
ISBN : 978-81-8441-993-1

July | 2020 | P2706 (New)

Handbook 
on 

Usage of Statistical Test and Software in 
Business Data Analysis – Beginners Module

H
andbook on U

sage of S
tatistical Test and S

oftw
are in B

usiness D
ata A

nalysis – B
eginners M

odule

 Research Committee 



Handbook  
on  

Usage of Statistical Test and Software in 
Business Data Analysis – Beginners Module 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Research Committee 

The Institute of Chartered Accountants of India 
(Set up by an Act of Parliament) 

New Delhi 



© THE INSTITUTE OF CHARTERED ACCOUNTANTS OF INDIA 

All rights reserved. No part of this publication may be reproduced, stored in a 

retrieval system, or transmitted, in any form, or by any means, electronic, 

mechanical, photocopying, recording, or otherwise without prior permission, in 

writing, from the publisher. 

 

 

Edition : 

Committee/Department : Research Committee 

E-mail : research@icai.in 

Website : www.icai.org 

Price : ` 110/- 

ISBN :  978-81-8441-993-1

July, 2020

Published by : The Publication Directorate on behalf of                 
The Institute of Chartered Accountants of India, 
ICAI Bhawan, Post Box No. 7100, 

  Indraprastha Marg, New Delhi – 110 002 (India) 
Printed by : Sahitya Bhawan Publications,  
  Hospital Road, Agra – 282 003 
               July | 2020 | P2706 (New) 



Foreword 

Business Data Analysis includes the activities that help managers to take 

informed strategic decisions, achieve major goals and solve complex 

problems by collecting, analysing and reporting the most useful information 

relevant to requirements. These activities can include identifying and 

verifying potential strategies, solutions and testing the feasibility of the most 

favoured solutions. Analysis are based on relevant, accurate and reliable 

information, often involving interactive and automated statistical analysis or 

data analysis. 

In the world of new age business intelligence ecosystem, statistical analysis 

is a smart way for organisations to collect, analyze and present data and 

make better decisions. In this direction, I am happy to note that the Research 

Committee of the Institute of Chartered Accountants of India (ICAI) is 

bringing out this handbook on ‘Usage of Statistical Test and Software in 

Business Data Analysis – Beginners Module’. This handbook is an effort 

to bring all the relevant topics of business research at one place for the ease 

of reference to the users of this handbook.   

I compliment CA. Anuj Goyal, Chairperson, CA. Kemisha Soni, Vice-

Chairperson, and  members of the Research Committee  for their invaluable 

contribution in preparation of this Beginners Module for the benefit of 

members and other stakeholders. 

I hope that this handbook will be immensely helpful to the members as well 

as to the others concerned.  

 

New Delhi  CA. Atul Kumar Gupta 

June 29, 2020 President, ICAI 



 

 

 



Preface 

Statistical test provides a mechanism for making quantitative decisions about 

a process or processes. The intent is to determine whether there is enough 

evidence to reject a conjecture or hypothesis about the process. Software 

are a set of tools used to retrieve, analyse and transform data into useful 

business insights. Use of appropriate statistical test and software leads to a 

good analysis of business data for making meaningful decisions.  

This handbook on ‘Usage of Statistical Test and Software in Business 

Data Analysis- Beginners Module’ is a compilation of user-friendly 

understanding of topics of research with easy language and presentation at 

one place for beginners. It comprises of classification of business research, 

steps of business research process, definition and types of hypothesis, data 

collection and entry, process of hypothesis testing. 

I am thankful to CA. Atul K. Gupta, President, ICAI and CA. Nihar N. 

Jambusaria, Vice President, ICAI for inspiring me to conduct this study.  

I would like to thank Dr. Vishwas Gupta, Resource Person and Dr. Amit 

Kumar Agrawal, Secretary, Research Committee for drafting the publication.  

My sincere thanks to CA. Kemisha Soni, Vice-Chairperson, Research 

Committee, CA. Deepak Brij Gupta, Co-opted Member, Research Committee 

and members of the Committee for their invaluable contribution to bring the 

publication in present form.  

I would also like to compliment the Secretariat of the Committee for their 

untiring efforts in bringing out this handbook. 

I hope that this endeavour of the Research Committee will be immensely 

helpful to the members as well as to the others concerned.  

 

June 21, 2020 CA. Anuj Goyal  

New Delhi Chairman, Research Committee  
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How to Use the Book 

This book is an effort to bring all the relevant topics of business research at 

one place for ease of students. Many students have raised an issues that 

most of the books on research are written with too much details. Some of 

those details are not required for the beginners. Also, the language used in 

those books is not user-friendly. In this book, we have tried to overcome 

those shortcomings. All the relevant topics of research have been brought at 

one place. Ease of language and easy presentation have been taken care of. 

The data analysis has been explained in two ways manually as well as with 

the help of software applications. We have used MS-Excel and SPSS for 

data analysis. 

 Students must install the MS office. We recommend MS office 2019. In MS-

Excel the student has to add data analysis tool under data tool.  Students can 

click on file→ options → Add Ins → Select analysis tool pack → Click Go 

→Select analysis tool pack → Click OK. 

Also, students must have installed the SPSS. They should prefer SPSS 20.0 

or higher version. They can take the help online as to how to install the 

SPSS. 

With both these applications, students can solve different data analytical 

problems in three ways. It is hoped that the book will guide students to 

understand the concept of Research easily. 



 

 



Symbols 

 (Chi) Used in calculation of Chi-square test 

∑ (Summation) Used to show the sum of different variables 

µ (Mew) Mean of population 

df Degree of freedom 

e Margin of error 

H0 Null hypothesis 

H1 Alternate hypothesis 

r Correlation 

R2 Coefficient of determination 

x ̄ Mean 

α (Alpha) Level of significance & Type I error 

β (Beta) Type II error (1 – β: Power of test) 

σ (Sigma) Standard deviation of population 





Chapter 1  

Introduction to Business Research / 
Data Analysis 

Research is an essential component for any field of study. The most basic 

necessity of research is data. In different scientific courses we have 

laboratories for data collection. However in case of social sciences, the data 

is collected from the environment with the help of various types of 

instruments. Environment here refers to Internet, market, consumers and 

much more. ‘Instruments’ here refer to the questionnaire, observation, 

focused group discussion and in-depth interviews etc. The data is collected 

in the form of detailed report, individual observation details, responses in the 

form of numerical data etc. The data is analyzed with the help of suitable 

statistical tools to approve or disapprove the theoretical assumption of 

research. Based on the findings, recommendations are suggested. 

Business research is a systematic and scientific procedure of data collection, 

compilation, analysis, interpretation and finding the implications pertaining to 

any business problem. It is an important tool to collect information of 

business for decision making in any business activity. The information must 

have certain characteristics as under: 

 

• Accurate 

• Current 

• Sufficient 

• Availability 

• Relevant 
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But now the scenario has changed and business research has become a 

necessity due to the following reasons:  

 

• Physical separation 

• Intermediaries 

• Job specialization 

• Size of the market 

• Complexity of the market 

• Need for more information  

It aims at collecting the data from customers and market, analyzes it and 

provide relevant and required information. Therefore, its functions can be 

divided into description, explanation and prediction & evaluation of data to 

provide accurate information. It also supplies the necessary inputs for  

planning for future activity, control of business operations in the present and 

evaluation of business results. 

It is widely practiced in American companies and elsewhere abroad. In India 

it is still not applied in all companies. In India companies use marketing 

research mainly for estimating the market potential, analyzing the market 

share and characteristics of sales. It is also used for forecasting the sales 

and understanding the business trends. 

Classification of Business Research  

Business research can be classified on the basis of various criteria. 

Essentially it is of two types only:  
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• Basic research: This type of business research verifies the 

acceptability of a given theory like performance behaviour analysis 

and verifying the Pavlov’ classic conditioning. 

• Applied research: This type of business research tries to answer the 

questions about some specific business problems like to know the 

reasons for product failure and to know the causes for higher attrition 

rate. 

Another classification is based on problem-identification and problem-solving 

research. In ‘problem-identification research’ we try to identify the various 

reasons and causes responsible for the business problems while in case of 

problem-solving research we try to provide the solution for the business 

problem. Both types of problems can be analyzed with the help of various 

approaches (Fig 2). We will discuss these approaches in details in the later 

part of this Chapter. 

 
Figure 1: Examples of both types of researches 

 

Figure 2: Approaches to both types of researches 
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Business research is also known as a ‘Scientific research study’. It is a 

systematic, controlled empirical and critical investigation of hypothesis 

propositions about presumed relations. It provides information that may 

assist business managers to recognize and react to business opportunities 

and problems. The various approaches to problem solving are observation 

technique, define the variables and develop hypothesis, test the hypothesis 

empirically, and arrive at statistical conclusions.  

An empirical research consists of developing of hypothesis based on 

induction method and accepting or rejecting the hypothesis statistically and 

then again use the hypothesis to conclude the result in a deductive method.  

A good research is not necessarily based merely on statistical conclusions. It 

can be based on theoretical analysis of assumptions. We use various 

qualitative measures to analyze such business problems like case study 

methods, ethnography, phenomenology, ground theory and field research 

methods. Such type of business research is useful when the data studied is 

unstructured and non-numerical.  

In the case of structured and numerical data, we prefer the quantitative 

measures to analyze the business problems. We use different types of 

statistical test to test the hypothesis. The tests can be divided into parametric 

and non-parametric. The selection of a test based on nature of data and 

research objectives.  

Conducting a business research is an art. It requires the creativity and logical 

reasoning. A sincere and honest effort from a researcher is  the prerequisite 

for a good research. A researcher should try to find the answers on the basis 

of data available only and his own thoughts and presumptions must be kept 

aside. The analysis must be done keeping in mind the interests of all the 

stakeholders. The outcome of the research must be useful for society, 

business managers, academicians and other researchers.  



Chapter 2  

Steps of Business Research Process 

A proper chronological sequence of steps is required to conduct business 

research. The research process consists of a series of actions or steps 

necessary to effectively carry out the research and the desired sequencing of 

these steps is must.  

 

1. Define Research Problem: The tentative and general statements of 

problems obtained in the identification phase are converted into researchable 

questions and propositions. Clear and unambiguous statements of the 

problem are made and the information required for research is stated. For 

this we use deductive as well inductive theory.  

2. Review of Literature: The previous research reports, research papers 

and projects are evaluated in this phase. The review of literature tries to 

answer the following questions: 

What are the major issues and debates about the topic? What are the key 

sources? Who are the key authors? Who influenced them? What are the key 

Formulate Hypothesis 

Design Research (including sample design) 

Collect Data (Execution) 

Analyze Data (Test Hypotheses if any) 

Interpret and Report 

Define Research Problem 
Review Concepts and theories 

Review Previous Research Findings 

 

Literature  

Review 



HB on Usage of Statistical Test and Software in Business Data Analysis… 

6 

concepts, models, principles, theories and ideas? What are the main 

questions and problems that have been addressed to date? What are the 

origins of the topic? 

 

How has it been defined? Official sources; academic definitions. What is the 

context to the topic? How is knowledge on the topic structured and 

organized? 

The critical literature review is central point of a good research. There are 

different sources of literature review. They can be classified as under : 

Primary Sources: Reports, theses, emails, conference Reports, company 

reports, some Govt. publications, and unpublished manuscript sources. 

Secondary sources: Newspapers, books, journals, and internet.  

Tertiary sources: Indexes, abstracts, catalogues, encyclopedia, dictionaries, 

bibliographies, and citations.  

The outcome of literature reviews distinguishes what has been done from 

what needs to be done, discovering important variables relevant to the topic, 

synthesizing and gaining a new perspective, identifying relationships 

between ideas and practice, establishing the context of the topic or problem 

and rationalizing the significance of the problem.  

3. Research Objectives: The literature review provides us the information 

about what work has been done regarding that business problem and what 

work has not been done so far. The later part is written in the form of 

literature gap. On the basis of literature gap, we develop the research 

objectives of our study. The research objectives must be minimum 3 in 
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numbers. Based on the research objectives we postulate the hypothetical 

model or research framework for our study. Based on the objectives and 

framework we develop the hypothesis for our study.  

4. Formulate Hypothesis: The problem definitions/propositions are 

converted into hypothesis or models, which are in testable form to ascertain 

whether they can be verified statistically or are feasible for solution 

procedures. Hypothesis and theoretical framework are parts of the research 

problem formulation. 

Variables required for solving the problem are identified, partly from literature 

and partly by the researcher for defining the problem. The problem is related 

to the existing research-theories, constructs, and hypothesis in a theoretical 

framework that will ensure step-by-step progress of knowledge (as in pure 

research) or a strong basis for the current problem solving (as in applied 

research). 

5. Research Design / Methodology: A research design is a framework or 

blueprint for conducting the marketing research project. It details the 

procedures necessary for obtaining the information needed to structure or 

solve marketing research problems. It is the arrangement of conditions for 

collection and analysis of data in a manner that aims to be relevant to the 

research purpose with economy in procedure. The design helps a researcher 

to utilize the available resources efficiently to achieve the research 

objectives. This involves the following steps: 

(i) Determining the type of research to be carried out for data collection: 

Secondary data, experiment, ex-post facto, or model building. 

(ii) Selection of the measurement and scaling of the variables: Whether 

questionnaire, or observation or interview technique should be used. 

(iii) Selection of the representative sample: Specification of how many 

respondents, and what kind of respondent or objects to measure.  

(iv) Selection of the appropriate method/techniques of analysis of data.  

(v) Preparation of a research proposal.  

(vi) In addition to the above steps in research design specification of the 

time schedule of research. 

Classification of research design: The research design broadly can be 

classified into qualitative and conclusive research.  
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Qualitative Research: The main objective of this research is to provide 

insights and understanding of the business problem. Information required is 

roughly defined only. Research process is flexible and unstructured.  Sample 

is small and non-representative. Analysis of primary data is qualitative. 

Findings are tentative in nature. Generally, outcomes of this research are 

followed by further exploratory or conclusive research. This research is often 

used in the front end of total research design. The different methods of this 

type of research are expert surveys, pilot surveys, case studies, 

ethnography, grounded theories etc. Different usage of qualitative research 

is: 

(i) Formulate a problem or define a problem more precisely 

(ii) Identify alternative courses of action 

(iii) Develop hypothesis 

(iv) Isolate key variables and relationships for further examination 

(v) Gain insights for developing an approach to the problem 

(vi) Establish priorities for further research 

Conclusive Research: This type of research design is used to test specific 

hypothesis and examine relationships. The Information required is clearly 

defined. Research process is formal and structured. Sample is large and 
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representative. Data analysis is quantitative. Findings are conclusive in 

nature and used as input into decision making. This research can be further 

divided into descriptive and conclusive research.  

Descriptive Research: The main objectives of this is to describe business 

characteristics or functions. It is marked by the prior formulation of specific 

hypothesis. This research is well preplanned and structured design. The 

different methods used for this research are secondary data, quantitative 

analysis, surveys, panels and observations. Different usage of descriptive 

research is: 

(i) To describe the characteristics of relevant groups, such as consumers, 

salespeople, organizations, or market areas  

(ii) To estimate the percentage of units in a specified population exhibiting 

a certain behavior  

(iii) To determine the perceptions of product characteristics 

(iv) To determine the degree to which marketing variables are associated 

(v) To make specific predictions 

Causal Research: The main objective of this research is to determine the 

cause and effect relationships. The manipulation of independent variables  

and effect on dependent variables are studied here. The controlling of 

mediating variables and experiments are conducted in this research. 

Measurement and Scaling: Research data consists of quantitative variables 

like price, income, sales etc. and, qualitative variables like knowledge, 

power, performance etc. The qualitative measures must be converted into 

numerical form for further analysis. This is possible through measurement 

and scaling techniques. The assignment of numbers or other symbols to 

characteristics of objects according to their pre-specified rules is known as 

measurement while the generation of continuum upon which measured 

objects are located is known as scaling. Scaling is a tool used to convert 

qualitative data into quantitative data. 

Four different types of measurement scales are widely used. Nominal, 

ordinal, interval and ratio scales.  

Nominal scale: This is also known as categorical scale. Numbers serve as 

“tags” or “labels” only, to identify or classify an object. Measurements do not 

make any quantitative distinctions between the observations. “How would 
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you describe your behavior?” Select ‘1’ for Extrovert and ‘2’ fo r Introvert and 

‘3’ for Ambivert. A respondent selecting ‘3’ on the scale does not imply that 

Ambiverts are three times better than extroverts. 

 

Ordinal scale: “Ordinal” indicates “order”. It reports the ranking and ordering 

of the data without actually establishing the degree of variation between 

them. A restaurant measuring the level of customer satisfaction for the ‘new 

dish’ introduced in their menu has asked the following questions while 

conducting research. The ratings so provided are as: 5 Star-Excellent, 4 

Star-Good, 3 Star-Average, 2 Star-Poor, 1 Star-Worst.  

 

Interval scale: A scale in which the numbers are used to rank attributes such 

that numerically equal distances on the scale represent equal distance in the 

characteristic being measured. Contains all the information of an ordinal 

scale, but it also allows one to compare the difference/distance between 

attributes. It is a measurement scale where the difference between two 

variables is meaningful. Difference between two variables on a scale is an 

actual and equal distance. Scale has no true zero point. For example, the 

difference between ‘1’ and ‘2’ is equal to the difference between ‘3’ and ‘4’. 

Further, the difference between ‘2’ and ‘4’ is twice the difference between ‘1’ 

and ‘2’. Measuring temperature is an example of interval scale. But we 

cannot say 40°C is twice as hot as 20°C or Zero-degree temperature does 

not mean there is no temperature existing. 
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Ratio scale: Ratio scale allows any researcher to compare the intervals or 

differences. It possesses a zero point or character of origin. Examples: 

Sales, profit, wages, units of production, weight, height, age etc. A 

researcher is undertaking a research project on “Problems faced by people 

living in Slums in Mumbai”. He can ask a question on number of children 

living in each household.  

 

Sampling: Data collection is one of the important steps of business 

research. It requires proper planning and execution. It is very difficult to 

collect data from each and every member of the population and therefore, we 

select a small subset of this large data which truly represents the entire 

population. This dataset is known as sample and the process of collecting 

the data from this sample is known as sampling technique.  

 

Sampling Technique: How to select the sample is known as sampling 

technique. It has two basic parameters. First the representative basis, if each 

and every member of population has equal chances to be selected as 

sample (probability sampling) or not (Non-probability sampling). The second 

parameter is level of restrictions to the researcher, whether he is free to 

select any member as sample (unrestricted sampling) or he is not free 

(restricted sampling). On the basis of these two parameters few sampling 

techniques have been proposed. 

Determining the sample size: Choose a sample that is large enough to 

approximate all the variation likely in the population and yet, small enough to 

provide significant savings in cost and time. The size of sample depends on 
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the importance or the value of information required, the cost involved, the 

time available and the extent of variation in the population. Two factors affect 

the sample size:  

Confidence level - Degree of confidence you have in results. Most obvious 

value of it is 95%. It means that 95% research is sure that his results are 

true.  

Confidence interval - Margin of error you are prepared to accept. It is 

denoted by e. Most obvious value of e is 10%. It means that there may be 

10% errors in your findings. 

Different methods are recommended to calculate the appropriate sample 

size: Ad-Hoc method - Rule of Thumb; 1% sample from the finite  

population (SS at least 25-30). If you are dividing your population into sub-

groups then each sub group will consist of the same percentage. If you are 

going to apply factor analysis; the sample size must be at least  

5 times the number of questions available in the questionnaire.  

There are few online calculators also available to determine the  

sample size http://www.surveysystem.com/sscalc.htm and 

http://www.opinioni.net/sample.php 

Here you provide the basic requirement for your research like confidence 

level, confidence interval, population etc. It will give you the required number 

of sample size to proceed for data collection. 

http://www.surveysystem.com/sscalc.htm
http://www.opinioni.net/sample.php


Chapter 3  

Hypothesis – Definition and Types 

Hypothesis are presumed answers for the research objectives. Minimum two 

variables are required to develop a hypothesis. It tests the relationships 

between two or more variables. Hypothesis tells us the Kind and magnitude 

of relationship. For example; ‘Height (variable) depends on age (variable)’ , 

‘Rahul’ (case) has a higher-than-average achievement motivation (variable, 

Students of research class (cases) have a higher-than-average achievement 

motivation (variable). 

To predict a relationship between two variables, we formulate two hypothesis 

statements. One that describes your prediction and one that describes all the 

other possible outcomes with respect to the hypothesized relationship. Your 

prediction is that variable A and variable B will be related (you don't care 

whether it's a positive or negative relationship). The only other possible 

outcome would be that variable A and variable B are not related. Usually, we 

call the hypothesis that you support (your prediction) the alternative 

hypothesis, and we call the hypothesis that describes the remaining possible 

outcomes the null hypothesis. 

The alternate hypothesis is written as H1 or HA, while, the null hypothesis is 

written as H0 or HO. 

In case, you are investigating the effects of a new sales training program. 

You believe one of the outcomes of the program will be higher sales. You 

want to test the significance of training program on sales. Your two 

hypothesis might be stated something like this:  

The null hypothesis for this study may be:   

H0: As a result of the company sales training program, there will be no 

significant difference/increase in sales. 

This will be tested against the alternative hypothesis:  

H1: As a result of the company sales training program, there will be a 

significant difference/increase in sales. 

(Generally null hypothesis is a negative statement. You prefer to frame null 

hypothesis in the form of that statement which is incorrect.) 
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Hypothesis Error: In testing of hypothesis*, a researcher generally may 

come across some errors. These errors may be in framing the hypothesis or 

in testing the hypothesis. 

 

There can be four possible outcomes for hypothesis testing: 

• The hypothesis is true but test leads to its rejection 

• The hypothesis is false but test leads to its acceptance 

• The hypothesis is true but test leads to its acceptance 

• The hypothesis is false but test leads to its rejection 

If we look at all four outcomes, two errors are possible during hypothesis 

testing. They are known as Type I and Type II error.  

Type I error: The hypothesis is true but test leads to its rejection. In a 

technical term it is (α); level of significance. This is the probability a 

researcher is ready to accept in his work. (1-α) is called the confidence level. 

Type II error: The hypothesis is false but the test leads to its acceptance. In a 

technical term, it is (β). 1−β and is called the power of the test. α is inversely 

proportional to β. 

(* Testing the hypothesis, it refers to null hypothesis always) 

Data Collection and Data Entry 

Now when, the required variables have been extracted from literature review, 

the research objectives have been defined, the research framework has been 



Hypothesis – Definition and Types 

15 

proposed, hypothesis have been framed and research methodology has 

been decided, the questionnaire should be prepared.  

The questionnaire must be strictly based on research objectives. It must try 

to satisfy all and answer issues which are sought to solve that business 

problem. The close-ended questions should be preferred while dichotomous 

questions should be avoided. The questionnaire must be divided into few 

sections. Each section must try to satisfy each of the objectives. 

A good questionnaire must be developed in proper format. It must start with 

declaration stating what you are expecting from the respondent, why are you 

doing this survey and state that information given by respondents will be kept 

confidential. It should also provide a little information about the topic or 

business problem for which you are collecting the data. At the end, a proper 

acknowledgement note must be added. 

The Questionnaire should not be too long. A good questionnaire must not 

exceed two pages. The languages used for the questions must be 

grammatically correct and easy to understand. Questions must be arranged 

chronologically and questions related to demographic data should be at the 

end of questionnaire. Too much personal questions should be avoided 

unless they are part of your study.  

A one to one survey is mostly recommended because it helps both the 

respondent as well as researcher to get the best outcome. But nowadays 

online questionnaire is also preferred, it saves the paper and also helps to 

collect the data in MS-Excel easily. There are various online websites which 

provide this type of services, where a researcher can develop the question 

online and collect the data in soft format in excel sheet. Few of those 

platforms are Google form, Survey Monkey, Qualtrics, Type form, and Survey 

Legend.  

After collection of data, data management is required.  

Data Entry into MS-Excel 

If the data has been collected online, the ready-to-work data sheet in MS-

Excel format can be downloaded from that online software where the 

questionnaire has been created. If the data is collected physically, each 

individual response must be entered in MS-Excel cautiously. The variables or 

questions must be entered in first row column wise, while the responses of 

each respondent must be filled from 2nd row onwards. Look at the following 
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example: 

 

Now, this text data must be converted into numeric format. We can assign 

unique number to each option of a question like in case of gender, the male 

can be assigned 1 and female can be assigned 2 and in case of price we can 

assign 1 to ‘not at all important’, 2 to ‘least important’, 3 to ‘neutral’, 4 to 

‘important’ and 5 to ‘highly important’. The data now will look like this. 

 

Data Entry into SPSS 

Now when the Excel data sheet is ready, we have to enter the data into 

SPSS. We will discuss SPSS 22.0 version here. When you start SPSS in 

your computer, it opens two different files. One is called data editor and the 

second data viewer. In data editor we enter or modify the data, while in 

viewer, we can find the output of statistical analysis.  

In data editor, we find two different sheets or tabs. They are data view and 

variable view. In variable view, the details of variables is entered while in 
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data view, we can enter the data of individual responses for those variables.  

 

First, we have to enter the variables. This sheet contains the following 

parameters. A researcher should first provide the details of variables as 

under : 

Parameters Details 

Name Name of variable must be unique and a single word. 

SPSS does not accept variable name in two words. 

Name of variable must be clear and short too. 

Type 9 different types of variables can be entered into SPSS. 

Numeric, comma, dots, scientific notation, date, dollar, 

custom currency, string and restricted numeric.  

Width It shows the number of digits or characters allowed to 

enter for that variable  
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Decimals It gives the number of decimals required in the numeric 

data 

Label Since the name of variable must be in one word, we can 

give the proper details of variable here. 

Values This is an important step in data entry. We have to 

assign the values for each of the options. For example: In 

case of gender, 1 can be assigned to male and 2 to 

female. 

Missing Any missing value in that variable is counted here. 

Columns This provides the column number, can be arranged 

manually. 

Align Alignment of values in the cell can be adjusted here. 

Measure This is also an important step in data entry. SPSS 

understand three different types of data for different 

statistical calculations. It accepts nominal and ordinal 

and ratio data. For interval and ratio data both we can 

assign measure value as ratio only. 

Role The role of the variable is automatically selected. When 

you feed the data first time it is considered as input or 

independent variable, while target is for output or 

dependent variable 

After entering the data, the data editor looks like this: 
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Before we go for further analysis of data, we have to check the following 

characteristics of data. 

1.  We must avoid uniformity (Similar responses for all questions) in the 

individual responses. To check this, we calculate the standard 

deviation of all the responses given by a respondent. If the value of 

standard deviation is near to zero, it means the respondent has given 

almost same answers to all the questions. We must delete the data of 

this respondent. (This must be done in MS-Excel only before importing 

the data into SPSS). 

2.  We should check the N/A values in each of the variables. The 
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presence of N/A may disturb the statistical calculations. We should 

replace all N/A with the mean of the rest of responses given by 

respondents for that variable. (This must be done in MS-Excel only 

before importing the data into SPSS). 

3.  That data should be normally distributive. We generally don’t get the 

perfectly normally distributive data; actually it must be slightly normally 

distributive. Various methods are available to check the normality of 

data. The easiest way to check the normality is to test the mean, 

median and mode values of the data. If there is not much difference 

among the three (remember they will never be exactly equal), the data 

is considered approximately normally distributed.  

Step by step process in SPSS to check the normality of data is as under : 
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We get the output from the given table. If you look into this table you will find 

that the values of mean, median and modes do not vary too much for both 

the variables. In case of gender the mean is 1.4, median is 1.0 while the 

mode is 1.0. Therefore, we can say that data has approximately normally 

distributed. In case of age too we can conclude the same output.  
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Statistics 

  Gender Age 

N 
Valid 120 120 

Missing 0 0 

Mean 1.4 2.74 

Median 1 3 

Mode 1 2 

Another method is graphical method. Here we check the Q-Q plot for the 

variables. We follow the below given steps for this: 
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Click on ‘continue’ after each step. The final output looks like the following: 
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The observations of both the variables lie almost on the same plane. 

Therefore, the data is approximately normally distributed.  

Data Cleaning: If the data is normally distributed, we can go ahead with 

further analysis. If we find too much deviation from normal distribution then 

either we can  

1.  clean the data (step 1 and 2 given above), or 

2.  decrease and increase the value of confidence level and confidence 

interval respectively, or 

3.  apply non-parametric test  

Parametric vs. Non-Parametric Test 

Parameters Parametric Test Non – Parametric Test 

Distribution of Data Normal 

Distribution 

Data is not normally 

Distributed 

Spread of Data Different spread Data has same spread 

Info about Population Completely 

Known 

Unknown 

Measurement Level Interval or Ratio Nominal or Ordinal 

Central Tendency Mean Median 
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Correlation Pearson Spearman 

Sample Size Small to Large Very small 

Statistical Power More Statistical 

Power 

More Robust 

Example t-test, z-test, 

ANOVA, 

Pearson 

correlation 

Chi square test, Friedman test, 

Kruskal-Wallis test, Wilcoxon 

signed rank test, Spearman 

correlation 

  



Chapter 4 

Process of Hypothesis Testing 

Hypothesis are hypothetical statement developed to confirm the answer of 

research questions. These hypothesis are based on proposed research 

model. The entire hypothesis testing process is completed through the 

following steps:  

1. Formulate a hypothesis 

2. Set up a suitable significance level 

3. Choose a test criterion 

4. Determine critical value and set the decision rule 

5. Collect the sample data 

6. Analysis and Comparison  

7. Make decisions 

1.  Hypothesis Formulation  

We develop two different hypothesis for each of the problems. The obvious 

answer of the problem is written as alternative hypothesis while the opposite 

of it should be preferred as null hypothesis.  

 

2. Set up a suitable significance level  

Once the hypothesis are decided, we set up a suitable significance level to 

test the hypothesis. It is denoted by α. 

1. MRF Tyres has launched a new brand of tyres for tractors and claims that under 

normal circumstances the average life of the tyres is 80,000 km with standard 

deviation of 5000 km. A retailer wants to test this claim and has taken a random 

sample of 30 tyres and found average life as 95000 km. 

For this, hypotheses are: 

H0 : µ = 80000 

H1 : µ ≠ 80000 
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Significance Level (α) = 1 - Confidence Level 

Generally, the confidence level is 95%; therefore, the most obvious value of 

significance level is 5%. It means that the possibility of rejecting the true null 

hypothesis (Type I error) is 5 per cent.  

 

3. Choose a test criterion  

This is an important step of hypothesis testing process. The selection of 

suitable statistical test depends on few conditions: 

 

(i)  Type of variable (dependent or independent) 

(ii)  Data type (Nominal, ordinal, interval or ratio) 

(iii)  Population size (One, two or more) 

(iv)  Sample size (less than 30 or more) 

We can also select the suitable test based on the following scale given here. 

If the data fulfills all the conditions as shown in the given table, the particular 

test should be used to check the hypothesis. 

2. A company manufacturing automobile tyres finds that tyre-life is normally 

distributed with a mean of 80,000 km and standard deviation of 5,000 km. It is 

believed that a change in the production process will result in a better product 

and the company has developed a new tyre. A sample of 64 new tyres has been 

selected. The company has found that the mean life of these new tyres is 91,200 

km. Can it be concluded that the new tyre is significantly better than old one? 

For this, hypotheses are: 

H0 : µ = 80000 

H1 : µ > 80000 
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t-test - If population or sample proportion is/are one or two only  and sample 

size is less than 30 then data can be collected on nominal, interval or ratio 

scale. To compare the mean values of one or two population, we prefer this 

test. 

z-test - If population or sample proportion is/are one or two only  and sample 

size is equal to or more than 30 then data can be collected on nominal, 

interval or ratio scale. To compare the mean values of one or two population, 

we prefer this test. 

ANOVA - If population or sample proportion is more than two we compare 

the group mean values. In this case one data must be on nominal basis while 

other data can be based on interval or ratio. 

ꭕ2-test - If population or sample proportion is more than two and we check 

the relationship among them, both the datasets must be based on nominal 

scale only.  

4. Determine critical value and set the decision 
rule  

There are two approaches to determine the critical value and setting  the 

decision rule; critical value and p-value approach. 

Critical value approach  

z-test: There are further two types of decision rules in case of z-test. One-tail 

test and two-tail test. To understand it, we have to discuss the normal 

distribution curve. This curve looks like this- 
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The normal distribution curve can be divided into two equal portions, right-

hand tail and left-hand tail. It makes the case as two-tailed test. In such a 

case- 

 

(i)  The area below the entire curve can be represented as 1.0  (means 

100% data lie in this area) 

(ii)  If data is divided into two equal portions, the area is 0.5 (means 50% 

data lie in both right-hand and left-hand side). 

(iii)  Now if the level of significance is 5; in case of two-tailed test it will 

divided into two equal potions too like α/2. It means both side .025 

area will be known as level of significant area.  
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(iv)  Now both side 0.475 area (0.5 -0.025 = 0.475) which will be known as 

region of acceptance. If we look at the value of 0.4750 in z-table the 

corresponding tabular value is 1.96. Therefore, the area from +1.96 to 

-1.96 will be termed as acceptance region while outside area at both 

sides is known as rejection region. It means if calculated value of z lies 

in between +/-1.96, it will fall in acceptance region, the null hypothesis 

will be accepted. If the calculated value is less than -1.96 or more than 

+1.96, it will fall in area of rejection, the null hypothesis will be 

rejected. This +/-1.96 is also known as critical value of z.  

One tail-test: In case of one-tail test (either left-hand or right-hand tail), we 

take the data on either side of normal distribution. Here we are taking right -

hand tail example for demonstration to get the critical value of z. In such  a 

case 
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(i)  The area below the given curve can be represented as 0.5 (means 

50% data lie in this area). 

(ii)  Now, if the level of significance is 5%, it means .05 area will be known 

as level of significant area. 

(iii)  Now, the remaining area of acceptance is left  to 0.45. If we look at this 

value in z-table, the corresponding tabular value is +1.645. Therefore, 

the area from 0 to +1.645 will be termed as acceptance region while 

outside area at right side will be known as rejection region. It means if 

the calculated value of z lies in between 0 to +1.645, it will fall in 

acceptance region and the null hypothesis will be accepted. If the 

calculated value is more than + 1.645, it will fall in area of rejection 

and the null hypothesis will be rejected. This +1.645 is also known as 

critical value of z in this case.  

If we summarize the decision rule for hypothesis, they will look like the 

following: 
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If Z calculated < Z critical : Accept H0 & If Z calculated > Z critical : Reject H0 

If t calculated < t critical : Accept H0 & If t calculated < t critical : Accept H0 

If ꭕ2 
calculated < ꭕ2 critical : Accept H0 & If ꭕ2 calculated < ꭕ2 critical : Accept H0 

If F calculated < F critical : Accept H0 & If F calculated < F critical : Accept H0 

P-value Approach: Another approach to test the hypothesis is P value 

approach. This is called as probability distribution approach. In this approach 

we compare the P value with the level of significance. 

The decision rules are if 

P value < level of significance (α): Reject H0  &  P value > level of 

significance (α): Accept H0 

5.  Collect the sample data: We collect the data online or physically with 

the help of questionnaire and do the data entry either in MS-Excel or SPSS.  

6.  Analysis and Compare: We do analyze the hypothesis with the help 

of suitable tests and compare the calculated values with critical values. 

7.  Make decisions: We accept or reject the null hypothesis and make 

suitable decisions. 



Chapter 5 

Parametric Test  

(a) Use of Z-Test 

A company claims that the mean life of its product is higher than that of a 

competitor’s product. To check the claim, a researcher randomly chooses 

some products of that company and test the mean life of sample products. If 

the researcher wants to say that there is no difference in the mean life of 

products as claimed by the company, he should prefer to apply z or t test. 

The basic assumption of z and t test are almost similar. The only difference 

is sample size. We will use both MS-Excel and SPSS to understand the use 

of z-test. 

Example 1: A researcher wants to analyze if there any difference in the 

product image and image of celebrity endorsing the product. The data has 

been collected on the basis of 5-point Likert scale. The data is collected from 

64 respondents. The data is given below where 1 means not at all important, 

4 means somewhat not important, 3 means neutral, 4 means somewhat 

important and 5 means most important. 

Test the difference. 

There is a 

match 

between the 

product 

image and 

celebrity 

image 

4 3 4 3 1 4 5 3 5 2 2 2 4 4 4 3 

3 3 4 5 4 4 3 3 5 4 4 3 4 5 4 5 

2 5 2 4 4 4 4 4 5 3 4 4 4 4 3 4 

4 4 4 4 4 4 4 3 2 4 3 4 4 4 5 3 

We will solve this problem with the help of 7 steps of hypothesis testing : 

1.  H0: There is no match between product image and celebrity image. 

 H1: There is match between product image and celebrity image. 

2.  Leve of significance (α) = 5% 

3.  Since the population is single here, we are going to analyze the mean 

value of opinion, and sample size being 64, we will go for z-test 
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4.  The decision rule is if zcal > zcritical ; Reject H0 or if P value<.05; Reject 

H0 

5. To analyze it, we can use either excel or SPSS 

Solution in MS-Excel Data Tool: 

 

6.  The P-value = 0 

 Therefore, the H0 is rejected in this case 

7.  We can conclude that there is a match between product image and 

brand image. There is no difference among them .  

Solution with the help of critical value: First 4 steps will be same as 

above. Since  

 

Here 

x ̅ = mean value of observations  Since α = .05 the Z critical = +/-1.96 

μ = mean of population  

σ = standard deviation of observation  

n = number of observations  

In this example  

x ̅ = 3.6875, μ= 3.0, σ= 0.89, n=64 

finally, Z = (3.6875 - 3.0)/0.89/  

Z cal = 6.189 

Since Zcal > Zcrit and falling in rejection region, the H0 is rejected. 
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Solution with SPSS: In SPSS we enter the data first and then apply the 

following steps: 

 

Step 1: Create Variable 

  

Step 2: Insert Data                      Step 3: Pick one sample t-test 
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Step 4: Select the data to analyze, click OK 

 

Step 5: Final Output 

In this case too, the significance value (p value) is coming to 0.00 which is 

quite significant and we can reject the H0. Since SPSS does not have z 

calculation, we can adopt t calculation here too and it does not impact the 

calculation in case of p-value approach. 

Similar steps can be adopted in case of one tail z-test too. 

(b) Use of T-Test 

In this test too, we often compare the mean value of the one or two 

population. The only difference from z-test is the sample size. 

Example 2: If the number of samples in example 1 is 18 only, we have to 

apply t-test to check the hypothesis. 

There is a match 

between the 

product image and 

celebrity image 

4 3 4 3 1 4 5 3 5 

3 3 4 5 4 4 3 3 5 

We will solve this problem with the help of 7 steps of hypothesis testing  

1.  H0: There is no match between product image and celebrity image. 
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 H1: There is match between product image and celebrity image. 

2.  Leve of significance (α) = 5% 

3.  Since the population is single here, we are going to analyze the mean 

value of opinion, and as sample size is 18, we will go for t-test. 

4.  The decision rule is if tcal > critical ; Reject H0 or if p value<.05; Reject H0 

5. To analyze it, we can use either excel or SPSS. 

Since in Excel, there is no short cut for one sample-test, we can use critical 

value method and SPSS in this case. 

 

Solution with the help of critical value: To calculate the t-test we use the 

following formula 

Here 

x ̅ = mean value of observations            Since α = .05 the t critical = +/- 2.11 

μ = mean of population  

s = standard deviation of sample  

N = number of observations  

In this example 

To check the critical value of t, we 

go into t-table 

where α/2 = .025 and n-1 (degree of 

freedom) = 17 

Therefore, t.025, 17 = +/- 2.11 

If we look into the values, x ̅ = 3.888889, μ= 3.0, s= 0.832352, n=18, finally, t 

cal = + 4.531 

Since tcal > tcrit and fall in rejection region, the H0 is rejected 

Solution with SPSS: In SPSS we enter the data first and then apply the 

same steps similar to z-test. The final output we get will be as under: 

where 
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In this case too, the significance value (p value) is coming to 0.00 which is 

quite significant and we can reject the H0. 

(c) Use of ANOVA 

This test is used to check whether three or more sample means computed 

from three different population are equal or not. A researcher may compare 

more than two sample means in this case. Here we can assume the null 

hypothesis as – “Three or more population means are equal” or alternatively 

– “These population means are not equal”. 

Assumptions: 

• Samples are drawn from normally distributed population 

• Samples are randomly drawn and are independent of each other 

• Population from which samples are drawn have equal variances 

• Data must be nominal vs ratio or interval 

Example 3: One Biscuits company wants to check the retail price per pack in 

4 different metro cities. The company wanted to sell at uniform prices and 

different prices can tarnish the image of the company. To check the prices, 

the company has collected the data from six different retail stores in each 

city. The price per pack in each city were 

Delhi Mumbai Kolkata Chennai 

22 19 18 21 

22.5 19.5 17 20 

21.5 19 18.5 21.5 

22 20 17 20 

22.5 19 18.5 21 

21.5 21 17 20 

Is there any significant difference in prices? Use level of significance as 5%.  
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We will solve this question too with the help of the above steps only. 

1.  H0: There is no significant difference in prices of biscuits among 4 

different metro cities 

Or 

 H0: µ1 = µ2 = µ3 = µ4 

 H1: There is significant difference in prices of biscuits among 4 

different metro cities 

Or 

 H1: µ1 ≠ µ2 ≠ µ3 ≠ µ4 or (All the means are not equal) 

2.  Level of Significance (α) = 0.05 

3.  Appropriate Test is F test in one-way ANOVA (Because populations>2, 

data is based on nominal and ratio scale). 

4.  If Fcal > Fcritical : Reject H0 

 Degree of freedom: df1 = c - 1 & df2 = n - c (Columns here are 

nominal data) 

 Fcritical = F (α, df1, df2) = F (0.05, 3, 20) = 3.10 

Solution with the help of critical value:  

5.  To calculate the F value we take the help of following table: 
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6.  FCal = 43.03, FCritical = 3.10 

 FCal > FCritical : Reject Ho…………………. 

There is a significant difference in the price per pack in different cities.  The 

company has to rethink over its pricing strategies. 

 

Solution with Excel Data Tool: Click on data, then click data analysis tool. 

Select ANOVA: single factor, select the required data set grouped by 

columns (because it is nominal data), click OK. We get the following output: 
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p value is 0.00, which is quite significant. The H0 can be rejected. There is a 

significant difference in the price per pack in different cities. The company 

has to rethink over its pricing strategies. 

Solution with SPSS:  

After entering the data in SPSS, we click on ‘Analyze’, then compare the 

means and select the one-way ANOVA. In dependent cell feed sales and in 

the independent cell feed cities. Click OK. We get the following output:  

 

p value is 0.00, which is quite significant. The H0 can be rejected. There is a 

significant difference in the price per pack in different cities. The company 

has to rethink over its pricing strategies. 



Chapter 6 

Non-parametric Test 

(a) Use of Chi-Square Test 

Chi-square is also known as a test of goodness of fit because it is commonly 

used to compare observed data with expected data according to a specific 

hypothesis. With the help of this test we check whether the deviations 

(differences between observed and expected) are due to the result of 

chance, or they are due to other factors.  

 

The chi-square test always tests the null hypothesis, which states that there 

is no significant difference between the expected and observed result.  It is 

represented by ꭕ2. 

The formula to calculate the ꭕ2 is:  

Example 4.: 1000 students at college level are graded according to their IQ 

and their economic conditions. Find out whether there is any association 

between economic conditions and level of IQ. 

 
Solution: We will solve this problem with similar 7 steps: 

 
1.  H0: There is no association between economic conditions and level of 

IQ. 
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 H1: There is association between economic conditions and level of IQ.  

 

2. Level of significance (α) = 5% = 0.05 

3.  Since population>2, both data (economic conditions and IQ) are taken 

on nominal scale. 

4.  If ꭕ2 (calculated) > ꭕ2 (critical); Reject the H0 

 ??5. Degree of freedom (df) = (n-1) * (r-1) = (3-1) * (2-1) = 2 *1 = 2 

 Critical value of ꭕ2 = ꭕ2 (α, df) = ꭕ2 (.05, 2) = ꭕ2 
Critical = 5.991 & 

 From shown calculation: ꭕ2 (calculated) = 65.27778 

6.  It is clear that ꭕ2 (calculated): 65.27778 > ꭕ2 
Critical: 5.991, Therefore H0 is 

rejected. 

7.  There is an association between economic conditions and level of IQ 

O E (O-E)2 (O-E)2/E

160 180 400 2.222222

140 120 400 3.333333

300 240 3600 15

100 160 3600 22.5

140 180 1600 8.888889

160 120 1600 13.33333

ꭕ2 = 65.27778  

Solution with Data Analysis Tool in MS-Excel: The first 4 steps will be 

similar as above method. We fit the data into MS-Excel. Make two different 

tables of observed and expected values. Now we type the ꭕ2 formula in a cell 

like the following: 

ꭕ2 =  We, select the actual or 

observed values and expected values in the formula and click on ‘Enter’. We 

find the p value of ꭕ2. In this case, the p value comes as 0.00, which is quite 

significant. We can reject the H0.  
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Solution with SPSS: We enter the required data into SPSS. Select 

‘Analyze’, then crosstab.  

 

 

We continue and click OK. We get the following output:  
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Value df

Asymp. Sig. (2-

sided)

Pearson Chi-Square 65.278
a 2 .000

Likelihood Ratio 67.047 2 .000

Linear-by-Linear 

Association
2.775 1 .096

N of Valid Cases 1000

Chi-Square Tests

a. 0 cells (0.0%) have expected count less than 5. The 

minimum expected count is 120.00.
 

The calculated value of ꭕ2 is 65.278 while the p value is quite significant 

(0.000).  

We can reject the H0. 



Chapter 7 

Correlation 

Correlation is used to measure the strength of relationship between two or 

more variables. We can measure the relationship between age and height 

and can conclude that if age increases the height of that person also 

increases. We can quantify this relationship and identify the direction too. 

Correlation measures the strength and direction of relationship between two 

or more variables. It is denoted by r.  

Characteristics of Correlation 

1. Measured value of correlation is either positive or negative, like if 

 rxy is +ve: It means that if x increases, y will also increase or if x 

decreases, y will also decrease. 

 rxy is -ve: It means that if x increases, y will decrease or if x decreases, 

y will increase.  

2.  Strength of Correlation: 

 If rxy = +1.0 - Perfect Positive Correlation 

 If rxy = -1.0 - Perfect Negative Correlation and 

 rxy = 0.0 - No Correlation  

 remaining strength are given in this diagram: 

 

3. Simple, Partial and Multiple Correlation: We know height(x) and 

age(y) are related but few other variables like nutrition(n), climate(c), 
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heredity(h), also may impact height indirectly. On the basis of these 

variables, correlation may be as under : 

 Simple correlation: Relationship between two variables only (rx ) 

 Multiple correlation: Relationship among more than two variables 

(rxynch) 

 Partial correlation: Relationship between two variables whilst taking 

away the effects of another variable, or several other variables, on this 

relationship (rxy.nch) 

Measurement of Correlation: There are various methods to measure the 

correlation.  

(i) Scatter Diagram Method 

(ii) Graphic Method 

(iii) Rank Method 

(iv) Concurrent Method 

(v) Karl Pearson’s Coefficient of Correlation 

Scatter Diagram Method: With the help of scatter diagram we can plot each 

of the individual values of two variables on the same graph. The position of 

each corresponding dots gives the idea of degree of correlation. With the 

help of scatter plot we also can identify the linearity and non-linearity of 

correlation. From the following diagrams we can infer both the above 

characteristics of correlation. 

 

Karl Pearson’s Coefficient of Correlation: This is one of the mathematical 

methods to compute the relationship between two variables. We compute the 

correlation with the help of the following formula: 
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Height (cm) Age (Years) Weight(Kg) Cholesterol(mmoL/Lit)

159 16 108 200

167 18 80 100

178 19.5 90 110

178.5 18.6 98 159

178.4 17 70 98

157 17 60 90

159.5 16.5 89 120

168 15 67 110

173 16.3 70 100

160 15.9 60 98

190 18 92 105

160 17 102 178

170 18 67 89

195 19 95 123

193 19 90 105

191.5 16 92 111

167 16 60 100

178 17 70 101

189 18 78 125

191 18 93 131

173 16 67 98

182 17 78 107

192 18 90 110

179 18 88 106

181 17 99 150

169 18 90 128

172 16 78 102

 

Example 5: The height, age, weight 

and the cholesterol level of 28 

persons have been given in the table. 

Compute the correlation between 

weight and cholesterol level. 

Solution: We can solve this problem 

with the help of three different 

methods: 

(i)  With the help of formula 

(ii)  With data analysis tool in MS-

Excel 

(iii)  SPSS 

Solution with data analysis tool in 

MS-Excel: We enter the data into 

Excel. Click the data analysis tool and 

select the correlation. We get the following output: 

Weight(Kg) Cholesterol(mmoL/Lit)

Weight(Kg) 1 0.766452778

Cholesterol(mmoL/Lit) 0.766452778 1  

rwc =0.77 ; There is a strong positive correlation between weight and 

cholesterol level. That means if the weight of a person increases the 

cholesterol level too may increase.  
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Solution with SPSS: After entering the data into SPSS we click ‘Analyze’, 

select correlation and then click on ‘Bivariate’. We select the weight and 

cholesterol data into variables and click on ‘Pearson coefficient’ and click 

OK. We get the following output: 
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The Pearson coefficient of correlation between weight and cholesterol level is 

0.766. Also, the p value is 0.00. It means that correlation between weight and 

cholesterol is significant. It means correlation between weight and 

cholesterol level is real and not by chance. 

Coefficient of Determination: It is denoted by r2. Mathematically, it can be 

calculated by square of correlation coefficient.  

r2 = r * r 

It means how much per cent variation will be in other variable in case of 

change in one variable. r2 gives you the percentage variation in y explained 

by x-variables. The range is 0 to 1. It means 0% to 100% of the variation in y 

can be explained by the x-variables. 



Chapter 8 

Regression 

A statistical measure that attempts to determine the strength of the 

relationship between one dependent variable and a series of other changing 

variables (known as independent variables). We can estimate the value of 

the dependent variable from the independent variable. This measurement is 

expressed in the form of a mathematical equation. 

Type of Regression: It depends on a number of variables. 

Linear Regression: Uses one independent variable to explain and/or predict 

the outcome of dependent variable. Linear regression finds the straight line, 

called the least squares regression line. Two regression equations can be 

framed in this case: 

Multiple Regression: Uses more than two variables to predict the outcome: 

Characteristics of Regression 

(i) This is a cause and effect relationship. 

(ii) The dependent variable Y has a linear relationship to the independent 

variable X. 

(iii) For each value of X, the probability distribution of Y has the same 

standard deviation σ. 

(iv) With the help of regression coefficient, we can calculate the correlation 

coefficient too. 

(v) The slope and Y intercept are known as regression coefficients.  

Regression equation of Y on X 

Y = a + bX 

Y: A dependent variable 

X: An independent variable 

a: Intercept  

b: Slope of line (here it will be byx) 

Regression equation of X on Y 

X = a + bY 

X: A dependent variable 

Y: An independent variable 

a: Intercept 

b: Slope of line (here it will be bxy) 
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Computation of regression line: We use Least Square Method to calculate 

the regression equation. Here we have to calculate the regression coefficient 

only. Different calculations are there for y on x and x on y.  

 

Example 6. : In example5, the age, height, weight and cholesterol level of 28 

persons have been given.  

(i) Calculate the linear regression between weight and cholesterol level.  

(ii) If weight is 105 Kg, what will be cholesterol level in that person? 

(iii) If cholesterol level is 160 mmoL/Lit, what will be approximate weight of 

that person? 

Solution: We will solve this problem with 

the help of data analysis tool in MS-Excel 

and SPSS. 

Solution with data analysis tool in MS-

Excel: Click on ‘Data’, ‘Data Analysis Tool’, 

then select ‘Regression’. We get the given 

tab te. Select the appropriate data into 

Regression equation of Y on X1 and X2 

Y = a + b1X1 + b2X2 

Y: A dependent variable 

X1, X2: Independent variables 

a: Intercept 

b1, b2: Slope of line 

Regression equation of X on Y1 and Y2 

X = a + b1Y1 + b2Y2 

X: A dependent variable 

Y1, Y2: Independent variables 

a: Intercept 

b1, b2: Slope of line 

Regression equation of Y on X 

Y = a + bX 

Where 

 

 

 

Regression equation of X on Y 

X= a + bY 

Where 
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required box as shown in the pic. Click OK. 

SUMMARY OUTPUT

Regression Statistics

Multiple R 0.766453

R Square 0.58745

Adjusted R Square 0.570948

Standard Error 17.48383

Observations 27

ANOVA

df SS MS F Significance F

Regression 1 10881.96474 10881.96474 35.59869487 0.00

Residual 25 7642.109336 305.6843734

Total 26 18524.07407

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%

Intercept -3.80324 20.49410725 -0.185577478 0.85 -46.01164873 38.40515926 -46.01164873 38.40515926

Weight(Kg) 1.466316 0.245759608 5.966464185 0.00 0.960164511 1.972467284 0.960164511 1.972467284  

We get the following output: If we take cholesterol level as dependent 

variable (X), and the weight as independent variable (Y) the required 

regression equation of Y on X will be: 

Y = a + bX 

As per the output the required regression equation between cholesterol level 

and weight will be- 

Y = -3.80324 + 1.466316 X……….(1) 

If we make a plot of predicted dependent values as per the regression 

coefficient (Line of Best Fit), we get the following deviation from the original 

values. This deviation occurs due to some random errors. 

 

If we take cholesterol level as dependent variable (X), and the weight as 

independent variable (Y) then the required regression equation of X on Y will 

be: 

X = a + bY 
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SUMMARY OUTPUT

Regression Statistics

Multiple R 0.766453

R Square 0.58745

Adjusted R Square 0.570948

Standard Error 9.138912

Observations 27

ANOVA

df SS MS F Significance F

Regression 1 2973.192533 2973.192533 35.59869487 0.00

Residual 25 2087.992652 83.51970609

Total 26 5061.185185

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%

Intercept 35.45976 8.038522968 4.411228557 0.000171411 18.90411411 52.01541003 18.90411411 52.01541003

Cholesterol(mmoL/Lit)0.40063 0.06714694 5.966464185 0.00 0.2623381 0.538921522 0.2623381 0.538921522  

We will get the following output : 

The required regression equation of X on Y will be 

X = 35.45976 + 0.40063 Y…..(2) 

i.  The required equation which we finally get will be  

 Y = -3.80324 + 1.466316 X……….(1)  

 X = 35.45976 + 0.40063 Y………...(2) 

ii.  If weight is 105 Kg the cholesterol can be counted on the basis of Y on 

X equation 

 Y = -3.80324 + 1.466316 * 105 = 150.1599 mmoL/Lit 

iii.  If cholesterol is 160 mmoL/Lit the weight can be counted on the basis 

of X on Y equation 

 X = 35.45976 + 0.40063 * 160 = 99.5605 Kg 

Solution with SPSS: We click ‘Analyze’, select ‘Regression’ and click 

‘Linear’. To get the regression equation of Y on X, fill the information in given 

table as given instruction.  
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From the output we get similar equation of Y on X and X on Y respectively:  

Y = -3.803 + 1.466 X & 

X = 35.460 + 0.401 Y 

Coefficientsa 

Model 

Unstandardized Coefficients 

Standardized 

Coefficients 

t Sig. B Std. Error Beta 

1 (Constant) -3.803 20.494  -.186 .854 

Weight (Kgm) 1.466 .246 .766 5.966 .000 

a. Dependent Variable: Cholesterol(mg/DL) 

 
 

Coefficientsa 

Model 

Unstandardized Coefficients 

Standardized 

Coefficients 

t Sig. B Std. Error Beta 

1 (Constant) 35.460 8.039  4.411 .000 

Cholesterol(mg/DL) .401 .067 .766 5.966 .000 

a. Dependent Variable: Weight (Kgm) 

  

Similarly we can develop multiple regression too, keeping cholesterol level as 

dependent element and age, height and weight as independent elements.  

 



Chapter 9 

Factor Analysis 

This is one of the most widely adopted research tools in business research. 

The general objective related to factor analysis is to explore the factors 

responsible. Factor analysis is actually used for data reduction and 

summarization technique. From the literature review, we get so many 

variables related to the research topic. Factor analysis helps to reduce the 

vast data up to manageable level. Sometimes it is very difficult to deal with 

so many numbers of variables and therefore we reduce the data by grouping 

them into different factors.  

The data is collected on interval or ratio scale for each of the variables. We 

use inter-dependence technique and make no difference between 

independent & dependent variable. The statistical purpose of factor analysis 

is to determine the linear combinations of variables to find the inter-

relationships.  

 

Factor Analysis of Banking Services 
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Factor Analysis of Personality 

For example, if we analyze the different services offered by a bank, we can 

group them into some factors by applying factor analysis. Similarly , we can 

group individual personality traits into groups. 

Assumptions for Factor Analysis 

(i) Normality: Data must be normally distributive. Factor analysis is 

actually a part of multivariate analysis. Therefore, before running the 

factor analysis we much check the normality of data as discussed 

earlier in this book. 

(ii) Linearity: Factor analysis is a part of general linear model. There 

should be linear relationship among variables 

(iii) Factorability of correlation matrix  

(a) There should be sufficient correlations in the data matrix of 

variables to justify the application of factor analysis.  

(b) Number of correlations at 0.01 level of significance can range 

from 30% to 50% according to the requirement. 

(iv) No outlier: There should not be any outlier in data. 

(v) Suitable sample size: To run the factor analysis, the required sample 

size must be 5 times the number of variables. 
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When to apply Factor Analysis? 

(i) To identify the underlying dimensions or factors. 

(ii) To identify a new, smaller set of uncorrelated variables to replace the 

original set of correlated variables in subsequent multivariate analysis.  

(iii) To identify a smaller set of salient variables from a larger set for use in 

subsequent multivariate analysis. 

How to Run Factor Analysis in SPSS  

To run the factor analysis manually is a tough task. It can be done with the 

help of Excel or SPSS only. SPSS runs it smoothly as compared to Excel. 

The following steps should be taken to run the factor analysis in SPSS: 

Location Quality Display Experience

Distance Parking Interior Reference

Size Payment Exchange Advertising

Price Variety Safety WOM

Discount Communication Social_status Ambience  

1. Data entry: The data is generally collected on interval scale. We prefer  5-

point Likert scale to collect the data. Each variable has been put as separate 

variable. Here, we will analyze the factors responsible for the retail store 

selection by consumers. From literature review we got a list 20 variables 

which impact the store selection decision. The variables are given here. The 

variables are now entered into SPSS and it looks like this :  
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After variable entry, we have to enter the data in the form of responses given 

by respondents. Each row in data represents the responses g iven by one 

respondent for all 20 questions. Remember we must ask at least one 

question per variable in the questionnaire. 

 

(Remember to check the normality and N/A values in the data before  going 

for further analysis) 

2. Test of Reliability: Now we test the reliability of data. Reliability has been 

defined earlier too. In simpler terms it means if two researchers collect data 

on two different occasions with the help of similar questionnaire, they both 

must get almost similar results. To test the reliability, we check the 

Cronbach’s Alpha value. If the data is reliable the value of Cronbach’s Alpha 

must be more than 0.80. When we run the reliability test, we can also run the 

Tukey’s test of additivity. The F value of this test must be significant to 

confirm the reliability of data. To run this, we click ‘Analyze’ in SPSS, click on 

‘Scale’ and then select the ‘Reliability Analysis’: 

 

When we click ‘Continue’ in the second picture and then OK, we get the 

following output: 
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The Cronbach’s alpha value is 0.853. Also, the F value of Tukey’s test of 

non-additivity is 0.00 which is quite significant. It means the data is quite 

reliable and we can go for further analysis.  

3. Factor Analysis: To reduce these 20 variables into some factors we now 

run Factor Analysis. For this, we click on ‘Analyze’, click ‘Dimension 

Reduction’ and then  

1. Select factor analysis. 2.  Select all variables and put into  

  right column 

 

3. Click on descriptive 4.  Click on extraction 

 

In the descriptive part, we check the initial solution, coefficient, anti-image 

and KMO and Bartlett’s test of sphericity. The Kaiser-Meyer-Olkin Measure 

of sampling adequacy states that variance in the variables is caused by 

proposed factors. Its maximum value can be 1.0 which is very rare. 

Generally, KMO higher than 0.80 is considered as best. If its value is less 

than 0.50, then Factor Analysis is not possible. 

In case of extraction – the method of factor analysis is selected. Here we 

have picked Principal Component method. This is the default selection of 
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factor method. Also, the unrotated factor solution and Eigen value should be 

equal to 1. We click on ‘Continue’. 

After this we click ‘Rotation’ and select the Varimax Rotation Techniques. In 

this method the factors are rotated to better fit the data. We click on 

‘Continue’ and then go to ‘Options’. Here we suppress the variables whole 

coefficient value is less than 0.50 

5. Click rotation 6. Click on options 

 

Rotated Component Matrixa   

  

Component 
Name of  
Factor 1 2 3 4 5 

Advertising .892         

Promotion 
Social Status .872      

Word of mouth communication .771      

Reference Group Experience .748      

Interior Designing of Shops   .925       

Ambience 
Ambience inside shop   .909     

Size of Shop   .850     

Communication with sales person   .808       

Display of various items    .763    

Product 
Variety of choice    .737    

Price of product    .649    

Quality of Product     .529     

Exchange facility     .927   

Exchange Payment System     .924   

Discount offered       .687   

Location of Shop  .879 

Location 
Parking     .808 

Distance to travel     .679 

Safety Issue in trail room and Parking   .613 

Extraction Method: Principal Component Analysis.  
Rotation Method: Varimax with Kaiser Normalization.   
a. Rotation converged in 7 iterations. 
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Finally, we get the following output: 

 

The KMO value is 0.790 which is sufficient to move with factor analysis. 

We check the rotated component matrix. Out of 20 variables one has been 

omitted and the remaining 19 variables have been retailed and rotated into 5 

different factors. We have to give appropriate name to the group of variables.  

Such type of factor analysis is known as exploratory factor analysis where 

the new factors are explored from various variables. Another technique is 

known as Confirmatory Factor Analysis where we confirm the existing or 

already proposed factors again with the help of new data. 

Report Writing 

On completion of data analysis, we summarize the entire write up in the form 

of structured and organized report. The contents are arranged in well 

synchronized order. The contents may conform to the given order but the 

researchers can change them as per their preferences. 

1.  Title of Business Research Report 

2.  Abstract 

3.  Introduction 

4.  Literature Review 

5.  Research Gap 

6.  Research Objectives 

7.  Proposed Research Framework 

8.  Research Hypothesis 

9.  Research Methodology 

10.  Data analysis 

11.  Findings 
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12.  Recommendations 

13.  Conclusion 

14.  References 

15.  Appendix 

A researcher must be careful about the novelty and uniqueness of thoughts, 

concepts and ideas. There should not be any fake or wrong data in the 

report. A researcher should also be careful about plagiarism. If a researcher 

wants to include any work which is done by others, proper citation and 

credence must be in given in the report. Each diagram in the report must 

have proper reference. The language used must be professional as per the 

guidelines of that university, institute or journal.  



Chapter 10 

A Quick Guide to Identify the Use of A 
Statistical Test 

 



Chapter 11 

Terminology 

Applied Research Research conducted with specific objective 

like to develop a new product 

Coding The data is given unique code while entering 

the data into software to analyze 

Dependent Variable  Variables which depends on independent 

variables 

Dichotomous Question Closed end question with two answers only 

Extraneous Variable Which affect the dependent variables indirectly 

Focus Group A qualitative study, where opinion of group of 

experts is solicited 

Independent Variable  Variables which can be controlled 

Primary Data The data collected from the market by 

researcher himself 

Secondary Data The data which already existed in the market. 

Variables A mathematical unit where any value can be 

assigned 



Chapter 12 

Statistical Tables 
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