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PrefaceP

This book is addressed at Academic as well as Industry Researchers 
who use Statistical Analyses for their Research. Many times, 
researchers have to spend a lot of money to purchase proprietary 
softwares, especially academic researchers. They often have a 
need of financial support for their researches and frequently face 
tight financial situations. This book may especially benefit these 
researchers. This book performs Statistical analyses using a software 
tool called R. This software tool is open-source, which means it is not 
proprietary and freely downloadable.

The Statistical Analyses supported by R include a spectrum 
of techniques, right from univariate and bivariate Statistical 
techniques to Multivariate Statistical Techniques and then, even 
Big Data Analytics. In fact, learning R can take a researcher far into 
the Analytics highway. Apart from researchers in academics and 
industries, this book will also be useful for Analytics Professionals 
and of course, Bachelors and Masters Degree students.

The need for such a book was felt after several researchers 
facing financial difficulties during their research period were 
observed, as mentioned before. A result of this causes in researchers 
ending up with incomplete knowledge of analysis techniques and 
concepts involved in the analysis techniques having very much a 
cyclical effect on each other. This many times hampers the research 
careers of the researchers. This book is very much intended to fill 
this void and provide the researchers the necessary boost towards 
their careers.

This book discusses starting with analyses of Assumptions 
of Multivariate Techniques and discusses analyses of some 
of the most frequently used Multivariate Techniques namely 
Multiple Regression, Discriminant Analysis, Logistic Regression, 



MANOVA, Conjoint Analysis, Cluster Analysis, Multidimensional 
Scaling, Correspondence Analysis, Exploratory Factor Analysis, 
Confirmatory Factor Analysis and Structural Equations Modelling 
(SEM) using R.

Dr. A.K. Sheik Manzoor
Dr. Ganesh Kumar R.
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INTRODUCTION TO 
MULTIVARIATE DATA 
ANALYSIS

CHAPTER

1

Multivariate data analysis refers to the use of more than two variables 
in the data, whereas univariate data analysis refers to the use of single 
variable in the analysis of data and bivariate data analysis refers to the 
use of two variables in the analysis of data. The reason why raw data 
collected from observations or other sources are analysed is to gain 
meaningful information from the data and use them for managerial 
decision-making. An example could be the data collected to record the 
number of cars of a company sold during different months of a year. 
The raw numbers are just data. When these indicate the number of 
cars sold during different months of a year, they become information 
and provide inferences, for example, let us assume that the sales of 
cars peak during April and May, because say, people like to spend 
more during these months. This inference suggests management 
of the respective car company to stock more car units and in turn 
produce more car units to source the demand during this period.

When the relationship between variables is fixed, it is referred 
to as a deterministic relationship. For example, consider some 
relationship like 4x + 3y = 20. When the relationship between 
variables is defined to be based on probability, it is referred to as a 
stochastic or probabilistic relationship. The right-hand side value of 
20 in the previous example in a probabilistic relationship may be 
expected to lie within a range of values based on probability. Such 
relationships are stochastic or probabilistic relationships. The word 
“random” in statistics refers to a probabilistic relationship as against 
its common meaning in language.

The sources of data are basically classified into two types: 
primary data and secondary data. Primary data is collected by the 
researcher for his research for the first time. Secondary data refers to 
data that is collected from sources which have been used or published 
by other researchers as a part of their research.



Data also have different scales namely nominal, ordinal, interval 
and ratio. Nominal scale data cannot be used to perform arithmetic 
operations on them. These scales are just labels. For example, the 
numbers behind the shirts of sportsmen may be considered. These 
numbers can be used only as labels and cannot be used for arithmetic 
operations as discussed before. Ordinal scale indicates an order in the 
data. For example, rank 3 is better than rank 4 and rank 4 is better 
than rank 5. When the interval between any two adjacent ranks is 
same, then the scale may be considered interval scale. But the interval 
scale does not have an absolute zero. An example for interval scale 
is temperature. Here, zero-degree Celsius or zero-degree Fahrenheit 
does not indicate absence of temperature. Ratio data can be used to 
perform all arithmetic operations on them and they have an absolute 
zero. For example, zero patients during a period indicates absence of 
patients during the period. More details of the different scales of data 
can be referred from any standard course textbooks. Nominal and 
ordinal data come under the category of non-metric data. Interval and 
ratio data come under the category of metric data.

Now referring to the multivariate data analysis techniques, they 
can be classified into two types: dependency techniques and inter-
dependency techniques. Dependency techniques are techniques 
where variables can be classified into dependent variables and 
independent variables. In the interdependency techniques, the 
variables are grouped such that there is no dependence relationship 
between the variables.

Dependency techniques include Multiple Linear Regression 
(MLR), Multiple Discriminant Analysis, Logistic Regression, 
MANOVA, Conjoint Analysis, Structural Equations Modelling 
(SEM), etc. Interdependency techniques consist of Exploratory 
Factor Analysis (EFA), Confirmatory Factor Analysis (CFA), 
Cluster Analysis, Multi-dimensional Scaling, Correspondence 
Analysis, etc.

Chapter 2 talks about assessing the characteristics of data required 
for multivariate data analysis like normality, linearity, homogeneity 
and independence.

Chapter 3 talks about Multiple Linear Regression (MLR). As 
discussed before, it is a dependency technique, where the dependent 
variable and independent variables are metric.
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Chapter 4 talks about Multiple Discriminant Analysis, where the 
dependent variable is a categorical or non-metric variable with two or 
more categories and the independent variables are metric. 

Chapter 5 talks about Logistic Regression in which dependent 
variable is a categorical variable with only two categories and the 
independent variables are metric.

Chapter 6 talks about MANOVA in which there are multiple 
dependent and independent variables. Dependent variables are 
metric, whereas independent variables are categorical (non-metric).

Chapter 7 talks about Conjoint Analysis in which there is 
one dependent variable and multiple independent variables. The 
dependent variable is metric or non-metric and the independent 
variables are non-metric. 

Chapter 8 talks about Cluster Analysis which is an inter-
dependency technique and groups respondents based on some 
measure of similarity.

Chapter 9 talks about Multi-dimensional Scaling. It is an inter-
dependency technique and it reduces the dimensions of a variable 
to represent the variable in a two-dimensional representation which 
is easier to comprehend by human perception and can also be 
represented graphically.

Chapter 10 talks about Correspondence Analysis which groups 
non-metric variables into a two-dimensional solution based on the 
chi-square distances between the variables.

Chapter 11 and 12 talks about EFA and CFA respectively inter-
dependency techniques.

Chapter 13 talks about Structural Equations Modelling (SEM) 
which models a set of equations. The dependent variable in one equation 
can become the independent variable in the next equation. Viewed in 
another way, there are dependence relationships between exogenous 
and endogenous constructs. A construct is a latent variable which 
cannot be measured directly and is measured by a set of indicators.

RStudio is an open source software for performing statistical 
analyses. It is a software which can be used for running commands 
as well as scripts for performing statistical analyses. This software 
is used in this book for performing the analyses and illustrating the 
multivariate techniques. 
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