measurement indicates different categories.
Ordinal Scale: items are ranked/ordered according to particular characteristics.
Paired comparison Scale: Respondents are presented with two objects at a
time and are asked to select one object according to some criterion.
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1.8

FURTHER READINGS








1.9

Q-sort: It is a comparative scale that follows a rank order procedure to sort
objects based on similarity concerning some criterion.
Rank order Scale: Before respondents, several items are presented
simultaneously and asked to rank or order them according to some criterion.
Ratio Scale: Compare both differences in scores and relative magnitude of
scores.
Scaling: assignment of objects to numbers or semantics according to a rule.
Semantic differential Scale: Seven point rating scale with endpoints associated
with bipolar labels (like good and bad, strong and weak, clean and dirty etc.)
Staple Scale: Provides a single adjective as a substitute for the semantic
differential. It is used only when it becomes difficult to create pairs of bipolar
adjectives.

Mishra Business Research Methods, Oxford University Press.
Business Research Methods and Project work, Priyaranjan Dash, Vrinda
Publications (P) Ltd
Business Research methods, S.C. Agarwal, V.K. Global Pub. Pvt. Ltd., New
Delhi.
Upgrade & Shende – Research Methodology – S. Chand
A.K.P.C. Swain, Business Research Methods and Project work, Kalyani
Publishers, New Delhi
Dangi, H.K. Business Research methods, Cengage Learning
Chawla Deepak – Research Methodology – Vikash Publication
TERMINAL QUESTIONS

1) What are the different levels of measurement? Explain any two of them.
2) What do you mean by comparative scaling techniques? Discuss any three of
them in detail.
3) What are non-comparable scaling techniques? Briefly explain the mechanism of
Likert scaling techniques.
4) Outline the issues you consider for selecting appropriate scaling techniques for
measuring attitude.
5) Differentiate between ranking scaling and rating scales. Which one of these
scales is better for measuring attitude?
6) What do you mean by Q-sort scaling? In what type of situation is the Q-sort
technique appropriate?
Odisha State Open University, Sambalpur
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7) Construct a rank order scale to measure TV preferences. Discuss its advantages
and disadvantages.
8) Construct a semantic differential scale to measure the opinions of respondents
on using a particular brand of toothpaste.
9) Write short notes on:
a. Likert scale,
b. Q-sort,
c. Rank order scale,
d. Ratio scale,
e. Constant sum scale.
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2.9
Key Words
2.10 Further Readings
2.11 Terminal Questions
2.0

LEARNING OBJECTIVES

After studying this unit you will be able to know
 Sample population, census, parameters and Statistics
 Theorems of sampling and various reasons for opting for the sampling method
 Essentials of a good sample
 Methods of Sampling with their merits and demerits
 Types of sampling and non-sampling errors and control techniques to minimise
such errors
 Sample design and its size
2.1

INTRODUCTION

For the research study, the required data may be collected by selecting either census or
survey method. Researcher usually cannot make a complete study of the population due
to cost and time constraint and a part of the population called sample which forms the
subject of the population is taken for study and drawn conclusion about the
Odisha State Open University, Sambalpur

Page 19

characteristics of population from where the sample is drawn. This unit covers the
theories of Sampling Essentials of a good sampling and selection of sample size,
methods of the sampling both random and non-random sampling is focused along with
their types, merits and demerits. Further this unit also highlights on sampling errors and
non-sampling errors, on the control techniques used to minimise such errors.
2.2

SAMPLE POPULATION, PARAMETERS, STATISTICS

Both primary and secondary data can be collected by various methods and techniques
but the desired data may be collected by selecting either the census method or sampling
method.
Under the census method, all the units of the whole population can be studied not
leaving a single unit. Here the term population which in turn is called Universe
comprises all the units or informants of the data whether groups of person objects,
items or any other units.
The population may be of:
 Finite Population
 Infinite Population
 Existing Population
 Experimental Population
In the case of a finite population, the number of units can be counted but in an infinite
population, the number of units cannot be counted, In the existing population number of
units are present nothing will be added or deleted where as an experimental population
the populations are taken into study for research, the characteristics of a population can
be called parameters like Mean, Standard Deviation, variances correlation etc.
Sampling is a process of inference or concluding the population by studying only a part
of it. It is common that, studying all the units of the population is a time consuming and
cost addition process. Hence it is essential to study the important units from a large
group of elements called sampling. Sampling is a subset of the population (Sampling
Population).
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The Venn diagram is represented in this form. The characteristics of the sample will be
termed as statistics (like Sample Mean, Sample Standard Deviation, and Sample
Variance etc.)
For example, at OSOU there are 5000 students. To study the quality of services
provided which we can take all the 5000 students for the study called a census, but we
can take let 500 students for a study is called a sample. The mean of all the five
thousand students is called ‘Parameters’ and the mean of 500 students is called
‘statistics’. The characteristics of the sample reflect the characteristics of the
population.
2.3

CENSUS VS SAMPLING

The Census technique of data collection is called the complete enumeration technique
or 100 % enumeration technique. Under such a technique every item or unit of the
population is selected for data collection. For example in the Indian census which is
conducted every 10 years, this technique is followed.
It is appropriate when the population size is itself is quite small. It is also needed when
information is needed from every individual, object and population such as population
census individual census and Agriculture census.
Sampling refers to studying a part and not all of the units of the population. After
studying the sample unit, a conclusion can be drawn about the population from where
the sample is collected. As it is the subset of the population, the characteristics of the
sample represent the characteristics of the population. For example, to purchase grocery
item rice from the market, a few grains of rice is taken as a sample from a bag
containing one quintal of rice. After studying such few grains of rice, we can conclude
the quality of the rise of the whole bag of it.
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The sampling technique is the best course to adopt if the population size is large and if
the cost and time associated with obtaining information from the population are high.
Quick decision to be taken with sample study.
2.3.1 Why sampling?
The question arises of whether to go for a Census or a Sample Survey, only one
solution is not sufficient to solve this problem. A set of reasons are to be taken to
account for such a situation. The important reasons which make sampling desirable
over and above the population are given below:












Time Factor Analysis: Small units against large units are covered undersampling. It takes less time to collect analysis and processing of data undersampling against covering the entire population. Hence it is better to go for a
sample survey rather than a census.
Cost factor analysis: Due to financial aspects, it is not always possible to opt
for a census survey. Sampling survey helps in cost reduction resulting in its
command over the census.
Size of Population: When the size of the population is very large, a census
survey fails to operate and a Sample Survey serves as the only way to analyse
the features of the population.
Physical Impossibility: In many situations, the elements being studied, get
destroyed while being tested. In such cases, census study becomes impossible
hence only a sample is to be studied for this purpose. An example blood test of a
patient. When the entire blood is taken from the body, the patient will die. Then
ultimately the purpose of the study becomes a failure. Hence for testing, only a
few drops of blood will be taken to the laboratory testing and give rise to sample
testing.
Accuracy of the data: For the population study, all units will be taken into the
study but only a few trained experts are operating such study. Data so collected
may be reliable but not accurate. In such a situation sample study may be more
accurate than the census.
Accessibility of Population: Some populations are so difficult to get access to
that. For example study of people in prison, and the study of migrating birds. In
such cases, the question of inaccessibility provides costly and time-consuming.
Hence sampling is the only way to solve the problem.
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2.3.2 Theories of Sampling
The collection of data under-sampling technique is based on certain rules, principles
and laws, which are known as theories of Sampling. Important theories of Sampling are
as under.


The law of statistical regularity: It is incidental to the law of the theory of
probability of success or failure. Under the law of statistical regularity, if a
large-sized sample is taken at random from the population, it is likely to pose
the same characteristics as that of the population. The largeness of sample size
provides a better and true character of the population. But too large of a sample
may make things unmanageable and takes very much expensive. So the
largeness of the sample depends on the degree of accuracy, funds available, size
of the population, size of the sample, nature of the variability of data etc.

Similarly, the selection of samples at random plays a very important role as regards the
law of statistical regularity is concerned. Sample collection from the population at
random means all the items of the population have an equal chance of coming under the
sample. The question of partiality and favoritism will not arise during the process of
sample selection.
 The law of inertia of large Numbers: This law is an extension of the law of
statistical regularity. According to the law, large numbers are more constant
than small ones, therefore if the sample size increases, the result will be more
reliable and accurate. In large numbers, there will be no violent fluctuations or
variations.
 The law of Persistence: According to this law, if there are any inherent features
with the population the same will remain continue and be reflected in the
sample in the same manner respective of the size of the sample or increase or
decrease of the population. For example, in the manufacturing industry, there is
a lot of defective in production, if the size of the sample increases or decreases
or production is done in double or triple shifts still such % of defective remains
the same or nearer to the same.
 Law of Optimization: It states that the size of the sample should be fixed in
such a manner that the maximum accuracy can be achieved with minimum costs
in terms of money and manpower.
 Law of Validity: Planning and execution of the Sample Survey will be done in
such a way that the conclusion drawn from the sample remains valid for the
population from where samples were taken. Such can be possible if
o The sample is drawn at random
o The size of the sample should be fairly large
o The survey process is operated logically and scientifically.
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2.4

ESSENTIAL CHARACTERISTICS OF A GOOD SAMPLE

As sample results reflect the characteristics of a population it is very much essential
that samples must satisfy the following characteristics:
 Representativeness: A sample must represent the true picture of the population
from where it is drawn
 Adequacy: The size of the sample should be adequate, neither too large nor too
small but commensurate with the size of the population. It should be kept in
mind that the size of the sample selected is economical.
 Homogeneity: There should be homogeneity in all the units selected.
 In dependability: A sample must be biased by sample procedure.
 Random selection: All the units of the population have an equal chance of
coming under-sample. No one is favored over others.
 Accuracy: A sample must be accurate and complete. It should take all the
respondents' units, and items included in the sample.
 Degree of precision: Adequate sample size must be taken considering the
degree of precision required in the results of an enquiry.
2.5

METHODS OF SAMPLING

There are various methods of sampling which can be broadly classified into:
 Purposive method or non-probability method or non-random sampling method
 Random method or Probability Sampling Methods
Further purposive sampling is divided into
(a) Quota Method
(b) Convenience Method
(c) Sequential Method
Similarly, the random method of Sampling is sub-classified into the following.
a) Simple Random Method
b) Stratified Random Method
c) Systematic Random Method
d) Cluster Method
e) Multistage random method of Sampling
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2.5.1 Purposive Method of Sampling:
This method of Sampling is also called subjective or judgment or non-probability
sampling and non-random sampling method. Here the probability of any particular unit
of the population being chosen is unknown. Hence this method of selection of sampling
unit is quite arbitrary and depends on the personal judgment of the investigator. So
sampling errors may arise when a general conclusion is drawn about a population based
on such a sample study. The relative merits and demerits of this method can be outlined
under.
Merits
 It is economical both in cost and time.
 It ensures proper representation of the population and is free from bias.
 It prevents unnecessary and irrelevant items to be included.
 It ensures a deep study of selected items.
Demerits
 There is a possibility of bias and prejudices of the investigator.
 All items of the population cannot enjoy an equal chance of being included in
the sample
 There is no scope for the calculation of sampling error and degree of accuracy.
 It is not suitable for a large sample
This method is classified into
a) Quota Method
b) Convenience Method
c) Judgment Method
d) Sequential method
Quota Method:
It is a type of purposive sampling in which the entire population is divided into certain
parts based on parameters like age, sex, education and geographical region. Then such
units are attached with the fixed quota of samples. Each unit has a fixed quota is
assigned to the investigator and authority is given to the investigator to select.
The required number of units of the sample of his own accord and examine them to get
the required information.
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This method has its own merits and demerits
Merits
 It enjoys all the advantages of purposive sampling
 It gives more reliable results
 It is economical and as regards time and money
Demerits:
 It suffers from all the defects of purposive sampling.
 It is not possible to detect sampling errors
 It is not possible to estimate sampling errors.
Convenience method:
It is a method of obtaining a sample that is most conveniently available to the
investigator. For example, the various issues on public interest like budget, election
price-rise, and various TV channels present on the street, and interviews with people to
reflect the opinion.
This method of selecting the sample is also called ‘Chunk’ since the samples are
selected neither based on rules of probability or the basis of judgement but based on the
convenience of the investigator based on location, time and others.
Merits:
 Units of the sample are easily located and contacted by the investigator.
 It is economical as regards time and money
 It is suitable for marketing research
Demerits:
 Units selected may hardly represent the population
 Bias and personal factors are dominant in an investigator
 Results found may be misleading and unsatisfactory.
 It does not follow the rules of probability and the principles of justice, but only
follows the principles of convenience.
Judgment Sampling:
The Judgment and opinion of some experts form the basis for sample selection. The
experts have both professional knowledge and non-professional knowledge about the
population, which can help in giving better samples.
Example:
 Calculation of consumer price index
 Performance of employees
 Forecasting election results
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Merits:
 It pooled the expertise knowledge of experts
 skilled experienced personnel can provide better facilities for sample selection
 It helps in career appraisal study, market study and another forecasting.
Demerits
 It lacks a scientific and logical basis for sample study
 Questions of bias and personal prejudice may arise
Sequential sampling:
It is a type of purposive sampling in which the number of sample lots is drawn are
greater one after another in order of sequence till a satisfactory sample lot is obtained.
It is generally used in statistical quality control if the first sample is acceptable. There is
no need for a second sample to be drawn.
Merits:
 It is based on the principle of judgment
 It is suitable for infinite population
Demerits:
 It is affected by the personal bias and prejudice of an investigator.
 It is not suitable for a finite and hypothetical population
2.5.2 Random Sampling Method
Random sampling is also known as probability sampling or the method of chance
selection in random sampling all the units of the item in the population have an equal
chance of being included in the sample. Each element of the population has a known
and non-zero chance of being selected. Under this method of sampling, there is the least
amount of sampling error but cannot say that there is no error. The purpose is to
minimise the sampling error and share little chance of buyers leaving any room for
deliberate selection the relative merits and demerits can be discussed below.
Merits:
 The method of selection is scientific.
 There is little chance of bias and prejudices of the investigators.
 Sampling error can be minimized.
 It is possible to set the degree of accuracy to be achieved.
 When there is a large sample (n > 30) this method is most suitable,
 It is possible to measure the relative efficiency of various sample designs.
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Demerits:
It is not economical in cost and time.
It needs a high level of skill expert experience for investigators.
By chance and irrelevant and unnecessary items may be pushed into the sample
instead of relevant items
It prevents the experts to exercise their knowledge experience of the judgment
of the population in selecting the sample.
It is not suitable in the case of a small sample (n<30).

The random sampling is divided into the following
a) Simple Random Method
b) Stratified Random Method
c) Systematic Random Method
d) Cluster Method
e) Multistage Random Method
a) Simple Random method: A simple random sampling is one in which each item or
unit of the population has an equal chance of being included in the sample. Further,
the selection of one item should in no way influence the selection of another item. It
is applied in the case of a homogeneous population where all the items bear the same
characteristics (attributes). So it is observed that a random sampling method should
conform to the following two criteria.
 Every item of the population must have an equal chance of being included in the
sample.
 The selection of one item is not affected by the selection of previous items.
Methods of selection of simple random samples:
Various methods have been followed depending upon the types of the population like
hypothetical population infinite population and finite population. The most popular
method which is used in practice is the Random numbers method. There are several
standard tables of Random numbers available like Tippet’s Random Numbers Table.
Fisher’s Yates’s Table, Kendell's and Babington Smith’s Random numbers Table are
the most popular. For more explanation first sixteen numbers of Tippet’s Random
numbers Table are given below:
2952
4167

6641
9524

3992
1545

9792
1396
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Steps of Drawing:
1. If the population size (N) is within 3 digits only. In such a case 4 digit numbers
of the table are converted into 3 digit numbers by taking 1st 3 digits of the 1st
number. 4th digit of the first number with 2 digits of 2nd number and likewise.
2. In the case of two digits only: 4 digits numbers can be converted into two-digit
numbers by breaking each random into two equal parts. Like: 29 52 66 41 39 92
……….so on.
3. In case of too small say less than equal to 20. 1st each number should be split
into two parts like 2 9 52 66 41 39 92. Let the population size id 15. Then
numbers to be assigned will be logical by applying the following procedure.
Numbers
29
52
66
41
39
92

When N = 15
29 = 15 x 1 + 14
52 = 15 x 3 + 7
66 = 15 x 4 + 6
41 = 15 x 2 + 11
39 = 15 x 2 + 9
92 = 15 x 6 + 2

Numbers to be allotted
14
7
6
11
9
2

Merits:
 As items are selected purely on the chance there is no chance of bias.
 It is possible to achieve the desired level of accuracy by increasing or
decreasing the size of the sample
 It is economical as regards time and money are concerned.
Demerits:
 It cannot be applied to an infinite or hypothetical population
 To achieve a greater degree of accuracy when the size of the sample is enlarged
becomes expensive.
 It is difficult to understand and operate.

b) Stratified Random Sampling
This method flows when the population is heterogeneous. A heterogeneous population
comprises unlike elements like literate/ illiterate, Male/Female, Rural/ Urban. In such a
case such heterogeneous is converted into homogeneous called ‘Strata’. Then random
sampling is applied to each stratum. After dividing the population into ‘Strata’, the next
important thing is to fix the size of the sample for the entire population in a reasonable
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manner. After this, the allocation of such sample size among the strata from which data
are to be collected such allocation can be done in any one of the following ways.




Proportionate Manner
Disproportionate Manner
Optimum Manner

Before following these manners we should be familiar with the division of population
called strata.
S1, S2, and S3 indicate three types of strata rectangle shows the population.
Proportionate manner sample sizes of different strata are fixed at a certain percentage or
ratio. The ratio is (Size of Strata / Size of Population).
Let sizes of strata be represented like n1, n2, n3 …..n
And the population size is N
The ratio will be n1 / N, n2 /N, n3 /N ……
Example: In a population of 6000 units divided into 3 strata containing 2000, 3000 and
1000 units respectively.
Then the size of the Sample of
1st Strata = n1 / N = 2000 / 6000 = 2/6
2nd Strata = n2 / N = 3000 / 6000 = 3/6
3rd Strata = n3 / N = 1000 / 6000 = 1/6
The ratio of such will be: 2/6: 3/6: 1/6 or 2:3:1
It can be displayed in the following manner.

(Source: https://www.simplypsychology.org/cluster-sampling.html)
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Disproportionate Manner:
Under this method, no proportion or ratio is maintained between sample sizes of
different strata. It can be fixed arbitrarily by analyzing time, financial constraints,
stratum variance and stratum population.
Optimum Manner:
The size of samples of different strata is fixed in the light of optimization principles like
maximization of profit with minimization of cost. The size of the sample will be larger
than the size of strata generating low benefits with more costs
Merits:
 It is more representative
 It is more beneficial
 There is greater precision in the estimates
 It is less expensive
 It provides administrative convenience
Demerits:
 It becomes difficult to give weightage to different strata
 A heterogeneous population converted into homogenous groups is not an easy
task
 Determination of sample size for different strata is also a difficult task
 It is more expensive
 There is a possibility of overlapping strata.
c) Systematic Random Sampling:
It is also called quasi-random sampling. Under this method sample units are selected
from the population at equal intervals in terms of time, space or order.
The intervals will be K = N /n
Where N = Population Size, n = Sample Size
Example – Population Size is = N = 1000 Units
Sample Size is = n = 100 Units
So Space Interval = K = N/n + 100 / 100 = 10
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If first sample unit is 8
Then 2nd will be = 8 + 10 = 18
3rd will be = 18+10 = 28
……….and so on.
Merits:
 It is very simple to understand and easy to operate
 It provides satisfactory results
 It is economical in cost and time
Demerits:
 It required a complete and up to date population which is not available in most
cases.
 If a representative item is selected then under cyclical effect it results in the
wrong information.
d) Cluster Sampling:
It is a type of restricted random sampling in which the whole population is divided into
certain prominent groups having heterogeneous characteristics called clusters out of
such clusters select a sample of clusters using simple random sampling such selected
clusters will act as representatives of the whole population.
For Example: To conduct an opinion poll on the reservation issue, the whole country
may be divided into certain clusters say 11 blocks and out of 11 blocks 4 blocks may be
selected at random and all the inhabitants of these 5 blocks will constitute sample units
to provide the desired information.

(Source: https://www.simplypsychology.org/cluster-sampling.html)
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Cluster vs Stratum:
Stratification is done to make the strata homogeneous within and different from other
strata. Clusters in another hand should be heterogeneous within and different clusters
are similar to each other.
Merits:
 It is simple to understand and easy to operate
 It is economical in time and cost
 It produces satisfactory results when the clusters are of equal and small size
Demerits:
 It may produce fallacious results if the selected cluster consists of biased
informants.
 It is not suitable for areas with widely varying numbers of persons or
households.
e) Multistage and Multiphase Sampling:
It is developed over cluster sampling. It is carried out in multiple stages like =1st 2nd 3rd
and 4th likewise…
1st Stage: The entire population is divided into some clusters and by simple random
selection some clusters out of such clusters will be selected.
2nd Stage: Out of the selected Clusters, again such clusters are divided into certain
clusters and out of such few clusters are selected.
3rd Stage: Such selected Clusters in stage 2 will be again subdivided and selected for
getting desired information.
The process is continued till desired sample size arises.
Merits:
 It is very flexible as compared to other methods of sampling.
 It leads to administrative efficiency.
 Subsequent stages of the sample are needed only for the limited number of
units.
Demerits:
 It is likely to cause a large number of errors, due to division, subdivision and redivision of clusters.
 It leads to greater variability of estimates than any method of sampling.
 It is less efficient than a suitable single-stage random sampling.
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2.6

SAMPLE SIZE (N)

The question of how large a sample should be is a difficult one. If the sample size is too
small, it will fail to represent the population properly. Similarly, if it is too large, it
becomes unmanageable to handle them economically. Hence adequate sample size is
considered to reflect the population properly. But such a decision is not an easy task
because the sample size is determined by various factors like time, funds, manpower,
population size, the purpose of study and degree of accuracy. The optimum size of the
sample arises when it satisfies the elements of representativeness, reliability and
efficiency.
Once the researcher determines the desired degree of precision and confidence level.
There are several formulas to determine the size of the sample. Some of these are:
2.7

SAMPLING AND NON SAMPLING ERRORS

2.7.1 Sampling Errors:
Such errors on account of the sampling method applied in the collection of data and the
size of the sample. Sampling error is the difference between the results of studying a
sample and drawing conclusions about the population.
Causes of Sampling Errors
 Selection of the irrelevant and unrepresentative items as the samples
 Improper substitution of sample items
 Bias in the estimating method
 Variability of the population
 Faulty demarcation of the statistical units.
 Fluctuation of Sampling
 The smallness of the size of the sample.
2.7.2 Non Sampling Errors:
Such errors arise on account of faulty research design and mistakes in executing
research. The broad classifications of the sources of non-sampling errors are
a) Respondent errors
b) Administrative errors
a) Respondent errors:
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If respondents are cooperative in providing correct information, the error cannot arise.
But in real practice this may not happen. The respondent may either refuse to give the
information or even if given the information it may be biased.
If the respondent fails to provide information it is called a non-response error. The
response is said to be biased when the respondent may not give the correct information
and try to mislead the investigator.
b) Administrative errors:
Improper arrangement and administration of the research process lead to administrative
errors. Such errors are classified as follows.
 Sample selection error
 Investigator error
 Investigator cheating
 Data processing error
Sample selection error: Sometimes it becomes difficult to execute a sampling plan.
Due to such differences errors can be arisen.
Investigator Error: Errors arisen on account of
a) Not recording the information from the respondent
b) Recording the information incorrectly.
Investigator Cheating: Using as fake data by the investigator without consulting to
respondents.
Data Processing Errors: After data have been collected, they must be properly edited,
coded and entered the data into the computer for further processing and analysis.
During such three stages of carelessness is found from the side of the investigator error
can be missed.
2.7.3 Control of Errors:
Both types of errors can arise. Such errors can’t be eliminated. But attempts are made to
reduce and minimise to the maximum possible extent. The important ways of reducing
such errors are as follows:
 Selection of appropriate samples principles and methods
 Designing and executing a good questionnaire
 Employing trained and skilled investigators
 Use of adequate sample size
 Careful Editing, Proper Coding and entering the data into computers.
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2.8

LET US SUM UP

Sample performs the foundation for studying the characteristics of the population. A
complete survey of the population is called a census. As regards sample and census, the
sample is economical both in time and cost. Hence sampling is the only alternative for
describing the population.
There are two main categories of sampling methods:
 Random sampling
 Non-random sampling
Random sampling methods are based on probability theory and distribution, whereas
the non-random sampling methods are called non-probability sampling methods. Under
this unit, the random sampling method is covered.






Simple Random Sampling
Stratified Random Sampling
Systematic random sampling
Cluster Sampling
Multistage sampling

Similarly, non-random sampling which can turn called non-probability sampling
include
 Convenience Sampling
 Judgment Sampling
 Quota Sampling
 Sequential Sampling
In course of the research process, two sources of sample error can be found



Sampling Error
Non Sample Error

Sampling errors can arise due to various causes like the selection of irrelevant items as
samples improper substitution of sample items, bias in estimating methods, variability
of a population, faulty determination of statistical units, fluctuation of sampling, the
smallness of the sample
Similarly, non-sample errors are due to
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No response on the part of the Respondent
Administrative Error

Such two types of error, sampling and non-sampling cannot be eliminated but attempts
are made to minimise such errors as possible. Extent for controlling errors five ways
have been adopted.






2.9

Designing good questionnaire
Selection of appropriate sampling method
Selection of adequate sample size
Employing trained investigator
Care in collection, editing, coding and entering the data in the computer (called
data processing)
KEYWORDS














Administrative Errors: Non-sampling errors arose on account of improper
administration of the research process.
Census: A sampling technique where all the units of the population are studied.
Convenient Sampling: Units from the population will be taken into the sample
as per the convenience of the researcher.
Cluster Sampling: The population is divided into groups called clusters. Using
a simple random sample select the clusters and studied all the units of such
selected clusters.
Judgment Sampling: The selection of the sample is based on the researcher's
judgment about some appropriate characteristics required for the sample units.
Multistage Sampling: Selection of the Sample is based on the researcher’s
judgment about some appropriate characteristics required of the sample units.
Non-Random Sampling: In the sampling method, the probability of a
particular unit of the population is included in the sample is unknown.
Parameters: The numerical characteristics of the population are called
parameters.
Quota Sampling: Samples are selected based on samples from parameters like
age, gender, education etc.
Random Sampling: All the units of the population have an equal chance of
being included in the sample
Respondent Error: Failure of the respondent to provide the correct
information.
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2.10







Sample: It is the upset of the population it is the representative of population
coverage of population units
Sampling Error: Error arises due to partial coverage of the population units.
Statistics: The numerical characteristics of a sample.
Simple Random Sampling: Each unit of the population has an equal chance of
being included in the sample.
Stratified Sampling: This method used when the population is heterogeneous
and the population is divided into the same is group is called stratum.
Systematic sampling: sample units are selected from the population and equal
intervals interns of time-space or order
Sequential Sampling: It is a type of purposive sampling in which several
sample lots are drawn one after another in order of sequence till satisfactory
sample lots arose.
FURTHER READINGS
Mishra Business Research Methods, Oxford University Press.
Business Research Methods and Project work, Priyaranjan Dash, Vrinda
Publications (P) Ltd
Business Research methods, S.C. Agarwal, V.K. Global Pub. Pvt. Ltd., New
Delhi.
A.K.P.C. Swain, Business Research Methods and Project work, Kalyani
Publishers, New Delhi
Dangi, H.K. Business Research methods, Cengage Learning
Chawla Deepak – Research Methodology – Vikash Publication

2.11 TERMINAL QUESTIONS
1)
2)
3)
4)
5)
6)
7)
8)
9)

What is the sample? How is it related to population?
Explain the term parameter and Statistics.
Distinguish between probability and non-probability sampling.
Elite the situations where ‘census’ and sampling are appropriate.
What do you mean by certified random sampling? Write down its merits and
demerits
Discuss the methods of cluster sampling. How does cluster sampling differ from
stratified sampling?
Briefly explain the theorems of sampling.
Distinguish between simple random sampling and systematic random sampling.
Discuss the essentials of a good sampling.
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10) Describe in brief the various methods of random sampling.
11) What do you mean by sample size? How is it determined?
12) What are non-sampling errors? How would you control them?
13) Discuss the causes of sampling error.
14) Explain quota sampling and judgment sampling
15) What is random sampling? Discuss its merits and demerits.
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UNIT 03

HYPOTHESIS TESTING

Structure
3.0
Learning Objectives
Testing of Hypothesis
3.1
Introduction
3.2
Tailed Test of Hypothesis
3.3
Standard Error
3.4
Procedure of Hypothesis Testing
3.5
Testing of Hypothesis – II
3.5.1 Test of Hypothesis is Sampling Attributes
3.5.2 Test of Hypothesis in Large Sample
3.5.3 Test of Hypothesis in Sampling of variables of small size – (t-test)
3.5.4 Non Parametric Test – Chi Square Test
3.6
Let us sum up
3.7
Key Words
3.8
Further Readings
3.9
Terminal Questions
3.0

LEARNING OBJECTIVES

After studying this unit, you should be able to understand
 Population characteristics on the basis of sample
 Concept of testing of Hypothesis (Features, Types, Errors in Hypothesis, Level
of Significance)
 Procedure of Hypothesis testing (Limitation and Application)
 Testing of Hypothesis – II
o Test of Hypothesis in Sampling of attributes
o Test of Hypothesis in Large Sample – Z Test
o Test of Hypothesis in Small Sample – T Test
o Non Parametric Test – Chi Square Test
 Make decisions on the basis of Testing Hypothesis
3.1

INTRODUCTION

Theory of testing of hypothesis is a branch of decision theory. Hypothesis is a statement
/ assumption / proposition about the state of affairs of a certain thing. Statistical
hypothesis is concerned with a logical proposition on the parameter value of population
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that is put to test through statistical techniques to know its veracity and taking
significant decisions on its acceptability or subject to rejection.
Features of Hypothesis:
 It is proposed about the quantitative form of certain population parameters like
mean (µ), standard deviation (σ) and variance (v).
 It is drawn on logical manner on the basis of past experience, intuition, theory
of probability or theory of estimation.
 It is put to test through certain test techniques like standard Error (S.E), T Test,
Z Test, F Test, Chi Square Test
 Its validity can be judged on the basis of level of significance / level of
confidence.
 Conclusion is drawn either by rejecting or accepting the hypothesis.
Types of Hypothesis:
 On the basis of specification of population
o Simple Hypothesis
o Composite Hypothesis
 On the basis of test of verity or difference
o Null Hypothesis (H0)
o Alternative Hypothesis (H1)
Simple Hypothesis: Hypothesis is said to be simple when it specifies completely the
population with regard to both central value and dispersion. It can be mathematically
expressed as:

- H : µ = µ0
Where

and σ2 = σ02

µ = Mean of Sample
µ0 = Mean of Population
σ2 = Variance of Sample
σ02 = Variance of Population

Composite Hypothesis: Composite hypothesis is one that does not completely specify
the distribution of population. It specifies either central value or dispersion of
population. Such hypothesis can be expressed in any one of the following forms:

- H : = α = α0 (When σ2 not specified means σ2 > σ02 or σ2 < σ02 )
- H : σ2 = σ02 (When α ≠ α0 , means α > α0 or α > α0)
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- µ < µ0
- µ > µ0

(When σ2 = σ02 or σ2 > σ02)
(When σ2 = σ02 or σ2 < σ02)

Null Hypothesis: Hypothesis of no difference. No difference between sample statistic
and parameter value of population. It can be expressed as
H0: The difference is not significant
H0: Statement is true (α = α0)
Alternative Hypothesis (H1): It is complementary to Null hypothesis. Any hypothesis
that contradicts a null hypothesis is also called as alternative hypothesis. If null
hypothesis is rejected the alternative hypothesis is accepted. It can be expressed by one
of the following.
H1: α ≠ α 0 (Two Tailed Test) [µ > µ0 or µ < µ0]




H1: α > α 0 (Right Tailed Test)
H1: α < α 0 (Left Tailed Test)

Errors in Hypothesis Testing
In the process of Hypothesis Testing, we are liable to commit two types of errors like
Type I and Type II.
Type I Error: An error committed by rejecting a null hypothesis which is true in fact.
It is represented by α (Alpha). For an example: Under legal system convicting a person
who is actually innocent.
Type II Error: Such errors can be committed by accepting a null hypothesis which is
false in reality. It is represented by β (Beta). Example: Under legal system a guilty
person go free.
For better understanding the following table clearly displays the types of errors in
testing hypothesis.

Reality of the State
Ho is True
H0 is False

Statistical Decisions
To Accept
To Reject
No Error (1-𝝰)
Type 1 Error (𝝰)
Type II Error (𝞫)
No Error (1-𝞫)

Our object is to reduce both Type I and Type II error. But it is not possible to reduce
both the errors at the same time because both two types of errors are contrary to each
other. If we reduce 𝝰 simultaneously 𝞫 will be increased and vice versa.
Odisha State Open University, Sambalpur

Page 42

For the purpose their payoff (Cost and Penalty) can be compared. In hypothesis testing
Type II error is more risky than Type I Error. Hence we always fix the probability of
committing Type I Error at a certain level of significance (Let 5 %) and probability of
accepting a true null hypothesis at certain level (95%). It means critical region (Area of
Rejection) in normal curve is 0.05 and acceptance region is 0.95
Level of Significance
This is the probability of Type I Error denoted by 𝝰. Usually ‘𝝰’ is taken as 0.01 and
0.05 and accordingly we have 1% or 5 % level of significance. It is the level with which
we accept or reject a particular hypothesis. 100% accuracy is not possible, we have to
take decision at a particular level of confidence which would speak of the probability of
our being correct or wrong in accepting or rejecting a hypothesis. If the level of
significance is 1%, the level of confidence is 99 % and at 5% level of significance, the
level of confidence will be 95%. This shows that our decisions will be correct to the
extent of 99 % or 95 % respectively.
3.2

TAILED TEST OF HYPOTHESIS

Every normal curve has two tails like Left Tail and Right Tail

Left Tail

Right Tail

The total area of Curve is 100 % that is 1.
According to the theory of hypothesis, this area is divided into two regions
- Region of Rejection (Critical Region)
- Region of Acceptance
If the region of rejection is shown in the tails of the curve, it is called tailed test of
hypothesis. Such tailed test of hypothesis is divided into two types
- Two Tailed Test
- One Tailed Test
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Two Tailed Test: Under two tailed test, the region of rejection (critical region) will be
displayed in both the tails of the curve and region of acceptance is shown in the middle
of the curve.
Two tailed test diagram:
At 5 % level of significance or 𝝰 = .05
At 1 % level of significance or 𝝰 = .01

Such two tailed arises when H1: 𝝰 ≠ 𝝰0
When H1: Alternative Hypothesis

µ= Mean of Sample
µ0 = Mean of Population
If µ ≠ µ0 Then µ > µ0 or µ < µ0
One Tailed Test: Under this one tailed test, the region of rejection (Critical Region) is
shown at the one end and region of acceptance is displayed at the other end of the
normal curve. Such one tailed test is again divided in to two types: Left Tailed Test and
Right Tailed Test.


Right Tailed Test: When the region of rejection is shown at the extreme right
hand side of the normal curve and region of acceptance is shown in the left side
of the normal curve, it is called right tailed test.

Odisha State Open University, Sambalpur

Page 44



3.3

Left Tailed Test: When the region of rejection is shown at the extreme left
hand side of the normal curve and region of acceptance at the right side of
normal curve it is called left tailed test.

STANDARD ERROR

It means standard deviation of sampling distribution of statistics like mean, standard
deviation etc.
Model of SE of different statistics
Statistics

Model

SE of number if success

SE (p) = √𝑛𝑝𝑞

SE proportion of success
On Attributes
SE of difference between two proportions

SE of difference between two proportions of
different population
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SE (p/n) = √

SE (

𝑝
𝑛1

+

𝑛

𝑝
𝑛2

) = √𝑝0𝑞0 (

SE (P1 – P2) = √ (

𝑝0𝑞0
𝑛1+𝑛2

1
𝑛1

𝑥

+

𝑛2
𝑛1

1
𝑛2

)

)

Page 45

σ

SE of Mean (When Population SD is known)

SE(𝑋̅) =

SE of Mean (When Population SD is not
known)

SE(𝑋̅) =

SE of Median

SE (m) = 1.25331

SE of Quartiles

SE (Q) = 1.36263

SE of Q.D

SE (QD) = 0.78672

S.E of Mean Deviation

SE (s) = 0.6028

SE of SD

SE (σ) =

SE of Sample SD

SE (s) =

SE of Variance

SE (v) =

SE of Sample Variance

SE (S2) =

√𝑛
s
√𝑛

On Variables

SE of Coefficient of Skewness

SE of Pearson Correlation
SE of difference between two means

3.4

σ
√𝑛
σ
√𝑛
σ
√𝑛

σ
√𝑛

σ
√2𝑛
σ
√2𝑛
𝑣

√2/𝑛
𝑠2
√2/𝑛

SE (Coefficient of Skewness) = √
SE (r) =

3
2𝑛

1−𝑟 2
√𝑛

SE (𝑋̅1 – 𝑋̅2) =√

σ12
𝑛1

+

σ22
𝑛2

PROCEDURE OF HYPOTHESIS TESTING

The entire Hypothesis testing must follow the following steps:
1. Set up the two complementary hypothesis like Null Hypothesis (H ) and
alternative hypothesis (H ) depending upon the problems.
We can say:
0

1

H0: µ = µ0 or H1: µ ≠ µ0
or H1: µ > µ0
or H1: µ < µ0
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2. Determine the level of significance or confidence at which the hypothesis is to
be relied upon and tested. We can use 5 %v level but form a more accurate and
rigorous result 1 % is used. In the absence we can adopt 5 % Level.
3. Determine appropriate state statistics like SE Statistic, Z Statistic, T Statistic chi
square statistic and F Statistic etc. The choice of such a statistic depends on the
nature of distribution or size of sample.
 Like T test is suitable when sample size (n) is less than equal to 30
 Z Test is suitable when n >30
 Chi-Square is suitable when no assumption is made about the population
 F Test is suitable for testing variance ratio
4. Define critical regions based on alternative hypotheses like both sides, left side
and right side.
5. Obtain the value called Table Value /Critical Value on the basis given level of
significance.
6. Compute the observed value / Calculated Value on the basis of given
information.
7. Compare observed value with critical value.
8. If the observed value is less than (<) the critical value, the hypothesis is
accepted. If the observed value is greater than (>) the critical value, the
hypothesis is rejected.
9. Lastly, draw the conclusion in very simple language.
Limitations of Hypothesis Testing
Hypothesis testing suffers from certain limitations which are given below.
 Conclusions drawn are not certain but probable.
 Conclusions may not be real, sometimes illusory.
 Difference between hypothetical value and observed value cannot identify the
reasons for such variations.
 The outcome of the hypothesis is not the final decision; it needs further
interpretation for good judgment.
 Hypothesis is based on some assumptions which may not hold well always.
 Hypothesis based on logical procedure and requires large samples to get more
reliable results, but very sorry to note that most of the Hypothesis do not follow
such rational basis.
Application of Hypothesis Testing
At present hypothesis testing is widely applied in the field of Business, Economics,
Research and other social sciences. The following fields are well noted for its
application.
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o

o

o

3.5

In Research: Hypothesis testing is applied in scientific investigation
and research like:
 Theoretical Research
 Applied Research
 Conclusive Research
 Decisive Research
In Sample Attributes: Particularly in attributes testing hypothesis
testing is very much essential. The forms of attributes testing are
 Testing the difference in numbers
 Testing the difference in population
 Estimating the proportion value
 Estimating the sample size for population proportion
 Testing the difference between two proportions
In Sampling Variables: Both large and small sample variables are used
as a significant test of various differences between various statistics and
parameter values.

TESTING OF HYPOTHESIS - II

Testing of hypothesis can be done by the following ways:
 Test of Hypothesis in Sampling of attributes (so as to call as Z Test for
attributes)
 Test of Hypothesis in Sampling of variables of large sample is called Z Test.
 Test of Hypothesis in Sampling of variables of sample size called T Test.
 Non Parametric Test without making any assumption about the form of the
parameters of population called Chi Square Test.
3.5.1 Testing of Hypothesis in Sampling of Attributes (Z Test for Attributes)
Sampling of attributes means selecting of a certain size from the population consists of
presence or absence of a particular attribute (like Literacy, Blindness, Deafness etc.). It
is drawn on the principles of simple sampling to come to a conclusion about the
presence or absence of an attribute population. Drawing sample from the Universe is
called event presence of attribute / success is “P” and absence of attributes / Failure is q
which is (1-p), (symbolically 𝝰) and sample size is “n”.
Example: Out of 1000 students of a college 200 students need personal coaching.
Here total events taking place is 1000
Number of Students taking Coaching = m = 200
Probability of Students, taking coaching = P = 200/1000 = 0.2
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No of Students not taking coaching = n = 1000 - 200 = 800
Probability of Students not taking coaching = q = 800/1000 = 0.8
(Here total events = m + n)
Or q = 1-P = 1 - 0.2 = 0.8
Under such testing three situations can arise
 Test for difference in number of success
 Test for difference in proportion of success
 Test for difference between proportion
1. Test for difference in number of success. Procedure: From the given data
determine “n”, “p” and “q”. p and q can be calculated by applying simple
method like number of success divided by total number of events/ trials or
Number of Failures
Total Number of Events

2.
3.
4.
5.
6.
7.

8.

or p = (1-q), q = (1-p). Theory of probability, Binomial

Distribution, Poisson distribution can be applied for determination of p and q.
Locate observed value (0) generally given in the question and expected value
(E) to be calculated E = np for success
Find the difference between O and E
Calculate standard Error (SE) =√𝑛𝑝𝑞
Then calculate magnitude of difference observed so as to call calculated value
which is = Difference / SE or (O-E)/ SE
Determine critical value called table value at certain level of significance or
confidence like 1 % or 5 % vis`a`vis 99% or 95 %.
Compare the value as per (5) and (6) for the acceptance and rejection of
hypothesis.
 If the calculated value is less than the critical value hypothesis is
accepted.
 If the calculated value is more than the critical value hypothesis is
rejected.
Then draw the conclusion on the basis of acceptance and rejection of the
hypothesis.

Example 01: A Coin was flipped 20 times and the head came up 16 times. Test the
hypothesis at 5 % level of significance that the coin was not imbalanced.
Solution: Ho: The coin was not imbalanced
p = ½ Probability of Head
q = ½ Probability of Tail
Expected Probability of Head (Sucess) = E
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= np = 20 x ½ = 10
The number of success (head) = 0 = Given 16
Difference between O & E = 16 -10 = 6
1

1

Standard Error = SE = √𝑛𝑝𝑞 = √20 𝑥 2 𝑥 2 = √5 = 2.23
Magnitude of difference observed = Calculated Value =

𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑂 & 𝐸
𝑆𝐸

6

= 2.23 = 2.69 SE
At 5 % level of significance or 95 % level of confidence the critical values is 1.96 SE
(Table area distribution of normal curve)
Calculated Value 2.69 SE is greater than Critical Value 1.96 SE
Hypothesis is rejected
Hence we conclude that coin was imbalanced.
Example 02: In Sambalpur during corona, 4800 male and 4200 females were affected.
Can you confirm the hypothesis at 99 % level of confidence that males and females are
affected in equal numbers?
Solution:
H0: Males and Females were affected in equal numbers then p = ½ and q = ½, n =
Males + Females = 4800 + 4200 = 9000
E = Expected Value of Males affected = np = 9000 x ½ = 4500
O = Observed value of Males affected given = 4800 (Given)
Difference between O and E = 4800 -4500 = 300
1

1

SE = √𝑛𝑝𝑞 = √9000 𝑥 2 𝑥 2 = 47.43
Calculated Value = Magnitude of difference observed = Difference / SE = 300 / 47.43 =
6.33 SE
At 99 % level of confidence critical value is 2.58 SE
6.33 (Calculated Value) > 2.58 (Critical Value), Hypothesis is rejected
It is concluded that males and females are not affected in equal numbers.
ii) Test for difference in proportion of success.
Procedure remains same as (i) except calculation of SE which is, SE = √𝑝𝑞 / 𝑛
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Example 01: A manufacturing claims that 2 % of its products are defective. A random
sample of 50 products show that 2 products are defective. Test the claim of the
manufacturer at 95 % level of confidence.
Solution: H0: 2 % of Products are defective = p = 2/100 = 0.02 (E)
Proportion of defect in Sample = 2 / 50 = 0.04 (O)
Difference = p = 0.02 then q = 1-p = 1-.02 = 0.98
𝑝𝑞

0.02 𝑥 0.98

SE = √ 𝑛 = √

50

= 0.0198

Magnitude of observed difference
= Calculated Value = Diff / SE = .02 / 0.0198 = 1.01 SE
At 95 % level of confidence the critical value is 1.645 SE
Here 1.01 SE (Calculated Value) is less than 1.645 SE (Critical Value) hence
hypothesis is accepted.
Then it is concluded that manufacturer claim is sustained that 2 % of its products are
defective.
iii) Test of difference between two proportions where universes are similar.
Procedures remain same except calculation of SE which is SE (P1 –P2) = √𝑝𝑞 (

1
𝑛1

+

1
𝑛2

Here P = Pooled estimate of proportion in the population which can be calculated
Like P =

𝑛1𝑝1+𝑛2𝑝2
𝑛1+𝑛2

n1 = Sample size of 1st Sample
n2 = Sample size of 2nd Sample
p1 = Proportion of 1st Sample
p2 = Proportion of 2nd Sample
The difference between 0 and E is replaced by difference between P1 and P2 hence
difference is (p1 – p2) = or (p2 - p1)
Example: From a random sample of 5000 students of University I, 100 students
suffered from corona and from similar sample of 1000 students of University II 200
students suffered from corona. Test the hypothesis at 5 % significance that there is no
significant difference between such two universities so far as suffering from corona is
concerned.
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Solution:
Given n1 = 5000 n2 = 1000
n = n1+n2 = 5000 + 1000 = 6000
p1 = Proportion of corona affected in 1st University = 100 /5000 = .02
p2 = Proportion of Corona affected in 2nd University = 200 / 1000 = .02
p=

𝑛1𝑝1+𝑛2𝑝2
𝑛1+𝑛2

=

5000 𝑥 .02+1000 𝑥 .2
5000+1000

=

100+200
6000

300

= 6000 = .05

q = 1 – p = 1 -0.05 = 0.95
SE

1

(P1-P2)

1

1

1

6

= √pq (𝑛1 + 𝑛2) = √0.5 x 0.95 (5000 + 1000) = √0.475 x (5000) = √. 000057

= .0075
Difference = p2 – p1 + .2-.02 = 0.18
Calculated Value = Difference / SE = .18 / .0075 = 24 SE
Critical Value at 5 % level of confidence = 1.96 SE
24 SE > 1.96 SE, Thus hypothesis is rejected, Then we conclude that there is significant
difference between corona affected students of such two universities.
3.5.2 Test of Hypothesis in Sampling of Variables of Large Size – Z Test
A Sample is said to be large when size of sample is greater than 30 (n > 30)
For such testing such sample variables we follow the following procedure
Procedure of Hypothesis Testing
The procedure remains same as testing of sampling of attributes. But here instead of
attributes we can take statistic like mean, median, SD, MD, QD, Correlation
coefficients etc.
We can also apply different formula for calculation of SE as applicable for such
statistic


For Mean

Example 01: From a sample of 64 students the average marks was 85 %. The examiner
claimed that such students belong to JNU whose average standard of students was 90%
with standard deviation of 16 %. Test the validity of an examiner at 95 % level of
confidence.
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Solution: Given size of Sample = n = 64
Mean of Sample (𝑋̅) = 85
Mean of Population (µ) = 90
Standard Deviation of Population (σ) = 16
Let Ho: 𝑋̅ = µ
H1: 𝑋̅ ≠ µ
Standard error of Mean (S.E. 𝑋̅ ) =

σ
√

=
𝑛

16
√64

= 16 / 2 = 2

Difference between mean of sample and mean of population = µ - 𝑋̅ = 90 – 85 = 5
Calculated Value (Z) =

µ − 𝑋̅
𝑆𝐸

=

90−85
2

= 5/2 = 2.5 SE

Critical Value Z at 95 % level of confidence = 1.96 SE
Calculated Value 2.5 SE is greater than critical value (1.96 SE). Hypothesis is rejected.
Thus it is concluded that examiner’s claim is not valid.
Example 02:
A random sample of 81 students gives an average monthly expenditure of Rs 600 with
standard deviation of Rs 100. Determine the fiducial limits for the average monthly
expenditures of such students at 5 % level of significance.
Solution:
n = 81

𝑋̅ = 600

S = 100

At 5 % level the fiducial limits of population is 𝑋̅ ≠ 1.96 SE x
Now SE 𝑋̅ =

𝑆
√𝑛

=

100
√81

= 100 /9 = 11.11

Fiducial Limit (Upper) = 𝑋̅ + 1.96 SE(x) = 600 + 1.96 (11.11) = 600 + 21.78 = 621.78
Fiducial Limit (Lower) = 𝑋̅ – 1.96 SE(x) = 600-1.96 (11.11) = 600 – 21.75 = 578.22
ii) For Medians:
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A random sample of 100 persons gave median height 58 Lbs with standard deviation 4
Lbs only. Test the hypothesis at 5 % level that the median weight of the population is
60 lbs
Solution:
Given Sample size = n = 100
Median of Sample (m) = 58
Median of Population (M) = 60
Standard Deviation of Sample = S = 4
SE (m) = 1.2533

𝑠
√𝑛

= 1.2533

4
√100

= 1.2533 (4/10)

= 1.2533 (0.4) = 49.132
Calculated Value =

𝑀−𝑚
𝑆𝐸

60−58

= 49.132 = 2 / 49.132 = 0.041 SE

At 5 % level of significance the critical value is 1.96 SE
Now calculated value 0.041 SE < Critical Value 1.96 SE
Hypothesis is accepted. We conclude that median height of population is 60 Lbs
iii) For Standard Deviation:
A Sample of 900 students, the standard deviation of marks secured was calculated to be
5. From this can you say with conformity that SD of student’s population is 4?
Solution:
Given n = 900
Standard Deviation of Sample = S = 5
Standard Deviation of Population = σ = 4
Let H 0: S = σ
The SE (s) =

𝑆
√2𝑛

=

Calculated Value =

5
√2𝑥900
𝑆−𝜎
√𝑆𝐸

= 5 / 42.43 = 0.118

= 5-4 / 0.118 = 8.47 SE

At 1 % level (say) the critical value is 2.58 SE
8.47 SE (Calculated Value) > 2.58 SE (Critical Value)
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Hypothesis is rejected. It is concluded that SD of Marks secured of population is not 4.
v) For Coefficient of Variation
A Sample distribution of 450 items gives mean of 50 with SD of 10. Determine the
coefficient of variation of the sample and estimate the fiducial limits within which the
coefficient of variation of population would lie at 95 % level of confidence.
Solution: Given n = 50

𝑋̅ = 50

S = 10

Now coefficient of variation = CV =

𝑆
𝑋̅

x 100 = 10 / 50 x 100 = 20

At 5 % level of significance
The fiducial limits of population CV are given by CV ± 1.96 SE (CV)

Now SE (CV) =
=

20
√2(450)

𝐶𝑉
√2𝑛

. √1 +

√1 +

2(20)2
104

2(𝑐𝑣)2
104

= 0.667 √1 + 0.08

= 0.667 x 1.039 = 0.693

Required Fiducial Limits = CV ± 1.96 SE (CV)
= 20 ± 1.96 (0.693)
= 20 ± 1.358
Upper Limit = 20 + 1.358 = 21.358
And Lower Limit = 20 – 1. = 18.642
vi) For Correlation Coefficient:
A sample of 36 pairs relating to rainfall and temperature gives a correlation coefficient
of 0.95 from this can we hold at 1 % significance Level that the correlation coefficient
of population would be 0.90?
Solution:
Given n = 36 Coefficient of correlation of sample = r = 0.95
Coefficient of correlation of population = 0.90 = Y
Odisha State Open University, Sambalpur

Page 55

Ho: These is no significant difference between sample and population correlation
coefficient that is Ho: r = Y
SE(r) =

1−𝑟 2
√𝑛

=

1−(0.95)2
√36

Calculated Value = Z =

=

𝑟−𝑌
𝑆𝐸

1−0.9025

=

=

6
0.95−0.90
0.01625

0.0975
6

= 0.01625

= 3.08

Critical Value at 1 % level of significance = 2.58
Calculated Value 3.08 > Critical Value 2.58
Hypothesis is rejected, we cannot say that correlation coefficient of population is 0.90.
vii) For difference between two sample means:
For this purpose when two independent samples give two different mean values, the
calculation of SE will be done by the following models:
Models for Calculation of SE
Situation
When SD of Population is known

Model

When SD of population is not known

𝑆1
𝑆2
SE (𝑋̅1-𝑋̅2) = √(𝑛1 + 𝑛2)

1
1
SE (𝑋̅1-𝑋̅2) = √𝜎2(𝑛1 + 𝑛2)

Where σ = Standard Deviation of Population
n1 = Sample Size of 1st Sample
n2 = Sample size of 2nd Sample
S1 = Standard Deviation of 1st Sample
S2 = Standard Deviation of 2nd Sample
𝑋̅1= Mean of 1st Sample
𝑋̅2= Mean of 2nd Sample
Example (When SD of Population is known)
From a sample of 200 students from GM University, their monthly average expenditure
is Rs 1500 with SD of Rs 375. From another sample of 300 students of the same GMU
it was found that their average expenditure is Rs 1575 with SD Rs 225. Test the
hypothesis at 1 % significance Level that there is no real difference between the
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average expenditure of students in both samples when SD of students of GMUI is
known to be Rs 300 and when such SD is not known.
Solution:
Given
n1 = 200

n2 = 300
1

1

SE (X1-X2) = √𝜎 2 𝑛1+𝑛2 = √3002

and σ = 300
1
200

1

5

+ 300 = √3002 ( 600) = √750 = 27.39

Let Ho: µ = µ2 that is there is no significance difference between two mean expenditure
Calculated Value of Z at 1 % level of significance is 2.58 SE
2.74SE calculated value > 2.58 SE critical value hypothesis is rejected. Hence it is
concluded that there is a real difference between the average monthly expenditures of
students in two samples.
When SD of Population is not known
𝑋̅1 = 1500

n1 = 200
n2 = 300
S1 = 375 S2 = 225
2

2

𝑋̅2 = 1575

2

2

𝑆1
𝑠2
(375)
(225)
140625
50625
421875+101250
Now SE (𝑋̅1 - 𝑋̅2) = √ 𝑛1 + 𝑛2 = √ 200 + 300 = √ 200 + 300 = √
600

513125

=√

600

= √871.875 = 29.52

1575−1500
75
Calculated Value of Z = (𝑋̅1-𝑋̅2)/SE =
=
= 2.54 SE
29.52

29.52

Critical Value at 1 % level of significance is 2.58 SE
Calculated value of Z (2.54 SE) < Critical Value of Z (2.58 SE)
Hypothesis is accepted. Hence it is concluded that there is no real difference between
two average expenditure of students in such two samples.
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viii) For difference between two standard deviations
For such purpose the following models can be used for calculation of SE
Models of SE of difference between two standard deviations
Situation
Model
When standard deviation of the population
𝜎2
SE (S1-S2) =√2𝑛1 +
is known
When SD of population is not known
𝑠12
SE (S1-S2) =√2𝑛1 +

𝜎2
2𝑛2

1

= √𝜎2(2𝑛1 +

1

)

2𝑛2

𝑠22
2𝑛2

Example:
Features
Size
Mean
SD

Sample 1
400
20
3

Sample 2
600
21
2.5

Population SD = 2.75. Test the hypothesis at 1% significance level, both the samples
were drawn from the populations having same standard deviations
Solution:
When SD of population is not known
Given n1 = 4000 n2 = 6000, S1 = 3, S2= 2.5 𝑋̅1=20 𝑋̅2 = 21
Let H0: S1 = S2 that is both the samples are drawn from population having same
standard deviations.
𝑠12

Now SE (S1-S2) =√2𝑛1 +

𝑠22

32

= √2(400) +
2𝑛2

2.52
2(600)

9

= √800 +

6.25
1200

27+12.5

=√

2400

39.5

= √2400

= √0.0165 = 0.1285
Calculated value of Z =

𝑆1−𝑆2
𝑆𝐸

3−2.5

= 0.1285 = 3.89

Critical Value of Z at 1 % significance level = 2.58
Calculated value of Z (3.89) is more than critical value of Z (2.58)
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Hence the hypothesis is rejected. It is concluded that both the samples are not from the
population having the same standard deviation.
When SD of population is known
n1 = 400 S1 = 3
Let Ho: S1 = S2

n2 = 600 S2 = 2.5

σ = 2.75

As SD of population is given then
1

1

1

1

1

1

SE (S1-S2) = √𝜎 2 (2𝑛1 + 2𝑛2) = √(2.75)2 (2(400) + 2(600)) = √7.5625(800 + 1200)
5

= √7.5625(2400) = √0.0158 = 0.1257
Calculated Value of Z =

𝑆1−𝑆2
𝑆𝐸

3−2.5

= 0.1257 = 3.95

Critical Value of Z at 1 % level of significance = 2.58. Hence calculated value 3.95 is
greater than critical value 2.58. Hypothesis is rejected. Then we conclude that samples
are not from the population having same standard deviation.
3.5.3 Test of Hypothesis in Sampling of Variables of Small Size t Test.
A sample is called small sample when the sample size is less or equal to 30 that is n ≤
30 where n is the size of the sample. This is also called students test. Exact test is
known as small sample tests and approximate test is known as large sample test. When
Z test is not applicable for small sample only t test can be taken into consideration for
studying population mean.
Features of t- test:
 t Distribution shows symmetrical and its shape is bell shaped.
 The shape of the curve is determined by degree of freedom (v) or size of the
sample.
 It is higher than the normal distribution at both the tails of the curve but lower in
height at the point of mean.
 It has larger area at its tails
 Mean is always zero
 Variance is greater than 1
 It has a set of critical values
 The value ranges from negative infinity to positive infinity.
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Assumptions:
 Parent population is normal
 Samples are drawn at random
 Population SD is not known
Situations of application of T Test
 When there appears a difference in means
 Difference between two independent sample means
 Difference between two dependent sample means
 Difference in an observed correlation coefficient
1. When there appears a difference in means
Under such study test statistic of t distribution can be calculated. Such test statistic is
called the calculated value of “t”. The value of can be calculated by applying the
following models:
Model 01:

t=√

𝑋̅− µ
𝑆/√𝑛

Where t = test statistic of t distribution

𝛴𝑋
𝑋̅ = Mean of Small Sample = 𝑛

S = Standard Deviation of the Sample = √

2
∑(𝑋−𝑋̅)

𝑛−1

µ = Actual mean of the population otherwise called Hypothetical mean of population.
N = Sample Size
Model – II
t=√

𝑋̅− µ
𝑆/√𝑛−1

In this model notations used remain the same meaning but the calculation of sample
standard deviation (S) will be

S=√

̅ )𝟐
𝜮(𝑿−𝑿
𝒏
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After finding the value of ‘t’ by using the model our next step is to determine the
critical or expected value of test statistic ‘t’. Such can be possible by using t-table. Such
table was prepared by Prof. Fisher and Prof. Yates. The table is given in two forms like
i. One exclusive of both the tail.
ii.
Other exclusive of either of the tails area.
For the calculation of critical value of ‘t’ two things will be considered
a) Level of significance (α)
b) Degree of freedom (d.f) or (v)
a) Level of Significance: Degree of significance with which we accept or reject a
particular hypothesis. Generally 5% level of significance is considered but for more
precision and accurate 1% level of significance is taken into account. 5% level of
significance is same as 95% level of confidence similarly 1% level of significance is
equal to 99% level of confidence. The levels of significance can be represented as
“α”. At 5% level of significance our decision will be corrected to the extent of 95%.
Otherwise hypothesis will be rejected.
b) Degree of Freedom (d.f, v): For t-test, degree of freedom plays very important role
in the calculation of critical value. Now d.f is determined on the basis of constraints
used.
Simply d.f = (n-1) where “n” is the sample size.
If sample sizes are (n)
10
18
20
30
Then d.f will be (n-1)
(10-1)
(18-1)
(20-1)
(30-1)
=9
17
19
29
How to Follow T Table 2
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If two tailed table is referred then value of “t” for one tailed test can be located by
looking at the t-value for 2α (like 10% value of two tailed is equal to 5% value of one
tailed test.
Similarly at 1% level of one tailed = 2% for two tailed)
After calculating the observed value and determining the critical value we compare
such two values for taking decision either to accept or reject the hypothesis. Then draw
the final conclusion.
If observed/calculated value of t-distribution is < Critical/ Table value of t-distribution
Hypothesis is accepted.
In reverse that is calculated value is > Critical Value
Hypothesis is rejected.
Fiducial limits: When we desire to estimate the range of population mean at given
level of significance ( 𝛼 ) at degree of freedom (v) it is called fiducial limit. It is
estimated by the following model.
Range / Limits = 𝑋 ± 𝑡𝛼(𝑣)

𝑆
√𝑛

Here upper limit of the range = 𝑋 + 𝑡𝛼(𝑣)
And lower limit of the range = 𝑋 − 𝑡𝛼(𝑣)
Here

𝑆
√𝑛

𝑆
√𝑛
𝑆

√𝑛

is called standard error of the difference of mean

𝑋 = sample mean
𝑡𝛼(𝑣)= critical value of “t” at desired significance level ∝ for given degree of freedom
(d.f) => (v)
Such points will be cleared by the following examples:
Example 1: A sample of 30 girls married gives an average life of 50 years with SD of
10 years. From this we conclude at 5% significance level that the early married women
live upto 60 years on an average.
Solution: Given n = 30

𝑋 = 50 S = 10 µ = 60 𝛼 = 5% = 0.5 and d.f = (v) = n – 1
= 30-1 = 29

Let us set up Ho : 𝑋̅ = µ
H1 : 𝑋̅ ≠ µ
(One Tailed Test )
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By using model the value of t will be:

t=

𝑋−µ
𝑆
√𝑛−1

50−60

=

10
√30−1

=

10
10
√29

= 10 x

√29
10

= √29 = 5.385

Critical value of t for U = 29 and 𝛼 = .05 in onetailed test is 1.699 (from t table)
Calculated value of t 5.385 is greater than critical value of t 1.699. Null hypothesis is
rejected but alternative hypothesis is sustained. Hence it is concluded that early married
women live for less than 60 years.
Example 1: As per example 1 calculate the fiducial limits.
Upper limit = 𝑋 + t𝛼(𝑣)

𝑆
√𝑛

= 50 + 1.699 x

10
√30

= 50 + 1.699 x 1.82

= 50 + 2.99 = 52.99 = 53
Lower limit = 𝑋 - +𝛼U

𝑆
√𝑛

= 50 – 1.699 x

10
√30

= 50 – 1.699 x 1.82
= 50 – 2.99 = 47.01
(2) Where there appears a difference between two independent sample means
Under such case the relevant test statistic that is the calculated value of “t” will be
determined by applying the following model
𝑋̅1−𝑋̅2

t=

𝑠

x√

𝑛1𝑛2
𝑛1+𝑛2

OR

t=

𝑋̅1−𝑋̅ 2
1
1
+
𝑛1 𝑛2

𝑠√

Where 𝑋1 and 𝑋2 are two means of two samples respectively. n1 and n2 are sample
size of two samples but ‘S’ is the combined pooled standard deviation which should be
calculated by applying the following formula

S =√

𝛴 (𝑋1−𝑋̅1)+ 𝛴 (𝑋2−𝑋̅2)
𝑛1+𝑛2

OR

S =√

(𝑛1−1) 𝑠12 + (𝑛2−1) 𝑠22
𝑛1+𝑛2−2
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Where S1 = Standard deviation of sample 1
S2 = Standard deviation of sample 2
Example: M.Com classes of 1st year and 2nd year show the performance in Quantitative
Methods (QM) of OSOU are given below.
1st year
10
80
12

QM
No. of students selected at random
Mean marks
SD of marks

2nd year
12
75
9

Test the hypothesis at 95% level of confidence that students of 1st year are better than
those of the 2nd year.
Solution: Given Ẍ1 = 80
n1 = 10
S1 = 12

Ẍ2 = 75
n2 = 12
S2 = 9

95% level of confidence = 5% level of significance hence
5
𝛼 = 5% =
= 0.05
100
Degree of freedom = d.f = (V) = n1 + n2 – 2 = 10 + 12 -2 = 20
Let us take Ho: ̅
Ẍ1 = ̅
Ẍ2 that is there is no significance difference between the two
sample means
OR
H1: Ẍ1≠Ẍ2 (two tailed test)
The calculated value of ‘t’ is
t=

𝑋̅ 1−𝑋̅2
𝑆

𝑛1𝑛2

𝑥√𝑛1+𝑛2

Now we have to calculate the combined or pooled standard deviation (S)

=√

(𝑛1−1) 𝑠12 + (𝑛2−1) 𝑠22
𝑛1+𝑛2−2

By putting the relevant values

=√

(10−1) 122 + (12−1) 92
10+12−2

=√

9 𝑥 144+11 𝑥 81
20
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Now t =
=

5
10.457

𝑋̅1−𝑋̅2

𝑥√

𝑆
120
22

𝑥√

𝑛1𝑛2
𝑛1+𝑛2

=

80−75
10.457

𝑥√

10 𝑥 12
10+12

5

= 10.457 𝑥 √5.455 = 1.12

Determination of critical value of ‘t’ at 95% level of confidence (that is 5% level of
significance) (for d.f (V) 20) for two tailed test will be 2.086.
Now calculated value 1.12 < critical value 2.086
Hence Null hypothesis is accepted that students of 1st year are better than those of
students of 2nd year.
(3) Where there appears a difference two dependent sample means
Under such situation two samples are drawn in paired observations so that the second
sample depends on 1st sample. It is applied to test the effect of certain experiment on
such situation. In this type of situations every item shows two values one before and
another after the experiments and number of such pairs always within 30
Examples
 To study the effect of coaching on result
 To study the effect of advertisement on sales
 To study the effect of drugs on disease
Now we have to calculate the test statistic. That is the calculated value of ‘t’ by
applying the following model
t=

𝑑̅ 𝑥 √𝑛
𝑠

Where ͞𝑑 = Mean of the differences of paired values
n = number of pairs
s = Standard Deviation of the differences
Here S is to be calculated by applying the following formula
S=√

𝛴 (𝑑−𝑑̅ )2
𝑛−1

S= √

𝛴𝑑 2 −𝑛𝑑̅ 2
𝑛−1

OR
Example: The following is the information relating to the effect of advertisement
before and after on sales for the period of 6 months.
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Months
Before the advertisement
After the advertisement

Jan
10
11

Feb
11
12

Mar
9
8

April
12
10

May
8
17

June
13
12

At 10% level state whether the advertisement had any significant effect on sales or not.
Solution: Let us have H0: there is no significance difference that is d͞ = 0
By applying appropriate model the relevant test statistic that is the calculated value of
‘t’ will be
t = d͞ √𝑛
S
͞
The value of d can be calculated by the following way
̅) 𝟐
Sales before
Sales after
Difference = d d2
(𝒅 − 𝒅
Advertisement Advertisement (After-before)
10
11
11 - 10 = 1
1
1.369
11
12
12 - 11 = 1
1
1.369
9
8
8 - 9 = -1
1
10.049
12
10
10 - 12 = -2
4
17.464
8
17
17 - 8 = 9
81
46.649
13
18
18 - 13 = 5
25
8.009
2
n=6
Σd = 13
Σd = 113
Σ (𝑑 − 𝑑̅ ) 2 =
84.909
Mean of difference = 𝑑 = ∑d ÷ n = 13 ÷ 6 = 2.17
Standard deviation of differences = S
∑(𝑑− 𝑑)2

S =√

𝑛−1

84.909

=√

6−1

=√16.9818 = 4.12

Alternative formula can be applied to find the value of S but answer remains same that
is 4.12
Now we have 𝑑 = 2.17, S = 4.12 n = 6
𝛼 = Level of significance that is 10% = 0.1
d.f= degree of freedom = V = n – 1 = 6 – 1 = 5
The calculated value of t will be

t=

𝑑̅ 𝑥 √𝑛
𝑠

=

2.17 𝑥 √6
4.12

=

2.17 𝑥 4.49
4.12

=

5.31
4.12

= 1.2888

At 𝛼 = 0.1 and V = 5
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The critical value of t will be 2.015
Here calculated value 1.2888 is less than critical value 2.015. Null hypothesis is
accepted that is advertisement has no effect on sales.

(4) Where there appears a difference in the observed correlation co
efficient

In this situation the co efficient of correlation between two small samples is different
from that of their parent population the significance can be tested by t – test technique.
Under this technique the calculated value of‘t’ can be calculate by applying the
following model.

t=

𝑟
√1−𝑟 2

x √𝑛 − 2

Where r = coefficient of correlation of samples
n = sample size
n – 2 = degree of freedom = df = V
Example: A random sample of 25 pairs of values from normal population gives the
coefficient of correlation at -0.48. Test the hypothesis at 1% level that the coefficient of
correlation of variables in population is zero.
Solution: Given r = -0.48, n = 25
1

𝛼 = 1% = 100 = .01
df = v = n – 2 = 25 – 2 = 23
Let us have Ho: r (population) is zero
Calculated value of t

t=

=

𝑟
√1−𝑟

x √𝑛 − 2 =
2

−0.48 𝑥 4.796
√0.7696

=

−0.48

√1−(−0.48)

−2.302
.877

x √25 − 2 =
2

−0.48 𝑥 √23
√1−0.2304

= -2.625

Critical value of t when 𝛼 = .01 & v = 23 is 2.807 (two tailed test)
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Calculated value of t, -2.625 is less than critical value of t, 2.807. Null Hypothesis is
accepted. Difference is not significant that is coefficient of correlation in the population
is zero.
3.5.4 Non Parametric Test without Making Any Assumption about the Form of
the Parameters of Population.
Chi Square Test:
The test is designed to study the significant difference between observed frequencies
and relative expected frequencies of sample without any assumption about the
population. It is symbolically represented by Greek word χ2 (Chi-square) or (Ki
square). Such technique was developed by Prof Karl Pearson of England in 1900. It is
called non parametric test because it is not based on any assumption about parameters
of population.
Characteristics:
1. It is non-parametric test statistic which does not need any assumption about the
population values. Whereas T Test, Z Test and F Test are parametric test.
2. It analyses the difference between a set of observed values (O) and set of
corresponding expected frequencies (E). Here ‘E’ can be calculated on the
basis of appropriate theoretical distribution like binomial, poison or normal.
3. The calculated value of such differences between observed and expected is
compared with the critical value (Table Value) with reference to given degree
of freedom (d.f) and desired level of significance (α). Then conclusion is
drawn whether the difference is significant and has arisen due to fluctuation of
sampling.
Conditions for application of Chi Square Test:
Before application of such test the following conditions must be satisfied.
1. Frequencies are in original units not in relative units.
2. Total frequencies of the distribution is not less than 50
3. Expected Frequency of any item or cell is not less than 5, preferably more than
10. If less than 5, then adjustment can be done by pooling preceding and
succeeding frequencies to make it 5 and reducing degree of freedom (df) or (v).
4. Total observed frequencies (ΣO) and total of expected frequencies (ΣE) is equal
that is ΣO = ΣE
5. Each of the sample observations is independent
6. It is always ΣO = ΣE = N
7. No assumption is about population and parameters of population
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8. Parametric test like T Test, Z Test and F Test cannot be applied in the problem
under study.
Uses of Chi Square Test:
The important uses of Chi Square Test are as follows:
1. It is used as a test for goodness of fit in case of variable only.
2. It is used as test of independence of attributes in case of two or more ways of
classification in form of contingency table relating to several attributes.
3. It is used to test the population variance on the basis of assumption that
population in normally distributed.
4. It is used as a test of homogeneity that is to determine whether the two or more
sample drawn from same population or different population.
Limitations of Chi Square Test:
Chi Square Test suffers from certain limitations which are given below:
1. It is not as reliable as parametric test is. Its uses are avoided where parametric
test like T Test, Z Test and F Test are used.
2. It’s used are restricted because of certain conditions being full filled.
3. Models for calculations of Chi Square Value may fail in case of original values
converted into relative values like proportions, percentages or rates.
Procedure of Chi Square Test Analysis:
1. Set up Null Hypothesis that there is no significant difference between observed
values and expected values.
2. Arrange the observed values in columns and represented by (O).
3. Find the expected value or frequency in the appropriate manner and denote
them by (E). For calculation of the values of ‘E’ we can apply Binomial, Poison
or Normal Distribution.
But in case of 2 x 2 Table, Calculations of Chi Square value can be done by the
following:

χ

2

= Chi Square =

𝑁[ 𝑏1𝑐2−𝑐1𝑏2]2

2 x 2 Table
b1
b2
c1
c2
T1
T2

𝑇1 𝑇2 𝑇𝑏 𝑇𝑐

Tb
Tc
N
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4.
5.
6.
7.

Find the difference between O and E, that is (O-E)
Square up the difference (O-E)2
Divide such (O-E)2 by E like (O-E)2 / E
Find the total of (O-E)2 / E which is ∑(O − E)2 / E

Now chi square = χ2 =∑(O − E)2 / E
When expected frequencies “E” becomes fraction, the calculation of Chi Square
becomes tedious. Then the following alternative may be used to calculate the value of
Chi Square.

∑

𝑂2
𝐸

-N

8. Obtain the critical value by following Chi Square Table with reference to degree
of freedom and desired level of significance (Say 5 % or 1 %).
9. Draw the conclusion by comparing calculated value of Chi Square and critical
value of Chi Square.
In order to be familiar with the procedure of Chi Square testing for the following
example can be taken into account.
Example: A manufacturing unit has 7 divisions for selling its products. The detail
information is given below.
Division
1
2
3
4
5
6
7
1000
800
1300
700
1400
1000
No of Units Sold 1500
Test the hypothesis that all seven division have equal sales potential at 5 % level of
significance.
Solution: H0: Such that all the seven divisions have equal sales potential.
Computation of the calculation Value of χ2
Divisions
1
2
3
4
5
6
7

Observed Sales
1500
1000
800
1300
700
1400
1000
Σ O = 7700

Expected Sales
1100
1100
1100
1100
1100
1100
1100

O-E
400
-100
-300
200
-400
300
-100

(O-E)2
160000
10000
90000
40000
160000
90000
10000

(O-E)2 / E
145
9
82
36
145
82
9
∑

(𝑶−𝑬)𝟐
𝑬

= 508

N=7
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E=

ΣO
𝑁

= 7700 / 7 = 1100

Calculated Value of χ2 =∑(O − E)2 / E
Degree of Freedom = v = N-1 = 7-1 = 6
Level of Significance = 5 % = 5/100 = 0.5 = α
So critical value of Chi Square at 5 % level of Significance with 6 as degree of freedom
is 12.592
Here calculated value 508 is more than the critical value 12.592 shows that difference
between observed value and expected value is significant, hence hypothesis of seven
divisions have no equal sales potential
Methods of Finding Expected Value
If items have been arranged in 2x2 form or 2 x n form (Called Contingency Table). The
method of finding expected values of items can be done by applying the following
model
E=

𝑇𝐶 𝑥 𝑇𝑅
𝑁

When E = Expected Value of an item
TC = Total of Column of Item
TR = Total of Row items
N = Grand total of all items
This method is called logical method
Example:
Attributes
Good
Bad
Total

Observed Values
Good
Bad
21
29
39
61
60 (Tc)
90 (Tc)

Expected Value E =

Total
50
100
150

(TR)
(TR)

𝑇𝐶 𝑥 𝑇𝑅
𝑁
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For Item 21, E =

For Item 29, E =

For Item 39, E =

For Item 61, E

=

60 𝑥 50
150
90 𝑥 50
150

= 20
= 30

60 𝑥 100
150
90 𝑥 100
150

= 40
= 60

Under such method the degree of freedom = V = (r-1) (c-1)
Where r = Number of Rows and C = Number of Columns
In this example degree of freedom = v = (2-1) (2-1) = 1
Chi-square Test for Independence of Attributes
In case of Contingency Table of Order 2 x 2 or n x n it is essential to test a null
hypothesis that the attributes under consideration are independent or dependent. IN
such type of problem we have to calculate the expected value ‘E’ by following the
Model like E =

𝑇𝐶 𝑥 𝑇𝑅
𝐸

Then Chi Square can be determined by applying the following formula

χ2 = ∑
χ2 = ∑

(𝑂−𝐸)2
𝐸
𝑂2
𝐸

-N

Sometimes calculation of Expected Value is not required but we have to find out the
value of χ2 by applying the following formula (called Direct Method)
E=

(𝑏1𝑐2 𝑥 𝑐1𝑏2)2
𝑇1 . 𝑇2 . 𝑇𝑏 . 𝑇𝑐

Where T1 = Total of Column 1st
Where T2 = Total of Column 2nd
Tb = Total of Row 1st
Tc = Total of Row 2nd
N = Grand Total
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Example: Two groups of 50 handicaps each were taken to study the association of
blindness with deafness and observations were tabulated as under
Attributes
Deaf
Not Deaf
Total

Blind
10
30
40 (Tc)

Not Blind
40
20
60 (Tc)

Total
50 (TR)
50 (TR)
100 (N)

Solution: H0: The attributes of blindness and deafness are independent and they are not
associated
Determination of χ2 under expected value method.
Calculation of Expected Value (E)
E=

𝑇𝐶 𝑥 𝑇𝑅
𝑁

Attributes
Deaf

Blind

Not Blind

40 𝑥 50

60 𝑥 50

100
40 𝑥 50

Not Deaf

100

Total

= 20
= 20

=30

100
60 𝑥 50
100

40

Total
50
50

= 30

60

100 (N)

Calculation of χ2
Observation
(O)
10
40
30
20

Expected
Values (E)
20
30
20
30

(𝑶 − 𝑬)𝟐
𝑬
5.00
3.33
5.00
3.33

(O-E)2
100
100
100
100
∑

(𝑶−𝑬)𝟐
𝑬

= 16.67

By applying the model =

χ =∑
2

(𝑂−𝐸)2
𝐸

= 16.67 = 16.7 (Approx.)
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(ii) Calculation of the Value of
Direct Method.

χ2 =

χ2 without the help of expected value which is called

𝑁[ 𝑏1𝑐2−𝑐1𝑏2]2
𝑇1 𝑇2 𝑇𝑏 𝑇𝑐

Now observed values are arranged in 2 x 2 contingency table like
10 (b1)
30 (c1)
40 (T1)

40 (b2)
20 (c2)
60 (T2)

50 (Tb)
50 (Tc)
100 (N)

Putting such values

χ2 = 100
=

10000
24∗25

[10𝑥20−30𝑥40]2
40 ∗ 60 ∗ 50 ∗ 50

=

400
24

=

50
3

=

[200−1200]2
40 ∗ 60 ∗ 50 ∗ 50

=

100 [−1000]2 100∗1000000
2400∗2500

2400∗2500

= 16.67 (Approx.)

Under both the methods of χ2 value remains same
Calculation of Critical Value of χ2
We have degree of freedom = v = (r-1) (c-1) = (2-1) (2-1) = 1
Level of Significance = 5 % = 0.05
So the critical value of χ2 at 0.05 and v = 1 is 3.84
Interpretation:
Calculated Value of χ2 (16.7) is more than critical value of χ2 (3.84)
Therefore the Hypothesis is rejected, which shows that two attributes (Blindness and
Deafness) are not independent and closely associated with each other.
YATE’s Correction:
This correction is necessary when the following conditions are present:
i.
ii.

2 x 2 contingency table having df (v) = 1
Anyone of the expected cell frequency is less than 5

Odisha State Open University, Sambalpur

Page 74

Procedure of Calculation of Correct χ2 (c)


Yate’s Correction Model (Expected Value ‘E’ and Incorrect Observed Value
‘O’)

χ2 = ∑

(𝐼 𝑂−𝐸 𝐼±0.5)2
𝐸

If difference between O & E is positive in cell 0.5 will be added with such difference
similarly: If difference between O & E is negative in cell 0.5 will be deducted from
such difference.
 When correct observed value with expected value are taken into account.

χ2 (c) = ∑


χ

2

(c)

𝐼 𝑂−𝐸 𝐼 2
𝐸

Where E = Expected Value, O = Corrected Value

Without Expected Value (Snedecare’s Correct Model )

=

𝑛
2

[ 𝑏1𝑐2−𝑐1𝑏2 ± ] 2

𝑇1 𝑇2 𝑇𝑏 𝑇𝑐

Example: Calculate the value of correct
immunization of persons from ‘Corona’.
Corona
Taking vaccine
Not taking vaccine
Total

Affected
4
6
10

χ2

from the following data related to

Not affected
20
50
70

Total
24
56
80 (N)

Solution: Calculation of Expected value
E=

TC X TR
N

Expected Values are
Serum / Corona

Affected

Not affected

Taking

10 ∗ 24

70 ∗ 24

80

Not taking

10 ∗ 56
80

Total

=3

=7
10
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From such expected value table item ‘3’ is less than 5 and the problem comes under
contingency 2 x 2 it is necessary to apply Yate’s “Correction for Continuity” in the
observed data.

Corrected Observed Values
Serum / Corona

Affected

Not affected

Total

Taking

4 + 0.5 = 4.5

20 − 0.5 = 19.5

24

Not taking

6 − 0.5 = 5.5

50 + 0.5 = 50.5

56

10

Total

70

80 (N)

Calculation of correct χ2 under different models
Yate’s Correction Model (Expected and incorrect observed values)

i.

Formula is χ2 (c) =

| 𝑂−𝐸 | ± .5

∑(

𝐸

)²

Corrected Observed Values

Expected Frequency

(O)

(E)

4

| 4−3 |+ .5

3

20

(

21

6

1.5 2

| 𝑂−𝐸 | ± .5
𝐸

)²= (

=

2.25
3

3

+

) + (

2.25
21
1

+
1

−1.5

21

21

)² = (

| 6−7 | − .5

−1.5

7

7

(

)² = (

| 50−49 | + .5

49

∑(

3

1.5

)² = ( 3 )²

| 20−21 | − .5

(

7

50

| 𝑶 − 𝑬 | ± .𝟓
(
)²
𝑬

(

−1.5 2
21

2.25
7

−1.5 2

) + (

+

1

= 2.25 (3 + 21 + 7 +

7

49

)²

)²

1.5

) ² = ( 49 ) ²

1.5

) + ( )²
49

2.25
49
1
49

)

= 2.25 (49+7+21+3
)
147
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= 2.25 x

80
147

180

=

147

= 2.04
OR
ii.

When corrected observed value with expected value taken into account.

Corrected Observed Values

Expected

(O)

Frequency (E)

4.5

3

| 𝑶 − 𝑬 |²
𝑬

| 4.5−3 |²
3

21

19.5

=

| 19.5−21 |²
21

7

5.5

| 5.5−7 |²
7

49

50.5

| 50.5−49 |²
49

χ² = ∑
=

2.25
3

=

(1.5)2
3

=

=

3

(−1.5)2

7

=

(1.5)2
49

2.25

=

21

(−1.5)2

=

2.25

21

2.25

=

7
2.25
49

| 𝑂−𝐸 |²

+

𝐸
2.25
21

1

1

+

2.25
7
1

+

= 2.25 (3 + 21 + 7 +

2.25
49
1

49

)

= 2.25 (49+7+21+3
)
147
= 2.25 x
=

80
147

180
147

= 2.04
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iii) Without expected value (Snede Carel’s Correct Model)
Total
4 (b1)

20 (b2)

24 (Tb)

6 (c1)

50 (c2)

56 (Tc)

10 (T1)

70 (T2)

80 (N)
𝑛
2

[ |𝑏1𝑐2−𝑐1𝑏2 | ± ]2

Chi Square =

𝑇1 𝑇2 𝑇𝑏 𝑇𝑐
80

80∗ [ |4∗50−6∗20 | ± 2 ]2
10 𝑥 70 𝑥 24 𝑥 56

=

80 𝑥 120 𝑥 120
10 𝑥 70 𝑥 24 𝑥 56

=

80∗ [ |200−120 | ± 40]2
10 𝑥 70 𝑥 24 𝑥 56

= 60 / 49 = 2.04

All the above three methods the Chi square value remains same that is 2.04
Cell Pooling:
According to the conditions/ features of χ2 Test the cell size should be large enough of
at least 5 or more. When contingency table contains one or more cells with expected
frequency of less than 5 it requires cells pooling. Under cells pooling, we can combine
(group) two or more rows or columns to make the cell its magic number 5 or more than
5 before calculating χ2 value. Particularly in (2 x 2) contingency table cells pooling will
not be applied but Yate’s correction can be applied for calculation of Chi Square Value.
Example:
From the following information make cells pooling determine revised frequencies.
Degree of
Acceptance
Strong
Moderate
Poor
Total

South
30
15
5
50

North
25
15
10
50

Region
East
20
20
0
40

West
30
20
0
50

Total
105
70
15
190 (N)

This table is 3 x 4 type three rows and four columns
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Solution: Row 1 and Row 2 contains elements in cells which fulfill the magic number
5 or more than 5 (Strong and Moderate Rows) but Row 3 that is poor row contains in
cell except (10) and (5) like ‘0’, which are below magic number less than 5 hence in
order to make magic number we have to combine Row 2 with Row 3 that is moderate
row with poor row by the following way:
Revised/ pooling observe frequencies to get revised observed frequencies
Degree of
Acceptance
Strong
Moderate &
Poor
Total

South
30
15+5 = 20

Region
North
East
25
20
15+10 = 25 20+0=20

West
30
20+20=20

Total
105
85

50

50

50

190 (N)

40

After cells pooling the expected frequencies can be calculated by applying the
following model
E=

𝑇𝐶 ∗ 𝑇𝑅
𝑁

by taking the figure in the revised observed frequencies.

Then after we can calculate the value of 𝑥 2 by applying the formula
𝑥 2 = ∑ (O – E) 2 ÷ E
Chi square test for Goodness of fit
𝑥 2 – Test for goodness of fit was developed by Prof Karl Pearson. In probability
distribution, Binomial distribution, Poisson distribution & normal distribution have
been discussed. Under chi square distribution we can decide whether a particular
probability distribution like binomial, Poisson or normal distribution is appropriate
probability distribution or not.
The chi square test procedure used for this purpose is called goodness of fit test. This
test can indicate whether there is a significance difference between an observed
frequency distribution. Here the expected frequencies ‘E’ can be determined by
binomial model or poison model or normal model.
Chi Square Test for Goodness of fit (Binomial Distribution)
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Example: 3 coins tossed 130 times, the number of heads coming up each time were
observed as follows
No. of heads
Frequency

0
10

1
40

2
60

3
20

Total
130 (N)

Use 𝑥 2 statistic test the hypothesis that the coins were balanced.
Solution:
Hypothesis proposed: The coins were balanced. It implies that probability of getting
heads in a single throw is ½ & that of not getting is ½
Given p = ½ Probability of heads
q = ½ probability of not head which is tail
n = 03
N = 130
By using binomial model N [ncr prqn-r]
We can get the expected value (E)
Expected probabilities:
r = 0, heads = 130 [3c0 (1/2)0(1/2)3-0] = 16
r = 1, heads = 130 [3c1 (1/2)1(1/2)3-1] = 49
r = 2 heads = 130 [3c2 (1/2)2(1/2)3-2] = 49
r = 3 heads = 130 [3c3 (1/2)3(1/2)3-3] = 16
Alternative:
No. of heads

Observed frequency

0
1
2
3
Total

10
40
60
20
130

Binomial probability Expected
for table
frequency
0.125
0.125*130=16
0.375
0.375*130=49
0.375
0.375*130=49
0.125
0.125*130=16

After finding the expected theoretical probability then observed probabilities &
expected probability are shown in columns as follows for the purpose of calculation of
chi square.
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Observed
frequencies (O)
10
40
60
20
130

Expected
frequencies (E)
16
49
49
16
130

(O-E)

(O – E)2

(O – E)2/E

-6
-9
11
4

36
81
121
16

2.25
1.65
2.47
1.00
∑(O – E)2/E = 7.37

Calculated value of X2 = ∑ (O – E)2 / E = 7.37
Critical value of X2 at 5% level of significance with degree of freedom = n-1 = 4-1 = 3
(0, 1, 2, 3 Here n = 4 heads) is 7.815
Calculated value of X2 is that is 7.37 is less than critical value of X2 that is 7.815
hypothesis is accepted that is the coins were balanced.
X2 test for goodness of fit (Poisson distribution)
Example: The observed frequencies of a distribution is given below:
No. of defects 0
1
2
3
4
5
No. of units

616

70

10

2

1

1

Total N = 700

Fit a Poisson distribution to the above data
Given that the mean of the Poisson distribution is 0.15. Ascertainment whether the
observed frequencies are consistent with the Poisson distribution at 5% level of
significance of the X2 - test
By fitting the Poisson distribution the expected frequencies can be calculated by the
following way.
No. of
defects
0

Poisson model
N P(r)
N P(0) = N 𝑒̅ m = 700 x 𝑒̅ .15 = 700 x .8607

Expected
frequencies
602.49

𝑚

90.37

1

N P(1) = N P(0)

2

N P(2) = N P(1)

3

N P(3) = N P(2)
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= 602.49 x

𝑚
2
𝑚
3

= 90.37 x
= 6.78 x

.15
1
.15

6.78

2
.15

0.34

3
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4

N P(4) = N P(3)

5

N P(5) = N P(4)

𝑚
4
𝑚
5

= 0.34 x
= 0.01 x

.15

0.01

4
.15

0.00

5

699.99

Total

Determination of calculated value of 𝝌𝟐
No. of
heads
0
1
2
3
4
5
Total

Observed
Frequencies(O)
616
70
10
14 Cells
2
Pooling
1
1
N = 700

Expected
Frequencies(E)
602.49
90.37
6.78
0.34
0.01
0.00
699.99

𝑶𝟐
𝑬
379456 629.81
4900
54.22
𝑶𝟐

7.13
Cells
Pooling

196

27.49
𝑂2

∑ 𝐸 =
711.52

Cells pooling
𝑂2

Calculated value of 𝜒 2 = ∑ 𝐸 – N
= 711.52 – 700 = 11.52
Calculation of critical value of 𝜒 2 at 5% level of significance when d.f = (v)
=n–2=3–2=1
(Where n = 3 as it is reduced from 6 by way of cells pooling)
So critical value of 𝜒 2 is 3.84 (at 5% level when v = 1)
Calculated value of 𝜒 2 (11.52) is more than critical value of 𝜒 2 (3.84). Hypothesis is
rejected so observed frequencies are not consistent with Poisson distribution.
𝝌𝟐 -test for Goodness of Fit (Normal Distribution)
Example: For the purpose of liquidity a bank manager is interested to know whether
the average deposits of a customer is normally distributed with mean Rs. 15000 and
standard deviation Rs. 6000. The following information is available.
Deposits (Rs.)
No. of
depositors

Less than
10000
30

10000 - 20000
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More than
20000
40

Total (N)
150
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Calculate 𝜒 2 statistic and test whether the data follows normal distribution with mean
Rs. 15000 and standard deviation Rs. 6000 at 10% level of significance.
Solution:
Upper limit of
Deposit Range
(X)

Area left
to X

Area of Deposit
Range

Expected
Frequencies (E)

10000

Z = Normal
deviate
𝑋−15000
= 6000
-0.83

0.2033

0.2033

20000

.83

0.7967

More than
20000

∞

1.0000

0.5934 (0.7967 0.2033)
0.2033 (1 0.7967)
1

.2033 x 150 =
30.5
.5934 x 150 =
89.01
.2033 x 150 =
30.50
150

Total

Calculation of 𝝌𝟐
Observed
frequencies(O)
30
80
40
Total = 150

Expected
frequencies(E)
30.5
89.01
30.5
150

O-E

(𝑂 − 𝐸)2

-0.5
-9.01
9.5

0.245
81.1801
90.345

(O – E)2
𝐸
0.0080
0.912
2.9626
𝜒 2 = 3.8827

Here n = 3 d.f = n – 1 = 3 – 1 = 2 and level of significance = 10% = 0.1
The critical value of 𝜒 2 will be 4.605. Here calculated value (3.8827) is less than
critical value (4.605).
Hypothesis is expected and concluded that the data are described by normal distribution
with mean 15000 and standard deviation is 6000.
3.6

LET US SUM UP

The characteristics of population will be known with the help of studying sample. The
process is known as Test of Hypothesis, while testing hypothesis two types of errors
Type I Error and Type II Errors can be raised. With the help hypothesis the conclusion
can be drawn by comparing the calculated value and critical value. For this purpose
variables, attributes, degree of freedom, Level of Significance can be used. Both
categories of Sample size and large sample are tested. With the help of T Test for small
samples and Z Test for large samples the procedure can be carried out. Over and above
the parametric test (T Test & Z Test) another test that is Chi square test is followed for
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non-parametric variables where no assumption about population will be required. Chi
square test is accompanied by contingency table, Yatel’s correction, cell pooling and
test for goodness of fit.
3.7

KEYWORDS























Alternative Hypothesis: Presented by H1 contradicting a null hypothesis.
Composite Hypothesis: Which does not completely specify the distribution of
population.
Critical Region: Which is called rejection region. It is a part of sample size.
Level of Significance: Probability of type-I error and denoted by (α) like 0.01
or 0.05.
Null Hypothesis: Assumption or statement regarding parameter, which is called
no significance difference between statistic and parameters.
Parameters: Central and dispersion values of population.
Statistic: Central and dispersion values of population.
Standard Error (SE): It is the standard deviation of Sample distribution.
Simple Hypothesis: Hypothesis in which population is completely specified.
Type I Error: Error committed by rejecting a null hypothesis which is true in
fact. Denoted by Alpha (α).
Type II Error: Accepting a null hypothesis which is false in reality. It is
denoted by Beta (β).
Tailed Test: Region of Rejection shown on Tails (Either Left Tail or Right Tail
or both) is called test.
Chi square Distribution: Non parametric test statistic which does not need any
assumption about population.
Degree of Freedom (df) (v) : Number of Observations, Number of Constraints
Fiducial Limits: To estimate the range of population means at given level of
significance at a degree of freedom.
Large Sample: Sample size (n) is more than 30
Paired Sample: Used foe Dependent Sample.
Small Sample: Sample size (n) is less than equal to 30.
T-Distribution: It is used to test the significance difference in small samples.
Adequate Cell Size: To avoid making incorrect inferences in chi square test
any cell should have minimum 5.
Cell Pooling: If expected frequency in cell or cells in contingency table
contains less than 5 we combine rows or columns before calculating Chi Square.
Expected Frequency (E): Hypothetical data in the cell is called expected
frequency.
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3.8

Goodness of Fit: Chi Square is used for validation of our assumption about
probability distribution is called goodness of fit.
Observed Frequency: Actual cell frequencies are called observed frequencies.
Yate’s Correction: If any one or more of the expected frequency in 2 x 2
contingencies table is less than 5 Yate’s correction is applied.
FURTHER READINGS








3.9

Mishra Business Research Methods, Oxford University Press.
Business Research Methods and Project work, Priyaranjan Dash, Vrinda
Publications (P) Ltd
Business Research methods, S.C. Agarwal, V.K. Global Pub. Pvt. Ltd., New
Delhi.
Upgrade & Shende – Research Methodology – S. Chand
A.K.P.C. Swain, Business Research Methods and Project work, Kalyani
Publishers, New Delhi
Dangi, H.K. Business Research methods, Cengage Learning
Chawla Deepak – Research Methodology – Vikash Publication
TERMINAL QUESTIONS

1.
2.
3.
4.
5.

Define Hypothesis and discuss its essential features.
Distinguish between Type I Error and Type II Error.
Distinguish between One Tailed Test and Two Tailed Test.
Write down different types of Hypothesis that can be set up.
Write short notes on
a. Level of Significance
b. Sampling Distribution
c. Critical Values
d. Standard Error
6. Discuss in detail the procedure of Hypothesis Testing.
7. Explain how you would test for population mean.
8. Describe the different steps for testing the significance of population proportion.
9. Discuss the limitation and application of Hypothesis Testing.
10. Outline the features of T-Distribution. Write down its assumptions and
application.
11. Distinguish between large sample and small sample.
12. Define Chi Square and analyze its essential characteristics.
13. Discuss the various uses and limitations of Chi Square Test.
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14. Enumerate the various conditions necessary for application if Chi Square Test.
15. What is chi square test for goodness of fit? State the condition for validity of
such test.
16. Explain the procedure of Chi Square test for independence of attributes.
17. When do you use Yate’s Correction? Explain the procedure by citing an
example at your own.
18. What do you mean by cell pooling? When do you pool rows or columns while
applying chi square test. What are its limitation?
19. Write short notes on
a. Contingency Table
b. Yate’s Correction
c. Chi Square test of goodness of fit
d. Cell Pooling
20. A coin was tossed 400 times. If heads turn up 220 times, would you consider at
5 % level that the coin was imbalanced? (Ans : Z = 2, Yes)
21. A die is thrown 59215 times out of which six appears 9500 times. Would you
consider the die to be unbiased? (Ans: NO, Z = -4.113)
22. In a sample of 200 TV viewers, 680 watched a particular TV program. Find the
99 % confidence limits for the percentage of all viewers who watched the
program. (Ans 30.13 % and 37.87 %)
23. The birth register of a municipality reveals that in a week 2400 males and 2600
females were born. Do these figures support the hypothesis that the sex
proportion is ½ at 5 % level of significance? (Ans: Calculated Value 2.82 SE,
Not support that sex proportion is ½ )
24. From the following observations state if the difference between the two
percentages of smokers can be contributed to fluctuations of sampling.
Excise Duty
Before Increase
After Increase

Size of Sample
500
600

% of Smoker
80
67

Given the magnitude of the expected difference at 99.73% level = 3 SE
(Ans: Z = 4.87 SE, Decrease in percentage of smokers after increase in excise duty)
On Large Size Sample:
25. A Sample of 50 items is taken from a normal population with mean 5 and
standard deviation 3. The sample mean comes out to be 4.38. Can be the sample
regarded as truly random sample.
(Ans: NO, z = -1.532)
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26. The mean life of 500 bulbs obtained as a random sample was found to be 900
hours with standard deviation 300 hours. Test the hypothesis that the mean life
is less than 900 hours at 5 % level of significance (Ans : Yes, Z = -3.7268)
27. From a sample of 900 items SD is calculated as 5. The SD of population is 4.
Test the hypothesis at 95 % level of Confidence. (Ans: Z = 8.47, we cannot say
with certainty that SD of population is 4)
On Small Sample T Test
28. A Random sample of 20 from normal population gives a mean of 42 with S.D
of 6. Test the hypothesis that the population means is 44. (Ans: t = 1.49, Yes).
29. A particular study center under OSOU has 500 students. The heights (in cm) of
11
students
chosen
at
random
provides
the
following:
175,173,165,170,180,163,171,174,160,109 and 176. Determine the limits of
mean height of students of that study center at 1 % level of significance. (Ans
164.6038 and 176.4870)
30. The IQ of 14 students from OSOU showed a mean of 112 with S.D of 8 while
IQ of 16 students from IGNOU showed a mean of 107 with SD 10. Test the
significance of difference the students of the two open universities at 5 % level
of significance. (Ans: t=1.49, Not Significant)
31. A study height of 27 pairs of spouse gives a correlation coefficient of 0.58. Test
the hypothesis at 5 % level that the variables in the population have no
correlation at all. (Ans : t = 3.56, Variables in population have some correlation)
32. The number of accidents during a week in SBP were as follows:
Days
Sun Mon Tue Wed Thu Fri Sat
24
28
32
18
28
22
Frequency 16
Calculate Chi Square and test the goodness of fit at 5 % level of significance.
(Ans: Chi-square = 8.335, Accidents are uniformly distributed)
33. 4 coins were tossed 160 times and following results were recorded
No of Heads
0 1
2
3
4
17 52 54 31 6
Frequencies
Calculate Chi-square and test the goodness of fit assuming the coins unbiased
(Ans: Chi-square = 12.73)
34. A typist in a company commit the following mistakes in typing
No of Mistake per page
No of Pages

5
0
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4

3
15

2
48

1
142

0
223
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Fit a poison distribution and using Chi Square Test verify the goodness of the fit.
35. In an experiment of vaccination of Corona, the following observations were
noted.
Died
Survived
2
10
Vaccinated
6
6
Not Vaccinated
Using Chi Square test draw your conclusion on the efficacy of the inculcation of
the vaccine in controlling Corona (Ans: Chi Square = 1.69)

Odisha State Open University, Sambalpur

Page 88

UNIT 04

LINEAR REGRESSION ANALYSIS

Structure
4.0
Learning Objectives
4.1
Introduction
4.2
Linear Regression
4.2.1 Characteristics of regression analysis
4.2.2 Uses of regression analysis
4.2.3 Limitations of regression analysis
4.3
Types of regression analysis
4.3.1 Simple and multiple
4.3.2 Linear and non-linear
4.3.3 Total and partial
4.4
Methods of simple regression analysis
4.4.1 Graphic method
4.4.2 Algebraic method
4.5
Regress coefficients
4.5.1 Properties of regression coefficients
4.6
Standard error of Estimate
4.6.1 Explained, Unexplained Variation and Total Variation
4.6.2 Coefficient of determination
4.7
Difference between Correlation and Regression
4.8
Let us sum up
4.9
Keywords
4.10 Further Readings
4.11 Terminal Questions
4.0

LEARNING OBJECTIVES

After successful completion of this unit you should be able to
 Use the regression in estimating the relationship between dependent and
independent variables
 Use the least squares criterion to estimate the model parameters (equation to
forecast future values of the dependent variable)
 Determine the standard errors of estimate of forecast and estimated parameters
 Estimate and establish confidence intervals for the forecast values and estimates
of parameters
 Distinguish between correlation and simple regression

Odisha State Open University, Sambalpur

Page 89

4.1

INTRODUCTION

In business a series of data have been generated relating to production, sales,
advertisement publicity, finance and HRM. Such data may be used to know about the
system. Decision makers and researchers are interested in knowing whether a
relationship exists between two or more variables. For example we have to study the
relationship between advertisement and sales, supply and demand, coaching and
performance in examinations. The research and development expenditure on annual
profit etc.
After identifying the correlation between two variables we shall develop an
estimating equation (model) or regression lines which helps us to predict or estimate
unknown values of one variable from known value of another variable. For this purpose
regression analysis has been designed to predict the required amount of one variable for
a given amount of another variable. Two variables are correlated in linear (straight line)
form either positively or negatively.
This unit, therefore, introduces the concept of linear regression, some Statistical
techniques of linear regression. The methods used are important for decision makers
and researchers for relationship generation and development for drawing conclusion
and decision making.
4.2

LINEAR REGRESSION

It is a process to establish the nature of relationship between variables that is to study
the function relationship between variables and provides forecasting and estimation.
Here variables are Independent (known) Variables and Dependent (unknown)
Variables. Dependent variables are also called response variables. For example in
between two variables advertisement and sales, advertisement expenses are
independent (known) variables and sales are dependent (unknown/response) variables.
If correlation has been existed between advertisement expenses and volume of sales we
can predict the required amount of advertisement expenses for a given amount of sales
or vice versa. The statistical method used for this is called regression analysis.
Regression is said to be linear when variables if represented in graph paper show a
straight line either positive or negative. The linear regression is represented like:
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4.2.1 Characteristics of regression analysis
From the above discussions the essential characteristics of regression analysis
are as follows:
1. It provides a mathematical tool used to measure quantitatively the relationship
between two variables (X on Y or Y on X).
2. It is used to predict/estimate the unknown values of dependent/response variable
with the help of known values of independent variable.
3. It consists of two regression lines/equations like (i) X on Y
(ii) Y on X
4.2.2 Uses of Regression Analysis
Regression, being a statistical tool, has number of uses/utilities in the field of
natural, physical and social sciences. Among such uses the important areas are as
follows:
1. With the help of function relationship the unknown value of dependent variables
can be predicted/estimated with respect to known values of independent
variables.
2. High and low degree of errors can be detected with the help of measures of
errors of estimates.
3. With the help of two regression coefficients (bxy and byx) the coefficient of
correlation can be determined like:
𝑟 = √𝑏𝑥𝑦. 𝑏𝑦𝑥
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4.

It provides a measures of coefficient of determination like:
𝑟 2 = 𝑏𝑥𝑦. 𝑏𝑦𝑥

5.
This regression analysis is extensively used in business and commerce for
predicting future events like production, consumption, investment, sales, profits, price
etc.
6.
It is very much useful to economists for analysing the cause and effect
relationship between variables.
7.
It has wide implication in social science and estimate the various factors like
mortality (death, birth rates) and tax rate and yield rates too etc.
4.2.3 Limitations
Irrespective of extensive uses of regression analysis it suffers from some limitations
which are given below

1. It is assumed that the cause and effect relationship between variables remain
constant. But in real sense such assumption may not always hold good and the
estimation/prediction of unknown variable (dependent variable) gives
misleading and incorrect result.
2. Functional relationship between variables hold good for limited data if in case
of more data this relationship fails due to Law of return or Law of diminishing
return.
3. It is not suitable for qualitative variables (like honesty, skill, attitude) which are
personal inherent in nature.
4. The process of calculation is complicated and lengthy hence its analysis.
4.3

TYPES OF REGRESSION ANALYSIS

Two or more variables used for regression analysis. On such basis regression analysis
can be grouped/classified under the following:
1. Simple and Multiple regression analysis
2. Linear and Non-linear regression analysis
3. Total and Partial regression analysis
4.3.1 Simple and Multiple Regression Analysis:
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Under this simple regression analysis only two variables can be analysed. Out of such
two variables one is dependent variable called regressed, explained response, unknown
variable say ‘Y’ variable. Other is Independent variable, regressing, and explanatory,
known variable say ‘X’. In an example of advertisement expenses and volume of sales
if the effect of advertisement on sales is to be studied advertisement expenditures will
be taken as Independent Variable (X) and sales as Dependent variable (Y).
The functional relationship between advertisement and sales can be represented as:
𝑦 = 𝑓(𝑥)
On other hand multiple regression analysis among more than two variables say
(X, Y, Z) one is made dependent and other variables are taken as independent such can
be represented as:
𝑦 = 𝑓(𝑥, 𝑧), 𝑧 = 𝑓(𝑥, 𝑦), 𝑥 = 𝑓(𝑦, 𝑧)
4.3.2

Linear and Non-linear regression analysis

The relationship between two variables described by a straight line is called linear
relationship. The straight lines may be positive or negative. The positive linear
relationship is upward straight line and negative relationship is downward straight line.
The mathematical expression of such two variables can be expressed by
𝑦 = 𝑎 + 𝑏𝑥 where a and b are two constants. By using such relationship we can study
the average change in value of the dependent variable for any given value of the
independent variable. The shape of straight lines will be +ve or –ve.

On the other hand non-linear analysis gives rise to curve line when data relating
to two variables are plotted on graph paper. Curves may be concave or convex. It can
be
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Mathematically expressed as:
𝑦 = 𝑥 2 𝑜𝑟 𝑦 = 𝑥 3
The shape of curves will be

4.3.3 Total and Partial Regression Analysis
Under total regression analysis we have to study the effect of all the important variables
on another variable. Suppose we have to study the effect of coaching, regular
assessment, classroom interaction on the result of students.
Result of students = R
Regular assessment = A
Classroom interaction = I
Coaching = C
Here 𝑅 = 𝑓(𝐴 𝐼 𝐶) It takes the form of multiple regression analysis.
A partial regression analysis, on the other hand, is one which studies the effect
of one or two relevant variables on another variable. In such case the irrelevance one
can be excluded.
R = f (C but not of A and I)
Sales = f (Advertisement but not the price and income of the people)
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4.4

METHODS OF SIMPLE REGRESSION ANALYSIS

Basically two methods have been followed to study the simple regression analysis.
1. Graphic method
2. Algebraic method
4.4.1 Graphic method:
Under this method one or two regression lines (X on Y or Y on X) are drawn on graph
paper to estimate the value of one variable (say X) on the basis of values of another
variable (say Y) or vice versa. The display of such lines are given below.
(i) When there is perfect positive correlation (r = 1)
The correlation (r) is said to be perfect positive correlation when r = 1. In such
case two regression lines X on Y and Y on X will coincide but upward.
(ii) When there is perfect negative correlation (r = -1)
Correlation is said to be perfect negative correlation when r = -1. In such case
two regression lines will also coincide but downward.
(iii) When there is no correlation (r = 0)
In no correlation situation the value of r = 0 and two regression lines X on Y
and Y on X are perpendicular to each other.
(iv) In-case of high degree of correlation
If two regression lines are closed to each other it is called high degree of
correlation.
(v) Low degree of correlation
If two regression lines are apart from each other it is called low degree of
correlation.
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Methods of drawing line of regression:
There are two regression lines like X on Y and Y on X. Such lines give the best
estimates of one variable for any given value of other variable. Such lines are drawn on
graph paper by any one of the following two methods:
a.
Scatter diagram method
b.
Method of Least square

Scatter diagram method
The two regression lines X on Y or Y on X can be drawn on graph paper. In graph
paper the independent variables will be taken in horizontal axis and dependent variables
on vertical axis. The points are plotted on the graph representing the pair of values of
such independent and dependent variables (say X and Y). A number of points can be
displayed in the graph paper. Two free hand straight lines are drawn across the
scattered points in such a manner that the sum of deviations of the points of one side of
a line is equal to the sum of deviations of points on its other side. Line drawn in
between vertical deviations is called the regression line Y on X and the line which is
drawn in between horizontal deviations is called regression line X on Y. So two such
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regression lines X on Y and Yon X can be represented separately or jointly.
Representation of regression line X on Y is

Similarly Y on X is

Now jointly such lines are represented like
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The dotted lines from point of intersection “p” are drawn perpendicular to horizontal
axis X and vertical axis Y. The point at which perpendicular line touches X axis (N) is
the required value of X for given value of Y. Similarly the point at which the
perpendicular line touches Y axis (Here Q) is the required value of Y for given value of
X.
Method of least square:
Under this method the lines of best fit becomes the lines of regression. In this method
the sum of squares of deviations between given values of variables and its estimated
values on the concerned line of regression is minimum (least) possible.
So the line of best fit for the regression line Y on X is obtained by finding the
value of Y for any two extreme values of X through the following regression equation.
Y = a + bx
Where a and b are two constants. In order to find out the value of such two constants (a
and b) we have to solve the following two normal equations.
Equation (1) ΣY = Na + bX
Equation (2) XY = aΣX + bX2
Similarly the line of best fit for X on Y can be done by the following regression
equation.
X = a + by
Where a & b are two constants.
The value of a and b can be determined by solving the following normal equations
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Equation (1) ΣX = Na + bY
Equation (2) XY = aΣY + bY2
Numerical example:
Example: From the following particulars draw two regression lines using the method of
least square.
Variable X :
Variable Y :

1
15

3
18

5
21

7
23

9
22

Solution:
X
1
3
5
7
9
ΣX = 25

Y
15
18
21
23
22
ΣY = 99

X2
1
9
25
49
81
ΣX2 = 165

Y2
225
324
441
529
484
ΣY2 = 2003

XY
15
54
105
161
198
ΣXY = 533

N = Number of Pairs = 5
Regression Equation X on Y
X = a + by
To find the value of a & b, we have to solve the following two equations:



ΣX = Na +b ΣY
ΣXY = aΣY +b ΣY2

Putting the value from the above table in such two equations we get:
25 = 5a + 99b ………. (i)
533 = 99a + 2003b……….. (ii)
Multiply the Equation (i) by 99 and Equation (ii) by 5, we get
2475 = 495a + 9801b …………. (iii)
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2665 = 495a + 1001b…………. (iv)
Equation (iii) – Equation (iv) we get
-190 = - 214b
Therefore b = -190/-214 = 0.888
Putting the value of “b” in Equation (i) we get
25 = 5a + 99 (0.888)
5a = 25-99 (0.888) = 25 – 87.912 = -62.912
A = -62.912/5 = -12.5824
After finding the value of ‘a’ (that is -12.5824) and the value of b (that is 0.888) the
required regression equation x on y is:
X = a + by
 X = -12.5824 + 0.888 y
Regression Equation Y on X
Y=a+bX
For Finding two constants ‘a’ and ‘b’ we can solve the following two normal equations:
ΣY = a + bΣX ……….. (i)
ΣXY = aΣX + bΣX2……….. (ii)
Putting the values from the table
99 = 5a + 25b………. (i)
533 = 25a + 165b…….. (ii)
Multiply equation (i) by 5 we get 495 = 25a + 125b…….. (iii)
Deduction Equation (iii) from Equation (ii)
533 = 25a + 165b……….. (ii)
495 = 25a + 125b…………. (iii)
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40b = 38
b = 38/40
b = 0.95
Putting the value of b in equation (i) we get
99 = 5a + 25 (0.95)
5a = 99 -25 (0.95) = 99 – 23.75 = 75.25
a = 75.25/5 = 15.05
After finding the value of a (15.05) and b (0.95) we get the regression equation Y on X
(That is Y = a + bX)
BY taking such values of Constants a and b which will be
Y = 15.05+0.95X
4.4.2 Algebraic method for regression line X on Y and regression line Y on X

Methods: To determine such two regression equations/line we can apply the following
three methods.
(i) Normal equation method
(ii) Method of deviation from actual mean
(iii) Method of deviation from assumed mean
(i) Normal equation method: Under such method two regression equations are
Y = a + bx
and
X = a + by
(Called Y on X)
(Called X on Y)
Where a & b are two constants. To determine the value of such two constants a and b
we can apply the normal equations which have been discussed under least square
method. The same procedure and same example that have been discussed under least
square method can be followed.
(ii) Method of deviation from actual mean:
Instead of actual original value of X variables and Y variables the two regression lines
are developed from their respective actual means. So the two regression equations on
modified forms will be:
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1.

Regression Equation X on Y:

X = 𝑋̅ + bxy (Y –𝑌̅) or (X – 𝑋̅) = bxy (Y-𝑌̅)
2.

Regression Equation Y on X:

Y = Y + byx (X – 𝑋̅) or (Y- ̅𝑌) = byx (X-𝑋̅)
Where X = values of X variable
Y = values of Y variable
X = arithmetic mean of X variables which is = ΣX/N
Y = arithmetic mean of Y variable which is = ΣY/N
4.5

REGRESSION COEFFICIENTS

bxy = Regression Coefficient of X on Y
byx = Regression Coefficient of Y on X
So there are two regression coefficients like bxy and byx.
Regression coefficients can be calculated by the following ways:
Calculation of bxy (b1)
1

𝛿𝑥

𝛿𝑦

bxy = r 𝛿𝑦

byx = r 𝛿𝑥

Where r = Coefficient of Correlation
σx = Standard Deviation of x Variable
σy = Standard Deviation of y variable
2

bxy = b1 =

𝛴𝑥𝑦
𝛴𝑦 2

Where x = (X - 𝑋̅)
y = (Y - 𝑌̅)
3

4

bxy =
bxy =

Calculation of byx (b2)

𝐶𝑜𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒 𝑥𝑦
𝜎2𝑦
𝑁𝛴𝑋𝑌−𝛴𝑋.𝛴𝑌
𝑁𝛴𝑌 2 −(𝛴𝑌)2
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meaning as bxy

byx = b2 =

𝛴𝑥𝑦
𝛴𝑥 2

Where x = (X - 𝑋̅)
y = (Y - 𝑌̅)
byx =
byx =

𝐶𝑜𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒 𝑥𝑦
𝜎2𝑥
𝑁𝛴𝑋𝑌−𝛴𝑋.𝛴𝑌
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4.5.1 Properties of regression coefficients
1. The geometric mean of two regression coefficients gives coefficient of
correlation.
𝑟 = √𝑏𝑥𝑦. 𝑏𝑦𝑥
2.
Both the regression coefficients must have same algebraic sign. Both have
either positive (+ve) and negative (-ve) signs.
3.
The nature of regression coefficients is reflected on the nature of the coefficient
of correlation. Like if both regression coefficients are +ve the sign of coefficient of
correlation is +ve. If both regression coefficients are -ve then coefficient of correlation
is -ve.
4.
If one of the regression coefficients is more than 1 then other regression
coefficient is less than 1.
5.
Arithmetic mean of the regression coefficients is either equal to or more than
coefficient of correlation that is (bxy +byx) / 2 ≥ r
6.
From regression coefficients we can find out the value of any factor, if other 3
factors are given by applying bxy and byx formula.
7.
Regression coefficients are independent of change of origin but not of scale.
Example: From the following particulars compute (i) Two regression equations
(ii) Coefficient of correlation
(iii) Probable of Y when X = 30
25
43

28
46

Solution:
X

Y

x = X - 32

y = Y - 38

x2

y2

xy

25

43

-7

5

49

25

-35

28

46

-4

8

16

64

-32

35

49

3

11

9

121

33

32

41

0

3

0

9

0

31

36

-1

-2

1

4

-2

36

32

4

-6

16

36

-24

29

31

-3

-7

9

49

21

38

30

6

-8

36

64

-48

34

33

2

-5

4

25

-10

32

39

0

1

0

1

0

ΣX = 320

ΣY = 380

Σx = 0

Σy = 0

Σx2 = 140

Σy2 = 398

Σxy = -93

X:
Y:

35
49

32
41

31
36

36
32

29
31

Odisha State Open University, Sambalpur

38
30

34
33

32
39

Page 103

N = 10
𝑋̅ = ΣX / N = 320/10 = 32 and 𝑌̅ = Σ Y / N = 380/10 = 38
Where x = X - 𝑋̅ = (X - 32) and y = (Y - 𝑌̅) = (Y - 38)
i.

Calculation of Regression Equation X on Y

X = 𝑋̅ + bxy (Y - 𝑌̅ )

𝛿𝑥

Where bxy = r 𝛿𝑦

𝛴𝑥 2

Now σx = √
𝛴𝑦 2

σy = √

𝑁
𝛴𝑥𝑦

𝑁

140

= √ 10 = 3.74

398

= √ 10 = 6.31
−93

r = 𝑁𝜎𝑥𝜎𝑦 = 10 𝑥 3.74 𝑥 6.31
=

−93
235.99

= - 0.394

Putting such values in the above regression equation we get:
𝜎𝑥
X = 𝑋̅ + r 𝜎𝑦 (Y -𝑌̅) = 32 + (-.394 x 3.74 / 6.31 (Y - 38)

= 32 – 0.2337 (Y - 38)
= 32 – 0.2337Y + 0.2337 (38)
= 32 - 0.2337Y + 8.8806
= 40.8806 – 0.2337 Y
So Required regression equation of X on Y is
X = 40.8806-0.2337Y
We can also apply alternative formula for calculation of regression coefficient bxy but
the answer remains same.
(ii) Regression Equation of Y on X
Y = 𝑌̅ + byx (X - 𝑋̅)
𝜎𝑦
= 𝑌̅ + r
(X - 𝑋̅)
𝜎𝑥
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Substituting the respective values we get
6.31

Y = 38 + (- 0.394 x 3.74 ) (X - 32)
= 38 – 0.6643 (X - 32)
= 38 – 0.6643X + 21.2576
= 59.2576 – 0.6643X
So the required regression equation of Y on X is
Y = 59.2576 – 0.6643 X
𝛴𝑥𝑦

−93

Calculation of Coefficient of Correlation r (xy) = 𝑁𝜎𝑥𝜎𝑦 = 10(3.74)(6.31)
−93

= 235.994 = 0.394
Or Alternative
r = √𝑏𝑥𝑦. 𝑏𝑦𝑥 =
−93

𝛴𝑥𝑦
𝛴𝑦2

𝛴𝑥𝑦

x √ 𝛴𝑦2

−93

= 398 x 140 = √−0.2337 𝑥 − 0.6643
=√0.1552 = - 0.394
Calculation of Probable Value of Y When X = 30
The regression equation Y on X is
Y = 59.2576 – 0.6643x
When X = 30, Y = 59.2576 – 0.6643 (30)
= 59.2576 – 19.929 = 39.6286
Example: 02 from the data given below compute two regression coefficient and two
regression equations.
ΣX = 510, ΣY = 7140, ΣX2 = 4150, ΣXY = 54900, ΣY2 = 740200, N = 102 and also
determine the value of Y when X = 7
Solution: Two regression coefficients by value based (Direct Method)
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𝑛𝛴𝑋𝑌−𝛴𝑋𝛴𝑌

a) bxy =

𝛴𝑌 2 −(𝛴𝑌)2

𝑁

=

102 (54900)−(510 𝑥 7140)
102 (740200)−(7140)2

1958400

= 24520800 = 0.08
𝑁𝛴𝑋𝑌−𝛴𝑋𝛴𝑌

b) byx =
=

1958400
163200

𝑁 𝛴𝑋 2 −(𝛴𝑋)2

=

102(54900)=(510 𝑥 7140)
102(4150)− (510)2

= 12

Two regression equations:
a) X on Y:
Now 𝑋̅ =
Y=

𝛴𝑌
𝑁

=

𝛴𝑋
𝑁

510

= 102 = 5

7140
102

X = 𝑋̅ + bxy (Y -𝑌̅)

= 70

Thus X = 5+ 0.08 (Y - 70) = 5 + 0.08 Y -5.6
= -0.06 + 0.08Y
∴ X = -0.6 + 0.08Y
b) Y on X : Y = 𝑌̅ + byx (X - 𝑋̅)
= 70 +12 (X - 5)
= 70+12X – 60
= 10+12X
Hence Y = 10 + 12X
The value of Y when X = 7 is
Y = 10+12x = 10 +12 (7) = 94
(iii) Method of deviation from assumed mean:
It is called short-cut method. When actual means of X variables and Y variables are not
whole numbers but fractions this method is suitable and easy to operate. Instead of

Odisha State Open University, Sambalpur

Page 106

actual mean assumed mean from X variable and assumed mean from Y variable can be
taken into account.
Assumed mean from X variable = AMx
Assumed mean from Y variable = AMy
Then find out
dx = (X - AMx)
dy = (Y - AMy)
Actual Mean can be determined
𝛴𝑑𝑥
𝑋̅ = AM (x) + 𝑁
𝛴𝑑𝑦
𝑌̅ = AM (y) + 𝑁

Then after calculate the two regression coefficients by applying the following formula:
bxy =

byx =

𝑁𝛴𝑑𝑥.𝑑𝑦
𝑁𝛴𝑑𝑦2−(𝛴𝑑𝑦)2
𝑁𝛴𝑑𝑥.𝑑𝑦
𝑁𝛴𝑑𝑥2−(𝛴𝑑𝑥)2

At last we can draw the regression equations :
1) X on 𝑌 :
2) Y on X :

X = 𝑋̅ + bxy (Y - 𝑌̅)
Y = 𝑌̅ + bxy (X - 𝑋̅)

Example: Draw two regression equations, determine “r” and predict Y when X = 10
and X when Y = 2.5 from the followings:
X

1

5

3

2

1

1

7

3

Y

6

1

0

0

1

2

1

5
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Solution:
(Y-2) =
dy
4

dx2

dy2

dx.dy

6

(X-3) =
dx
-2

4

16

-8

5

1

2

-1

4

1

-2

3

0

0

-2

0

4

0

2

0

-1

-2

1

4

2

1

1

-2

-1

4

1

2

1

2

-2

0

4

0

0

7

1

4

-1

16

1

-4

3

5

0

3

0

9

0

ΣX = 23

ΣY = 16

Σdx= -1

Σdy=0

Σdx2=33

Σdy2=36

Σdxdy=-10

X

Y

1

N=8
Let assumed mean of x variable (AMx) = 3
and assumed mean of Y variable (AMy) = 2
Calculation of Actual Mean:
𝛴𝑑𝑥
𝑋̅ = AM (x) + 𝑁 = 3 + (-1/8) = 3 -0.125 = 2.875
𝛴𝑑𝑦
𝑌̅ = AM (y) + 𝑁 = 2+ 0 / 8 = 2+0 = 2

Calculation of regression coefficients:
bxy =

byx =

𝑁𝛴𝑑𝑥.𝑑𝑦−𝛴𝑑𝑥.𝛴𝑑𝑦
𝑁𝛴𝑑𝑦2−(𝛴𝑑𝑦)2

𝑁𝛴𝑑𝑥.𝑑𝑦−𝛴𝑑𝑥.𝛴𝑑𝑦
𝑁𝛴𝑑𝑥2−(𝛴𝑑𝑥)2

=

=

8 (−10)−(−1 𝑥 0)
8(36)−(0)2

8 (−10)−(−1 𝑥 0)
8(33)−(−1)2
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Calculation of Regression Equations
X on Y:

X = 𝑋̅+ bxy (Y-𝑌̅)
= 2.875 + (-0.28) (Y - 2)
= 2.875 – 0.28y +0.56
3.435-0.28Y
Thus X = 3.435 – 0.28Y

Y on X :

Y = 𝑌̅ + byx (X-𝑋̅)
= 2 + (-0.3) X + 0.8625
= 2.8625 – 0.3X
Thus Y = 2.8625 – 0.3X

Computation of “r”
r =√𝑏𝑥𝑦. 𝑏𝑦𝑥 = √−0.28 𝑥 (−0.3)
= ± √0.084 = - 0.29
As the sign of r agrees with the signs of two regression coefficients the value of r is
negative (-) being the algebraic signs of bxy and byx are negative (-)
Calculation of two unknown values with respect to known value.
Value of Y When X = 10
Y = 2.8625 – 0.3 (10)
= 2.8625 – 3 = -0.1375
Similarly Value of X When Y = 2.5
X = 3.435 – 0.28 (2.5)
= 3.435 – 0.70 = 2.735
4.6

STANDARD ERROR OF ESTIMATE

Line of best fit is drawn in the study of regression. After this we have to measure the
reliability of estimated regression equations called standard error of estimate (Se). It is
similar to standard deviation used in measure of dispersion about mean.
Standard error of estimate measures the variability or spread of the observed
values around the regression line. As there are two regression lines standard errors can
be calculated for both these lines of estimates.
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Methods of Computation of Standard Error
1. Fundamental formula
2. Value based formula
3. Co efficient of correlation based formula
Fundamental formula
𝛴 (𝑌 –𝑌𝑒)2
SE (Y on X) =√ 𝑁
Where Ye = Estimated Value of Y

i.

𝛴 (𝑋 –𝑋𝑒)2

SE (X on Y) =√

ii.

𝑁

Where Xe = Estimated Value of X
N = Number of Pairs

Value based formula
𝛴𝑌2 –𝑎𝛴𝑌 − 𝑏𝛴𝑋𝑌
SE (Y on X) =√
𝑁

i.

SE (X on Y) =√

ii.

𝛴𝑋2 –𝑎𝛴𝑋 − 𝑏𝛴𝑋𝑌
𝑁

Where a and b are two constants which can be calculated for respective regression
equations by solving the normal equations as discussed earlier.
Co-efficient of correlation based formula
i.
ii.

SE (Y on X) = σy √1 − r2
SE (X on Y) = σx √1 − r2

Where σy = Standard Deviation of Y Variable
Where σx = Standard Deviation of X Variable
r = Coefficient of Correlation

Interpretation of SE
 If value of SE is more it signifies there is a greater dispersion of observed values
from estimated values.
 If SE is less it shows dispersion of observed values from estimated values is
less.
 If SE is zero it shows all data points would be exactly on the regression line.
Example: Two regression equations are
X on Y: X = 16.4 - 1.3Y
and
Y on X : Y = 11.9 - 0.65X
Related to two variables as follows
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6
9

X:
Y:

2
11

10
5

4
8

8
7

Calculate SE of estimates.
Solution: Computation of standard errors of estimate under fundamental method
Computation of expected/estimated values of X on Y
When
 Y = 9, X = 16.4-1.3 (09) = 16.4 - 11.7 = 4.7
 Y = 11, X = 16.4-1.3 (11) = 16.4 - 14.3 = 2.1
 Y = 5, X = 16.4-1.3 (05) = 16.4 - 06.5 = 9.9
 Y = 8, X = 16.4-1.3 (08) = 16.4 - 10.4 = 6
 Y = 7, X = 16.4-1.3 (07) = 16.4 – 09.1 = 7.3
Similarly Computation Estimated Value of Y on X
When





X = 6,
X = 2,
X = 10,
X = 4,

Y = 11.9 – 0.65 (6) = 11.9 – 3.9 = 8
Y = 11.9 – 0.65 (2) = 11.9 – 1.3 = 10.6
Y = 11.9 – 0.65 (10) = 11.9 – 6.5 = 5.4
Y = 11.9 – 0.65 (4) = 11.9 – 2.6 = 9.3
 X = 8, Y = 11.9 – 0.65 (8) = 11.9 – 5.2 = 6.7

Working Table
X

Y

Xe

Ye

X-Xe

Y-Ye

6

9

4.7

8.0

1.69

1.00

2

11

2.1

10.6

0.01

0.16

10

5

9.9

5.4

0.01

0.16

4

8

6.0

9.3

4.00

1.69

8

7

7.3

6.7

0.49

0.09

Σ (X-Xe)2 = 6.20

Σ (Y-Ye)2 = 3.10
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SE of Estimates of Y on X
SE (Y on X) =√Σ (𝑌 – 𝑌𝑒) 2 / N = √3.10 / 5 = √. 62 = 0.787
SE of Estimates of X on Y
SE (X on Y) =√Σ (𝑋 – 𝑋𝑒) 2 / N = √6.20 / 5 =√1.24 = 1.114
Explained and Unexplained Variation:
Total Variation: The sum of square of Deviations of Values from its arithmetic
average.
For X Variable: Total Variation = Σ (X -𝑋̅) 2
For Y Variable: Total Variation = Σ (Y -𝑌̅) 2
Total Variation is again divided into two:



Explained Variation
Unexplained Variation

Explained Variation:
For X Variable: X = Σ (Xe - 𝑋̅)2
Unexplained Variation = X = Σ (X-Xe)2
Total Variation = Explained Variation + Unexplained Variation
Σ (X – 𝑋̅) 2 = Σ (Xe-𝑋̅)2 + Σ (X- Xe)2
Similarly for Y Variable
Σ (Y-𝑌̅)2 = Σ (Ye-𝑌̅)2 + (Y-Ye) 2
4.6.2 Co efficient of determination
Co efficient of determination (R2) is the ratio of explained variation to total variation. If
simple coefficient of correlation is represented by (r) and coefficient of determination is
represented by “R” then the relationship can be expressed by
R2 = r2
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So coefficient of determination R2 =
For X Variable: R2 (x) =

𝛴 (𝑋𝑒−𝑋̅ )2
𝛴 (𝑋−𝑋̅ )2

For Y Variable: R2 (y) =

𝛴 (𝑌𝑒−𝑌̅)2
𝛴 (𝑌−𝑌̅)2




4.7

𝐸𝑥𝑝𝑙𝑎𝑖𝑛𝑒𝑑 𝑉𝑎𝑟𝑖𝑎𝑡𝑖𝑜𝑛
𝑇𝑜𝑡𝑎𝑙 𝑉𝑎𝑟𝑖𝑎𝑡𝑖𝑜𝑛

If the value of R2 = 1 the whole of total variation is equal to explained variation
and unexplained variation will be zero (0).
If the value of R2 = 0 the explained variation is said to be zero which indicates
that there is no correlation between the variables.
DIFFERENCE BETWEEN CORRELATION AND REGRESSION










Coefficient of correlation (r) between two variables (X and Y) is a measure of
degree and direction of linear relationship between them irrespective of
independent and dependent variables. Whereas regression analysis establishes
the functional relationship between two variables and predict the unknown
value of dependent variable for any known value of independent variable. It
shows which dependent variable is and which independent variable is.
Correlation does not show the cause and effect relationship between the
variables. But regression analysis clearly specify the cause and effect
relationship. Generally independent variables are taken as ‘causes’ and
dependent variables are considered as ‘effects’.
Coefficient of correlation (r) is a relative measure of linear relationship between
X variables and Y variables. The value of ‘r’ remains between ± 1. Whereas
regression coefficients bxy or byx is an absolute measure. The value of such
regression coefficients will be greater or lesser than 1.
If bxy > 1
then byx < 1
If bxy < 1
then byx > 1
There is a non-sense (spurious) correlation between two variables which has no
practical relevance. But such non-sense events can never be seen in regression.
Correlation has limited application only to study linear relationship between
variables. Whereas regression analysis has much wider applications as it studies
both linear and non-linear relationship between the variables.
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4.8

LET US SUM UP

In this unit the fundamental concepts of linear regression have been discussed. It
establishes the function relationship between two variables (X and Y) showing the
dependent variable (effect) and independent variable (cause). Under such relationship
the unknown values of dependent variables can be predicted/estimated with known
values of independent variables.
Besides the fundamental concepts, uses and limitations of regression analysis
the types and methods have been discussed. Both graphic and algebraic methods have
been elaborately taken into account lucidically in literature form and numerical form
for better understanding the mechanism of regression analysis. Method of least square
in algebraic aspect and scatter diagram in graphic aspect have been clearly analysed.
Two regression coefficients and regression lines are taken into consideration.
Statistical tests like standard error of estimate, total variation, explained
variation, unexplained variation and coefficient of determination have been placed to
measure the accuracy of estimated regression equation. Finally the difference between
correlation and regression analysis have been highlighted. Regression analysis is used
as an important tool for decision making and data analysis.
4.9

KEY WORDS










Coefficient of determination: The Square of the correlation coefficient. It is
the ratio of explained variation to total variation.
Correlation coefficient: The quantitative measure of the linear relationship
between two variables.
Linear Relationship: Relationship between two variables described by a
straight line.
Explained Variation: Sum of the square of deviation of estimated values of
variables from their means.
Multiple Regression: Among more than two variables one is considered as
dependent and other variables are taken as independent.
Non Linear Regression: The relationship between two variables is described
by curve line.
Least-Square: It is a method for determine regression lines that minimise the
sum of squared errors.
Simple Regression Analysis: It is a model to use one as dependent variable
and other as independent variable.
Standard Error of Estimate: Measures the dispersion of actual values of
variables around estimated regression lines.
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4.10

Total Regression: To study the effects of all important variables on another
variable.
Partial Regression Analysis: To study the effect of one or two relevant
variables on another variable.
Regression coefficients: Two regression coefficients X on Y called bxy and Y
on X called byx used for drawing regression lines.
Unexplained Variation: The sum of squares of deviations of values of
variables from its estimated values is called unexplained variation. It forms a
part of total variation.
TERMINAL QUESTIONS AND EXERCISES

1. What do you understand by the term regression, discuss its utilities and
limitations?
2. Distinguish between correlation and regression
3. Annotate in brief the various types of regression analysis
4. Explain in brief the various methods of studying regression between any two
variables.
5. Write short notes on:
Scattered diagram, Regression lines, Regression coefficients, Standard Error,
Explained and unexplained variation, Coefficient of determination, Line of best
fit, Method of least square, total variation.
6.
Discuss the properties of regression coefficients.
7.
What do you mean by standard Error of estimates? How is it interpreted?
8.
Discuss the various methods of determining the standard error of estimates.

8.
a.
b.
c.

Review exercises
From the following data :
Fit a regression line of Y on X and predict Y when X=10
Fit a regression line X on Y and hence predict X when Y=25
Calculate coefficient of correlation between two variables

X:

1

5

3

2

1

1

7

3

Y:

6

1

0

0

1

2

1

5

Ans Y = 0.166, X=-3.519, r=0.29
9. From the data given below obtain the two regression equations and find the most
likely value of Y when X=25, 𝑋̅=20, 𝑌̅=15, σx = 4, σy = 3, r = 0.7
Ans X = 6+0.93Y, Y = 4.5+0.525X, Value of Y=17.625
10. From the following data find:
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i. the two regression equations
ii. Likely sales when advertisement expenditure is Rs. 20 Lakhs and
ii. The likely expenditure on advertisement to make sales of Rs. 150 Lakhs
Advt. Exp. (in Lakhs Rs) Sales (in Lakhs Rs)
(X)
(Y)
Mean
10
90
Standard deviation 3
12
Coefficient of correlation = 0.8
Ans. (i) X = -8 + 0.2Y
Y = 58 + 3.2X
(ii) 112
(iii) 22
11. From the following data, find:
(i) Coefficient of determination
(ii) Coefficient of correlation
(iii) Standard Error of estimate of Y on X and X on Y
Given data: Total variation in Y= 38.92
Unexplained variation in Y= 19.7
Ans (i) 0.50, (ii) 0.71, (iii) 0.71σy and 0.71σx
12. From the following two regression equations state which one is of X on Y and
which one is of Y on X. Then find out the mean value of X and Y variable and also
coefficient of correlation:
3X+2Y=26
6X+Y=31
Ans. 1st equation is of Y on X
2nd Equation is of X on Y
Mean of X = 4
Mean of Y = 7
r = - 0.5
4.11 FURTHER READINGS





Mishra Business Research Methods, Oxford University Press.
Business Research Methods and Project work, Priyaranjan Dash, Vrinda
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Upgrade & Shende – Research Methodology – S. Chand
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A.K.P.C. Swain, Business Research Methods and Project work, Kalyani
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UNIT 05

REPORT PREPARATION

Structure
5.0
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5.1
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5.2
Purpose of a Report
5.3
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5.4
Types of Report
5.5
Stages in Preparation of a Report
5.6
Characteristics of a Good Report
5.7
Structure of a Research Report
5.8
Check List for the report
5.9
Let us Sum up
5.10 Key Words
5.11 Further Readings
5.12 Terminal Questions
5.0

LEARNING OBJECTIVE

After studying this unit, you should be able to know
 Define a Report
 Explain the purpose of a report
 Various types of a report
 Stages in Preparation of a Report
 Characteristics and Structure of a good report
5.1

INTRODUCTION

In research process, report writing is the last and final phase. After collection,
analyzing, interpreting and generalization of data, a report is to be prepared. Such vital
task should be accomplished by researcher with utmost care. Research Procedure,
Stages, Findings, Conclusions and suggestions must be communicated to different
interested parties in a lucid and logical manner.
5.2

PURPOSE OF A REPORT

The researcher should consider why report is needed and to whom it is needed. Report
may be meant for general people or for any third party. So the purpose of the report is
to defuse the knowledge and generalization of the study, so that interested parties will
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be benefited. The purpose of the report is to convey the results and findings of the study
to interested parties. Report performs the step in of the knowledge. The purpose of the
report may vary from academics and organisations. In academics, reports are used for
application oriented learning where as in organisations, report provides the foundation
for decision making.
5.3

MEANING OF REPORT AND REPORTING

‘Report’ is a document in which a given problem under study is examined for the
purpose of conveying information, report findings and recommendations. Report is a
statement of result of a problem under study designed for interested parties. Report
means communication or informing through report. In fact the data, information,
findings, suggesting about a problem can be informed / communicated from someone
who has the information to someone who wants to use the information by reporting.
The report is written for a specific person/ organisation or world at large. Report forms
an account describing the procedure adopted, the findings arrived at and the
conclusions drawn by investigator of a problem.
5.4

TYPES OF REPORT

Reporting can be done in two ways
 Oral Report / Verbal Report
 Written Report
Oral Report: It is a face to face communication that is reporting verbally in person.
Example: Reporting orally to superiors, Presentation of Findings before conference,
Seminar, Meetings, Boards.
Written Report: More formal, accurate and permanent and popular report over oral
report is written report. Written report may be classified as
 Formal Report
 Informal Report
Formal Reports generally follow a prescribed format such as front matter, body and
back (end) matter.
Informal Reports follows from paragraphs to few pages and is shorter version report
having essential elements like introduction, Body, Conclusions and recommendations.
It is used for internal purposes and dealing with routine issues like task report, progress
report. Trip and conference report.
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Whether a report is formal or informal subject matter is immaterial rather than writers’
assessment of their information needs. For Example a research is carried out on high
yielding varieties of paddy, the researcher may like to write an informal report to his
research team but a formal one to the funding agency.
As regards formal vs. informal report, the preference is not on topics of formal report
but in the expectations of audiences for formal reports. In formal report, the audience
expects a methodological presentation of subject that include summaries of important
points as well as appendices on tangential and secondary points.
Types of Formal Reports:
Formal Reports may further be classified as:
 Informational
 Analytical
 Persuasive
Informational Reports: Inform data collected or facts observed in an organized form,
Readers see details of events, activities or conditions. There are no analysis of situation,
no conclusions and no recommendations.
Analytical Reports: These are written on collected facts to solve problems. Thus
collected facts are analyzed conclusions are drawn and recommendations are made.
Persuasive Reports: These reports are extension of analytical reports. It focuses on
selling of idea, a service or a product. Generally proposals are the most common types
of persuasive reports.
Types of Informal Reports:




Progress Report: A summary of progress, status and projections related to a
particular project. It is also called status report. When progress report is
prepared at regular intervals it is a periodic report. Report in between two
reports is called interim report. Final report is prepared at the end of the period
with more numerical details and more extensive analysis.
Laboratory Report: In science and engineering, a number of experiments are
conducted to test the theory and to examine the validity of research findings.
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Inspection Report: Reports on quality of a product, report on functioning of
equipment’s and programs on any subject have been effectively implemented
are the contents of inspection report.
 Confidential Report: Performance and conduct of employees are periodically
assessed and accordingly reported to concern authorities for judging their
efficiencies.
 Recommendation Report: Specific actions are suggested to solve a problem.
This can be possible by presentation of research results and evaluation of
findings.
 Reports for decisions making: The head of the organisation gets the report
from researchers for taking steps for implementation of the points before
management.
Basically written reports can be presented in different ways as follows:
 Sentence Form Reports: Communication in Sentence Form
 Tabular Form Reports: Communicating through figures in table
 Graphic Reports: Communicating through graphs and diagrams
 Combined Reports: Communicating using all the three of the above.
The presentation of a research study can be done in a number of ways. They may be
termed as:
 Technical Report: When a full written report of the study is required either for
evaluation or record keeping or for public dissemination. The contents of
technical report are methodology used objective of the study. Assumption or
hypothesis of the study, sources of data and collection of data and detailed
presentation of findings with evidence and their limitations.
 Popular Report: Reports which gives importance on simplicity and
attractiveness, simplicity can be achieved through clear language and
minimization of technical details whereas attractiveness can be done through
attractive layout, use of graphs, charts, diagrams and pictures.
 Research Articles: Findings of research study can be published in the form of a
short paper called an article. It generally prepared for publication in journal
presentation in seminars and conferences.
 Monograph: A long essay on single subject. It is classified on the basis of
nature of presentation or on the basis of approach. Examples of such reports are
o Journalistic Report
o Business Report
o Project Report
o Dissertation
o Enquiry Report
o Thesis
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5.5

STAGES IN PREPARATION OF REPORT

Preparation of Research Reports go through the following stages:
-

Logical understanding and analysis of the subject matter.
Designing the final outline of the report
Preparation of the rough draft
Finalization of the Report

Logical understanding and analysis of the subject matter: It is the first stage which
is concerned with the development of a subject. There are two ways to develop a
subject namely logically and chronologically.
Logical development is done on the basis of mental connections and associations
between one aspect and another by means of logical analysis. On the other hand
chronological development is based on sequence in time or happening of the events.
Designing the final outline of the report: It is the second stage in writing the report.
Under this stage we have to structure the report, order the paths and sketch them
properly. It is the planning and organizing stage.
Preparation of the rough draft: This is the third stage of drafting of the report. The
vital stage of report writing is the third stage because the researcher can communicate
clearly, scientifically and logically. The details of his / her study to interested parties.
Finalization of the Report: The last stage, perhaps the most difficult stage of all
formal writing. It takes more time for polishing and giving finishing touches. A careful
revision of rough draft in the light of development of subject, presentation cohesion and
mechanics of writing (Language, Grammar, and Spelling) should be done for
finalization of report.
5.6

CHARECTERISTICS OF A GOOD REPORT

Research report is a channel of communicating the research findings to the readers of
the report. A good report can take this challenge efficiently and effectively. A report is
good when it full fills the following characteristics.
 The report must be clear
 It should neither too short nor too long
 It is written is an objective style, simple language, correctness and precisely
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5.7

It must fulfill sound interpretation, logical organisation, constructive thinking.
It should not be dull. It is forceful
It must be accurate but not exaggerative and superlative
It should be specific and pinpointing through familiar words and unambiguous
statements.
It should be sequential, logical flow of ideas
Reliability is the basic element of a good report
Report should be prepared through proper graphing, short sentences,
illustrations, examples, section heading, use of charts, graphs, diagrams.
Drawing sound conclusion / Inferences from statistical table without any
repetition.
Footnotes, references should be in proper form. The bibliography should be
reasonably compel and in proper form.
Last but not least the report should be free from all types of mistakes like
language mistakes, mathematical mistakes factual mistakes and spelling
mistakes etc.
STRUCTURE OF RESEARCH REPORT

Structure of a report means the format / outline / sketch of a comprehensive technical
report or research report. Such may differs from situation to situation. The contents of a
report can be broadly divided into three parts:
 Prefatory Items
 Body or text of the report
 Terminal Items
Prefatory Items:
 Blank Sheet
 Title Page
 Approval Sheet
 Researcher’s Declaration
 Dedication
 Preface / Acknowledgement
 Table of Contents
 List of Tables
 List of Graphs and Charts
 List of Cases
 Abstract
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Body or Text Items:
 Chapter 01 : Introduction
 Chapter 02: Presentation or Description
 Chapter N+1: Summary, Conclusion and Recommendation
Terminal Items:
 Appendix
 Glossary
 Bibliography
 Index
 Blank Sheet
5.7.1 Prefatory Items: The front pages of the report contain various preliminaries
which are as follows:
 Title Page: The precise and concise description of the title of the research
study, the name of the author, name of the institution to whom it is submitted,
the date of presentation.
 Approval Sheet: Certificate of approval required either from the research
supervisor or from institution which provide the research facilities must be
given.
 Researcher’s Declaration: A researcher should declare that it is his/her
bonafide and original work done by him/her.
 Dedication: If the author wants to dedicate the work to whomsoever he/she
likes, he she may do so.
 Acknowledgement / Preface: Under such the researcher signifies his/her
gratitude to individuals / organisations for their assistance and support.
 Table of Contents: It is an outline of the contents of the report. It contains the
list of chapters, their title with page number.
 List of Tables: Data collected and interpreted will be presented in the form of
tables. The table may be listed chapter wise with page numbers.
 List of Graphs/ Charts/ Figures: All will be listed with page numbers.
 List of Cases: If such cases are many all will be listed.
 Abstract: It is a synopsis. It is a brief and precise statement showing the
purpose and summary of findings or the result of the study.
5.7.2 The Text / Body of the Report:
It is the major and main part of the report. It consist of the text and context chapter of
the study. Broadly the body part of the report is divided into 3 parts
Odisha State Open University, Sambalpur

Page 124

a) Introduction
b) Description and Discussion of Evidence and Findings
c) The summary, Conclusions and recommendation
Introduction: It covers the theoretical background of the problem and the methodology
adopted for attracting the problem. The main headings of introduction include:
-

Significance of the topic under study
Theoretical background of the topic
Statement of the problem
Review of Literature
Objective of the Study
Hypothesis to be taken
Definitions of items, concepts and units of the study
Scope of the Study
Period of the Study
Sources of Data and Methods of Collection
Sampling Design
Data Collection Instruments
Field Work
Data Processing and Analysis
Limitation of the Study
Chapter Plan

Description and Discussion of Evidence:
It forms the main and major part of the report. It is divided into several chapters
depending on the objective of the study, Chapters are arranged in logical order. Each
chapter should be given an appropriate heading. Each chapter should end with a
summary and lead to next chapter. The following aspects are taken into care while
dealing with the subject matter of text. These are headings, quotations, footnotes and
exhibits.
Headings may be
- Centre Head
- Centre Sub Head
- Side Head
- Paragraph Head
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Quotation Marks
Double quotation marks like (“ ”) are used. There are 5 ways of introducing a quotation
like introduction, interpolation, end reference, intended paragraph, running into a
sentence.
Footnotes: A footnote indicated the source of the reference or provides an explanation
of unimportant item to be included in text under traditional system both kinds of
footnotes are treated in the same form and can be displayed either at the bottom of the
page or at the end of the chapter or book.
Footnotes is essential for the readers to reveal the original source or others contribution
towards the study. In modern system explanatory footnotes are placed at the bottom of
the page and linked with the text with a foot note number.
Exhibits:
Tables, References and Interpretations, Identification, Checklists are to be properly
shown / displayed for better understanding and convenience.
5.7.3: Terminal Items:
After text / Body part of the report terminal items are to be considered. The terminal
items include
- Appendices
- Bibliographies
- Glossary
- Index
Appendices: The supplementary / secondary references are put in the appendices
section. But primary items are placed in the body / text part of the report. Appendices
help the authors to authenticate the thesis and helps the readers to check the data.
Appendices can be serialized with capital letters (A, B, C, D etc.) to differentiate from
chapters or table numbers. All appendices are listed in the table contents.
Bibliographies: It contains the source of every reference cited in the footnote and any
other relevant works that the author has consulted. It is followed by appendices and can
be serialized with capital letter.
Glossary: It is a short dictionary giving definitions and examples of terms and phrases
which are technical and unfamiliar in nature. It appears after bibliography. It may also
appear in the introductory pages after list of tales and illustrations.
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Index: Both types of Index like subject index and author index generally used for a
report prepared for publication or intended as a work of reference.
Author index consist of important names of persons included in the report, arranged in
alphabetical order. Whereas subject index includes a detailed reference to all important
matters discussed in the report like places, events, definitions, concepts etc. and
presented in alphabetical order.
5.8

CHEK LIST FOR THE REPORT

Before putting a report for final typing and printing it is essential to check for
satisfaction about the draft, format and all other relevant aspect complied / furnished as
per requirement or not. For this purpose the author for this satisfaction has to check
various things so as to reach at the point that all things are inserted and nothing is left
generally a check list is given for which positive / yes answer is expected. The
specimen of check list is given below:
i.
ii.
iii.
iv.
v.
vi.
vii.
viii.
ix.
x.
xi.
xii.
xiii.
xiv.
xv.
xvi.
xvii.

Is title of the report accurately described the content?
Is the scope of the study limited?
Is the research problem properly specified?
Are the objectives of the study conceived well?
Are the hypothesis made explicit?
Are the plans of research designed properly?
Are the appropriate methods or techniques selected for testing of hypothesis?
Whether relevant data are collected ad arranged logically?
Is the presentation of argument clear and logical maintained through the study?
Are the previous works on this problem reviewed in the report?
Is the Chapter flow Logical?
Are the forms of presentation (Textual, Tabular, and Graphic) properly used?
Does the summary really summarized?
Are the quotations and references relevant?
Is bibliography complete and correct?
Are you able to convey what you mean?
Can’t the report be further improved?
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5.9

LET US SUM UP

Reporting is the final stage of research study. Research results, findings and conclusion
drawn have to be communicated through such reporting. Reporting can be done in two
ways like orally or in writing, written reports are permanent, more accurate and
authentic than oral. But on the basis of requirements reports can be of two types namely
Technical Reports and Popular Reports.
Report writing goes through different stages like logical understanding of subject
matter designing the final outline of the report preparation of rough draft and polishing
cum finalization of the report. A report should bear certain essentials like clarity,
accuracy, coherence and reliability.
The structure of a report is composed of three main parts like prefatory part, body part
and terminal part. Prefatory Part contains title page, certification, preface,
acknowledgement, List of tables their contents charts and figures etc.
The body part consist of various chapters. The last consists of appendices bibliography
glossary and Index. After preparation of report it must be thoroughly checked to satisfy
that everything is all right and satisfactory. Then after it is given for final typing.
5.10













KEYWORDS
Abstract: It is a short summary of the report. It is otherwise known as synopsis.
Article: A short paper prepared for publication in journal / presentation in
seminars and conferences.
Bibliography: Published and unpublished references used in the report and
arranged in alphabetical order.
Dissertation: A formal and lengthy discourse is called dissertation.
Foot Note: An explanatory note/ material source shown at the bottom of the
page.
Glossary: A list of words / short dictionary
Layout: Sketch, Design, Structure
Monograph: A treatise on a single subject.
Report: An account of the research study
Reporting: Communicating through report
Thesis: Formal and lengthy research paper presented as a part of the
requirement for a degree (Example : PhD)
Index: Name of persons or subjects arranged in alphabetical order showing the
name of persons (authors), Place, events definitions, concepts etc.
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5.11







5.12

FURTHER READINGS
Mishra Business Research Methods, Oxford University Press.
Business Research Methods and Project work, Priyaranjan Dash, Vrinda
Publications (P) Ltd
Business Research methods, S.C. Agarwal, V.K. Global Pub. Pvt. Ltd., New
Delhi.
Upgrade & Shende – Research Methodology – S. Chand
A.K.P.C. Swain, Business Research Methods and Project work, Kalyani
Publishers, New Delhi
Dangi, H.K. Business Research methods, Cengage Learning
Chawla Deepak – Research Methodology – Vikash Publication
TERMINAL QUESTIONS

1) What is reporting? Discuss its purpose and also show how reporting differs
from report?
2) Distinguish between
a. Oral Reporting and Written Reporting
b. Technical Report and Popular Report
c. Bibliography and Footnote
d. Articles and Monograph
e. Formal Report and Informal Report
3) What is report? Discuss the characteristics of a good report.
4) What is reporting? Discuss the different stages in the preparation of a report.
5) Discuss the different type’s reports.
6) Briefly describe the structure of a report
7) What are the various aspects that have to be checked before giving the final
typing?
8) Give a brief note on the prefatory items.
9) What are the various items that will find a place in the body of the report?
10) Describe briefly how a research report should be presented?
11) Give a note on terminal items in the structure research report.
12) Write short notes on :
a. Research Articles
b. Characteristics of a good report
c. Technical Report
d. Formal Report
e. Check List
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f.
g.
h.
i.
j.
k.
l.

Monograph
Footnote
Index
Bibliography
Appendix
Glossary
Abstract

Odisha State Open University, Sambalpur

Page 130

