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Editorial Message

Greetings from IJBAI team!!!

Let me take the pleasure of making available to you the first issue of Volume 10 in this year 2022.  

We are continuously trying our effort in developing a union between academia and industry practitioners to bring various 
perspective of data science to enhance readership. The journal is a platform for exchanging research insights, analytical techniques 
and knowledge in various areas which include with constant exploration. In this issue of IJBAI, we are pleased to publish the most 
coveted column, “Analytically Yours” by Professor Arnab Kumar Laha along with five insightful and informative papers which are 
focused on four different themes. 

In the column “Analytically Yours”, Professor Laha has enlightened us on Information Theory with his thoughtful paper, “Information 
and Dependence”. Present trends in business are very vibrant, volatile, and evolving day by day. Various innovations can be seen in 
each domain of the business. The development of this has led to change in the marketing sector. In this regard, detection of customer 
retention and taking targeted approach is an essential part of keeping top and bottom line intact is essential. A paper on “Customer 
Attrition Analytics: The Case of a Recruitment Service Provider” focuses on this aspect whereas “A Comparative Analysis of 
Artificial Intelligence in Marketing and Traditional Marketing” depicts the shift. AI is an inevitable part of the future marketing and 
sales environment with speed. This research focused on the comparative study of AI with traditional marketing, its risks, benefits, 
and its impact on digital marketing and its future.

As we progress with technology and data management, it is essential part of faster processing and quick turn around time to increase 
process efficiency. Increasing work efficiency and productivity, decreasing workload and production costs, improving accuracy, 
refining service and customer relations, and resolving security issues on a vast scale are a few of the top uses drones offer industries 
globally. Drones are proving to be extremely beneficial in places where man cannot reach or is unable to perform in a timely and 
efficient manner. “A Report on the Application of Drones in Infrastructure Safety” provides an insight on the methodology of drone 
application in infrastructure is that they provide construction teams with an overhead view of job sites, materials, machinery, and 
people. Contractors are using the autonomous flying machines to record images and videos that help optimise everything, from 
grading plans and operations to identifying differences between as designed and as-built site plans.

In the era of data Tsunami, data security organisations face more and more serious challenges than ever. Organisations are increasing 
spending and turning to automation, DevSecOps and more. Despite huge investments made by companies to keep their information 
systems safe, there are many information securities breaches that infiltrate companies’ systems; consequently, these cost them their 
reputation, affect customers’ confidence, and bring huge financial losses. The literature of the paper “Investigating the Influence 
of Ethiopian National Culture on Information Security Policy (ISP) Violation: The Case of the Ethiopian Financial” suggests that 
almost all investments in information security related issues are for technological solutions. The findings showed strong evidence 
on the influence of contextual factors and national culture, on employees’ information security behaviour, and consequently, it 
highlighted the importance of taking some level of precaution when organisations introduce new policies or standards that are 
copied from abroad.

The last paper on economics i.e., “Macroeconomic Stability in India: Vector Error Correction Estimation of the Causal Relationship 
between Inflation, GDP, Money Supply, Interest Rate, Exchange Rate, and Fiscal Deficit” represents the significance, nature, and 
direction of the effect of inflation on economic growth and macroeconomic stability are contentious both in theory and empirical 
analysis by examining the causal relationship between inflation and macroeconomic variables.



We wish to create this IJBAI, a leading repository of knowledge in emerging technologies. All the above constructive steps are taken 
to delight our esteemed readers. Do let us know your wish, suggestions, and views to enrich our journal

At the end, I would like to thank the researchers and renowned data science practitioners who have honored us by selecting our 
journal to publish some of their research cases. 

Sincerely yours,

Madhumita Ghosh 
Joint Editor-in-Chief 
&
Dr. Tuhin Chattopadhyay 

Editor-in-Chief 

Dated: 4th May 2022
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Analytically Yours: 
Information and Dependence

Arnab Kumar Laha*

	 *	 Indian Institute of Management Ahmedabad, Gujarat, India. Email: arnab@iima.ac.in

Introduction
The field of information theory has found interesting 
applications in many different areas. While information 
theory’s primary focus was on data compression and 
transmission, its theories have now been applied to 
many other fields, including probability theory, statistical 
inference, complexity theory, ergodic theory and machine 
learning. The two key ideas of entropy and mutual 
information, which are functions of the underlying 
probability distribution generating the data, have proved 
to be immensely useful. Entropy is now routinely used as a 
criterion for deciding the optimal splitting of nodes while 
constructing a decision tree. In this article, we briefly 
introduce these important ideas with a specific focus on 
identifying dependence between two random variables. It 
is well known that Pearson’s linear correlation coefficient 
(r) accounts only for linear relationships and that the 
value of this correlation coefficient can be misleading in 
the presence of non-linear dependence. In fact, it is easy 
to construct examples, where r = 0 even though Y is a 
function of X. In contrast, mutual information is capable 
of taking into account all types of dependence. 

The entropy of a random variable X with a probability 
mass function (pmf) p(x) is defined as
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Here we have used logarithms to base 2 and in this case the unit of entropy is called bits. If instead 

the natural logarithm is used, the unit of entropy is then called nats. The entropy is a measure of 
the average uncertainty in the random variable.

Consider the toss of a coin. Let the outcome ÒHeadÓ be coded as 1 and ÒTailÓ be coded as 0. Let 

the probability of the coin turning up ÒHeadÓ be p. Then the pmf of X is given in Table 1.
 

                                                                      Table 1

The entropy of the random variable X is then ! . Using 

the convention !  we obtain the graph given in Figure 1 where the x-axis gives the values 
of p and the y-axis gives the values of H(X). 

r = 0

p(x)

H(X ) = − ∑
x

p(x) log2 p(x) = E(−log2 p(x))

Outcome  0(Tail) 1(Head)

Probability 1-p p

H(X ) = − (p log2 p + (1 − p)log2(1 − p))
0.∞ = 0

Here, we have used logarithms to base 2 and in this case, 
the unit of entropy is called bits. If instead the natural 
logarithm is used, the unit of entropy is then called nats. 
The entropy is a measure of the average uncertainty in the 
random variable.

Consider the toss of a coin, let the outcome “Head” be 
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of the coin turning up “Head” be p. Then the pmf of X is 
given in Table 1.

Table 1

Outcome 0(Tail) 1(Head)
Probability 1-p p

The entropy of the random variable, X, is then 
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more probable than the other. Of course, when p=0 or p=1, 
there is no uncertainty and the value of the entropy is then 0. 

Entropy is the uncertainty of a single random variable. 
We can define conditional entropy H(X/Y), which is the 
entropy of a random variable (X) conditional on the 
knowledge of another random variable (Y). The reduction 
in uncertainty of the random variable (X) due to another 
random variable (Y) is called the mutual information. 

The mutual information I(X; Y) is a measure of the 
dependence between the two random variables X and Y. 
For two random variables, X and Y with joint pmf pX,Y  
and marginal pmfs pX and pY, the mutual information I(X; 
Y) is defined as  
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occurring continuous probability distributions do. For the 
continuous case, the entropy is defined as 
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. Thus, when p = 0  (i.e. when X 

and Y are independent) we have I(X; Y) = 0 as expected 
and when p2 → 1 then I(X; Y) → ¥. Thus, a large value 
of I(X; Y) is indicative of strong dependence between the 
random variables X and Y. Figure 2 gives the plot of I(X; 
Y) (y-axis) and p (x-axis).
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It is easy to observe that 0 £ r1 £ 1 with r1 = 0 if and only 
if X and Y are independent random variables. Returning 
to our example, where (X, Y) ~ BVS(0,0,1,1,p) we find 
that  r1 = |p|. Being based on mutual information,  
is  able to take into account both linear and non-linear 
dependence between the random variables X and Y. 

If you find the topic of information theory interesting and 
would like to know more, you may find the book a good 
place to start (Cover & Thomas, 2006).
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Abstract

Customer attrition is the phenomenon wherein a 
customer leaves a service provider. With the growing 
competition in the service sector, preventing customer 
attrition has become critical for sustainability, as it is well 
established that retaining existing customers is more 
profitable than acquiring new customers (Jacob, 1994). 
This gives customer attrition analytics the challenging 
task of predicting which customers are likely to leave, 
and of subsequently designing and implementing 
retention programmes for these customers. Customer 
analytics has made many strides in marketing, 
employer desirability, and branding, but has so far made 
limited strides in the recruitment industry space. The 
objective of the study is to identify the factors affecting 
a candidate’s decision to accept a job opportunity in 
an organisation, using predictors such as the industry 
verticals, the candidate’s skillsets, workplace location, 
gender, compensation offered, and the notice period 
of the candidate. The model developed is a logistic 
regression model, to determine whether a candidate 
selected will accept a job opportunity in an organisation 
or not. The analysis was performed based on a sample 
of 443 candidates who were provided job offers in the 
period 2013-2015 by a recruitment service provider. 

Keywords: Customer Attrition Analytics, Factors 
Affecting Customer Attrition, Logistic Regression 
Models

that retaining existing customers is more profitable 
than acquiring new customers (Jacob, 1994). This 
gives customer attrition analytics the challenging task 
of predicting which customers are likely to leave, and 
of subsequently designing and implementing retention 
programmes for these customers. Customer analytics has 
made many strides in marketing, employer desirability, 
and branding, but has so far made limited strides in the 
recruitment industry space.

The HR services industry in India has grown exponentially 
in the last decade, with the need for more specialised 
providers of services growing rapidly across the world. 
The services included under its ambit are recruitment and 
staffing, payroll processing, and several other services 
(Dash et al., 2009). Of these, a significant portion is 
occupied by organisations in the recruitment space. 
The total size of the industry in India is approximately 
USD 3.5 billion, with major players such as Adecco, 
Ranstaad, and ADP offering diversified services, and a 
few organisations specialising in niche skill hires.

Recruitment is generally considered the basis of all HR 
activity, and as a result, is very important. The nature 
of services provided in the recruitment space are quite 
varied. These are classified as follows:
	 ●	 Permanent Contingent Hires: In this case, an or-

ganisation will hire a replacement for a position that 
will turn vacant. Certain large organisations, such 
as banks and IT product development organisations, 
are beset with a problem of constant attrition for cer-
tain in-demand skillsets, and as a result, hold peri-
odic recruitment drives to fill actual and potential 
gaps in the organisation.

	 ●	 Contract Staffing: Certain organisations require a 
huge proportion of employees on contract for proj-
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ects that arise from time to time. These employees 
work for the organisation, but are on the payroll of 
the recruitment firm. These services require a ready 
supply of available talent that can be drafted in to 
plug the gaps.

	 ●	 RPO: Recruitment process involves certain employ-
ees working for a client, but on the payrolls of the 
parent recruitment firm. The role of these employees 
is to schedule, coordinate, and arrange the entire re-
cruitment process for the client organisation.

There are specialised organisations that provide contract 
staffing and RPO services. The organisation in question 
is a contingent manpower placement organisation, with a 
decade’s experience in hiring across verticals and levels. 
The organisation specialises in ‘Niche Skill Hires’, 
which is a rarer set of skills to work on and close. The 
organisation provides RPO-type services and permanent 
placements for IT product companies, in addition to 
manufacturing and banking verticals.

The industry is still largely fragmented in India. Although 
large players in the HR services, such as ADP, Ranstaad, 
and Manpower, specialise in contingent hires, the space 
is also occupied by many small players due to the size of 
India’s workforce and the relatively low cost of operating 
in this space. In addition, there are established players that 
handle only CXO level hires (executive search firms), such 
as RGF Search, Korn Ferry, Spencer Stuart, and so on.

Organisation Overview

The organisation in question, XYZ Pvt. Ltd., is a decade-
old player in the recruitment service industry. It has a 
team of 75 research recruiters and its focus is on niche 
hires. This is a unique value proposition that focuses 
predominantly on clients in the IT product development 
space, BFSI, pharmaceutical, and manufacturing verticals. 
The candidates placed with the clients are across varying 
levels of seniority, ranging from junior professionals 
with 1-2 years of experience, through to senior, CXO-
level candidates. The organisation has a dedicated wing 
for placing CEO/CXO-level candidates, owing to the 
varied nature of recruiting these professionals. The 
candidates also differ in terms of their skillsets, ranging 
from purely technically-qualified candidates, through to 
techno-functional candidates, and to purely managerial 

candidates. It is spread across Chennai, Bengaluru, 
Hyderabad, Coimbatore, Salem, and Puducherry, and 
is planning to expand to Pune and the Middle East. It 
services clients not just in India, but also from across 
the globe, including Malaysia, Singapore, UAE, Qatar, 
and the USA. The organisation places around 400-500 
candidates per annum successfully, and has a success rate 
of 85% in converting offers into joiners.

The organisation is structured into various levels, viz., 
the directors, followed by the operations manager, the 
assistant managers, and team leads, followed by the 
recruiters. The assistant managers lead specialised teams 
that focus on specific industry verticals.

The organisation uses a standard procedure during 
its recruitment process. The first step is obtaining a 
job description from the client. The same is entered in 
the organisation’s ERP system and shared with the 
recruitment team. The next step is to explain the profile 
to the recruiters. The recruiters then source profiles and 
speak to the candidates. The profiles are sourced from job 
portals and social media sites such as LinkedIn, Zoominfo, 
Skillpages, and so on. The profiles are then screened by a 
validation team for their suitability and the details of the 
candidate are noted. The profiles deemed suitable are then 
subject to a process of validation by a specialised team. 
The profiles must avoid duplication within the recruitment 
firm, which is facilitated by means of an ERP system 
and a set of robust internal procedures. Additionally, the 
profile must not be processed by a competing recruitment 
firm. This is ensured by means of the speed with which 
the recruiters work. Also, the recruiters cross-check with 
the candidate if they have attended interviews with the 
client earlier.

Next, the profiles are sent to the client with the relevant 
details, and feedback is awaited. If the profile is shortlisted, 
the feedback is sent to the recruitment firm with a request 
for an interview. The candidates are then contacted and 
scheduled for an interview on a suitable date and time in 
agreement with the client. The interview usually consists 
of a few rounds and the candidate is followed by the 
recruiter to ensure attendance. The candidates are sent 
a call letter with detailed instructions and are followed 
up with, to ensure that a maximum number of candidates 
attend the interview. This will help increase the chances 
of offers. Following the selection of the candidate, the 
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client releases an offer letter which must be accepted 
by the candidate. Next, the candidate must resign from 
his/her organisation. The tentative date of relieving is 
obtained and the same is communicated to the client. 
Following this, the candidate must actually join the client 
organisation. The notice period ranges from a few days or 
weeks to a few months. The candidate may at times hold 
a series of other offers. Following the release of the offer, 
the intent of the candidate to resign or to take up the offer 
is gauged by periodic follow-ups by the recruiter, as well 
as the respective team leads. The follow-ups continue till 
the candidate finally joins the organisation. In addition, 
an independent team meant for process improvement 
has been assigned to monitor the candidates and their 
seriousness in taking the offers. The team makes a series 
of periodic random calls to assess the candidate and 
provides information in advance to the team leads, who in 
their turn pass this information to the clients.

Problem Statement

The requirements to be filled by the client organisation 
usually are mandates that the client is unable to accomplish 
owing to a host of factors. The factors include paucity 
of time, shortfall of candidates, and also, exhausting the 
resources available on job boards. As a consequence, the 
same is outsourced to a service provider with specialisation 
in recruitment. The requirements are usually shared on 
a non-exclusive basis, and as a result, there are certain 
issues that are addressed by the recruitment firm. These 
are the speed of generation of profiles, the quality of the 
profiles, and a certain critical mass of profiles. This will 
ensure a greater chance of closures for the client from the 
service provider’s end.

After a candidate is given an offer, the recruitment firm 
must first gain the acceptance of the offer and then seek 
the candidate to resign from his/her current organisation. 
These two steps are mandatory and will determine if 
the candidate was serious about the offer or was merely 
testing his/her suitability for the job market.

Following the acceptance of the job offer, a candidate 
usually follows one of three courses of action:
	 ●	 He/she will cease to seek any new offers. This hap-

pens in a small proportion of candidates. They are 
satisfied with the offer on hand and they confine 

their search to the client from which they get their 
first offer, and except in some contingencies, they 
join the organisation.

	 ●	 The candidate will continue to seek job offers. This 
may be due to a host of factors that differentiate the 
candidates, and as a result, the candidate will be 
reluctant to take up the offer on hand in search of 
something better.

	 ●	 The candidate may get retained by his parent organ-
isation, and as a result, will decline the offer.

There are several possible factors at play for the candidates 
while selecting a new workplace. The requirements are 
broadly classed into IT- and non-IT-based requirements, 
depending on the nature of skillsets. In addition, the 
candidate’s level of experience may influence the decision 
to shift. The location of the offer is also an important 
factor. There is generally no bar on candidates based on 
gender, marital status, or age, although clients sometimes 
specify gender requirements in advance, owing to the 
nature of the job and the attendant duties. In addition, the 
candidates will have notice periods that vary. Some may 
have negotiable notice periods, others may be serving 
notice, while still others may have fixed notice periods. 
Intuitively, in-station candidates are more likely to join 
an organisation; male candidates are more likely to accept 
relocation; and candidates with longer notice periods 
are more likely to attempt a switch. In addition, non-IT 
candidates have fewer job opportunities as of date vis-à-
vis IT candidates; the latter are more likely to decline or 
avoid a new job offer.

Clients are dependent on the replacement candidate 
to ensure continuity of business. In case a candidate is 
assessed as a potential ditch, it helps the client and the 
recruitment firm schedule and prepare back-up candidates 
to ensure business continuity. However, it is not possible 
to determine which candidate will join, and the likelihood 
of joining of a candidate. Knowledge of these details 
will enable us to optimise the follow-up calls, and also to 
inform the client in advance regarding the intention of the 
candidate. This will enable the recruitment firm to take 
suitable steps and mitigate any losses with time.

The candidates, on receiving the offer, are often 
approached by more than one recruiting firm. The 
competing firms may approach the same candidate for a 
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position with a competing organisation. A combination 
of the above factors, along with an ever-fluctuating job 
market, makes determining the intention of the candidate 
extremely difficult. During follow-up by a recruiter post-
offer and salary negotiations, candidates may disguise the 
fact that they are not satisfied with the current offer. A 
candidate may be unwilling to relocate from their current 
location. Sometimes the candidate may not be happy 
with the organisation that they will be joining, owing to 
negative reviews they have read about the organisation 
online. Also, a candidate may be lured by a better salary 
package to join a competing organisation. Additionally, 
there may be pressure from the family of the candidate 
to seek a better offer. Candidates also will disguise the 
fact that they hold extra offers till the last minute. This 
results in a loss of revenue for the client as well as the 
recruitment firm, and the value proposition of the recruiter 
is weakened. While customer analytics has made many 
strides in business and management, it has so far not 
addressed the issues discussed above. This paper is an 
attempt to address these issues.

Literature Review

Recruitment firms the world over are faced with a problem 
of whether a candidate will accept a job offer from a 
particular company or client. There are a few factors that 
need to be taken into account in this context, including:
	 ●	 The Notice Period of the Candidate: Notice pe-

riods can range from two weeks to four months. 
Candidates who serve short notices tend to have oth-
er offers already or are currently unemployed, and 
accept the clients’ offer. With longer notice periods, 
candidates tend to attempt interviews with many 
organisations. Thus, candidates with longer notice 
periods are usually more likely to not take up a job 
offer, compared to those with shorter notice periods.

	 ●	 The Location of the Job Opportunity: Candidates 
tend to prefer a job opportunity that is located near 
their hometown, or in some cases, in a cosmopoli-
tan city. Hence, cities such as Pune, Bengaluru, or 
Mumbai will attract candidates from across India, 
while areas like NCR or Chennai will attract people 
from areas that are closer. Additionally, candidates 
who are within a city will prefer to stay there and 
will not be willing to relocate.

	 ●	 Nature of the Skill Set: Generally, employees from 
non-IT backgrounds tend to have fewer opportuni-

ties, and hence have fewer options for career ad-
vancement. Candidates from IT and related areas 
tend to have a greater number of opportunities and 
represent a threat to the organisation. Skillsets in 
heavy demand, such as Java developers, command 
better salaries and/or salary hikes, and candidates 
tend to shift readily.

	 ●	 Employer Brand Value Proposition: Employers with 
a good reputation tend to attract a greater number 
of applicants. Usually, such clients are faced with 
fewer ditches by the candidate, while lesser known 
clients tend to have a problem in terms of joiners. 
The reputation of an employer is also important. 
Reviews posted by employees are available on the 
Internet and these are a source of feedback to candi-
dates who may join the organisation.

	 ●	 Compensation Package on Offer: Candidates are 
swayed, to a good extent, on the compensation 
package they receive. A better employer with a sat-
isfactory compensation structure will pull potential 
employees to the organisation. Candidates may at 
times be swayed by better compensation from rival 
organisations and may not be willing to take up an 
offer with certain clients.

	 ●	 Gender: Male candidates, as a rule, will usually be 
willing to relocate more readily, compared to female 
candidates.

	 ●	 Marital Status: Married candidates tend to prefer a 
stable work location, owing to the attendant factor 
of relocation of their spouses and children.

Several statistical techniques are commonly applied for 
customer attrition analytics, including classification and 
regression trees (Gray & Fan, 2008), logistic regression 
(Au et al., 2003), artificial neural networks (Datta et al., 
2001), survival analysis (Ma & Li, 1994), and several 
others (Hadden et al., 2006). There are mixed results 
concerning the most appropriate technique; however, 
several studies support the logistic regression model. For 
instance, Mozer et al. (2000) and Hwang et al. (2004) 
suggested that logistic regression predicted customer 
attrition better than decision trees and neural networks.

Methodology

The primary objective of the study is to identify the 
factors affecting a candidate’s decision to accept a job 
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opportunity in an organisation. The data sources employed 
were primarily the internal databases of the organisation, 
XYZ Ltd. The period of the study was 2013-2015, based 
on data availability.

The independent variables (predictors) considered 
included the industry verticals (banking, telecom, 
pharma, IT, non-IT, and so on), the candidate’s skill sets 
(IT, non-IT, and so on), workplace location, the level of 
the position offered, compensation offered, notice period 
of the candidate, and the gender of the candidate.

The dependent variable (outcome) was the binary variable 
of whether a candidate had accepted or had declined to 
accept a job opportunity in an organisation. The model 
developed is a logistic regression model, to determine 
whether a candidate selected will accept a job opportunity 
in an organisation or not.

The analysis was based on a sample of 443 candidates, 
who were provided job offers through XYZ Ltd. during the 
period 2013-2015. Around 81.3% of the candidates were 
men, while 18.7% were women; 54.9% of the candidates 
were IT-skilled, while 45.1% were non-IT-skilled. There 
were 31 clients represented in the data, of which the top 
five were Scope (28.4%), Barclays (12.2%), Aon Hewitt 
(9.0%), Hospira (9.0%), and UST (6.8%). The positions 
were offered across 17 locations, of which the top five were 
Chennai (66.4%), Bengaluru (12.9%), Mumbai (6.1%), 
Coimbatore (2.7%), and Thiruvananthapuram (2.3%). 
The clients belonged to nine verticals, of which the top 
five were BFSI (45.8%), IT (13.3%), Pharma (12.4%), 
IT Products (9.5%), and Telecom (7.7%). The positions 
offered were classified into seven hierarchical levels, and 
the basic salaries were in the range Rs. 6,000 p.m. to Rs. 
5,50,000 p.m., with a mean of Rs. 73,352.59, a standard 
deviation of Rs. 57,683.66, and a median of Rs. 58,310.00. 
The month of joining varied roughly uniformly across the 
12 months, except for lows in January and February. The 
notice period of the candidates varied between one and 
three months, with a mean of 1.7020 months, a standard 
deviation of 0.7455 months, and a median of 1.5 months. 
Finally, 78.1% of the candidates accepted the positions 
offered, while 21.9% did not. The frequency tables are 
available in the Appendix.

Analysis and Findings

Initial exploratory cross-tabulations indicated various 
significant differences in the percentage of non-joiners 

between groups. For ease of presentation, some prominent 
differences are listed point-wise as follows:
	 ●	 IT skillset (25.8%) vs. non-IT skillset (17.9%); χ2 = 

3.986, p = 0.046
	 ●	 for women, Chemicals (66.7%), IT Products 

(50.0%), Telecom (42.9%), BFSI (16.7%), and oth-
ers (0.0%); χ2 = 18.782, p = 0.009

	 ●	 for women with IT skillset, Chemicals (100.0%), IT 
Products (50.0%), Telecom (42.9%), BFSI (17.4%), 
and others (0.0%); χ2 = 15.901, p = 0.014

	 ●	 for IT vertical, men (34.8%) vs. women (0.0%); χ2 = 
6.204, p = 0.013

	 ●	 for IT vertical with IT skillset, men (31.6%) vs. 
women (0.0%); χ2 = 5.034, p = 0.025

	 ●	 for IT skillset, Middle Level Managers (100.0%), 
Project Level Managers (50.0%), Senior Entry Level 
(26.3%), Junior Entry Level (25.0%), Project/Team 
Lead (23.1%), Junior Level Managers (6.7%), and 
Senior Level Managers (0.0%); χ2 = 15.473, p = 0.030

	 ●	 for IT skillset in the IT vertical, Project Level 
Managers (100.0%), Senior Entry Level (29.6%), 
and others (0.0%); χ2 = 18.232, p = 0.006

	 ●	 for men in the IT vertical, Project Level Managers 
(100.0%), Senior Entry Level (41.7%), Junior Level 
Managers (20.0%), and others (0.0%); χ2 = 16.758, 
p = 0.010

	 ●	 for IT vertical, Project Level Managers (60.0%), 
Senior Entry Level (32.3%), Junior Level Managers 
(14.3%), and others (0.0%); χ2 = 14.317, p = 0.026

	 ●	 for Junior Entry Level, IT skillset (25.0%) vs. non-
IT skillset (3.3%); χ2 = 5.975, p = 0.015

	 ●	 for women at Junior Entry Level, Telecom (100.0%), 
IT Products (75.0%), BFSI (8.3%), and others 
(0.0%); χ2 = 11.111, p = 0.049

	 ●	 for women at Senior Entry Level, Chemicals 
(100.0%), IT Products (40.0%), BFSI (16.7%), and 
others (0.0%); χ2 = 13.876, p = 0.031

	 ●	 for women Project Level Managers, IT skillset 
(20.0%) vs. non-IT skillset (0.0%); χ2 = 7.000, p = 
0.008

In view of these observations, the logistic regression 
analysis was performed for each of the major verticals, as 
well as for men and women, separately. Table 1 presents 
the overall logistic regression results.
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Table 1:  Overall Logistic Regression Results

Coeff. P-Value Exp(B) Coeff. P-Value Exp(B)
Men −0.2696 0.4231 0.7637
IT Skillset −0.2375 0.4796 0.7886 −0.5385 0.0277 0.5836
Level 0.4082
Junior Entry Level 0.4724 0.4635 1.6038
Senior Entry Level −0.0897 0.8742 0.9142
Project/Team Lead −0.1165 0.8489 0.8900
Junior Level Managers 0.8230 0.2692 2.2774
Project Level Managers −0.6602 0.3037 0.5167
Middle Level Managers −0.2553 0.7133 0.7746
Notice Period 0.0146 0.0082
1.00 Month 1.2266 0.0013 3.4095 1.1077 0.0012 3.0274
1.50 Months 0.4762 0.2390 1.6099 0.3717 0.3270 1.4502
2.00 Months 0.3484 0.3726 1.4168 0.2647 0.4754 1.3030
2.50 Months 0.2223 0.6471 1.2489 0.0878 0.8426 1.0917
Basic Salary 0.0000 0.9964 1.0000
Vertical 0.4423
BFSI 0.3073 0.5163 1.3597
Chemicals −0.9605 0.2077 0.3827
Electronics 0.4158 0.6590 1.5156
Infrastructure 0.5213 0.6620 1.6841
IT −0.3213 0.5352 0.7252
IT Products −0.1377 0.7958 0.8714
Manufacturing 0.6379 0.4880 1.8924
Pharma 0.7607 0.1890 2.1398
[Constant] 0.8270 0.2984 2.2864 1.0218 0.0004 2.7782
Model Fit Χ2 35.623 0.0330 18.952 0.0020
Nagelkerke R2 12.2% 6.6%
% Correctly Classified 79.4% 77.3%

The overall logistic regression results suggest that the only 
significant variables affecting the likelihood that a candidate 
joins are the candidate’s skillsets and the notice period. In 
particular, candidates with IT skillsets are less likely to join 
than candidates with non-IT skillsets; and the lesser the 

notice period, the more likely the candidate is to join. The 
explanatory power of the overall logistic regression results 
is quite low, indicating scope for improvement.
Table 2 presents the logistic regression results for the 
BFSI vertical.

Table 2:  Logistic Regression Results for BFSI Vertical

Coeff. P-Value Exp(B) Coeff. P-Value Exp(B)
Men −0.3417 0.4761 0.7105
IT Skillset 0.2547 0.5938 1.2900
Level 0.4680
Junior Entry Level 0.7349 0.4603 2.0854
Senior Entry Level 0.0504 0.9435 1.0517
Project/Team Lead −0.8199 0.2853 0.4405
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Coeff. P-Value Exp(B) Coeff. P-Value Exp(B)
Junior Level Managers 0.6540 0.5049 1.9232
Project Level Managers 0.8228 0.4181 2.2769
Middle Level Managers 0.0124 0.9878 1.0124
Notice Period 0.0225 0.0177
1.00 Month 1.6171 0.0119 5.0383 1.6337 0.0063 5.1228
1.50 Months 0.2039 0.7463 1.2261 0.2744 0.6392 1.3158
2.00 Months 0.1646 0.7815 1.1789 0.1646 0.7687 1.1789
2.50 Months −0.5640 0.4511 0.5689 −0.3542 0.5952 0.7018
Basic Salary 0.0000 0.8435 1.0000
[Constant] 0.9918 0.2427 2.6961 0.8650 0.0401 2.3750
Model Fit Χ2 22.645 0.066 14.674 0.005
Nagelkerke R2 17.6% 11.6%
% Correctly Classified 79.8% 80.3%

The logistic regression results for the BFSI vertical 
suggest that the only significant variable affecting the 
likelihood that a candidate joins is the notice period. In 
particular, the lesser the notice period, the more likely the 
candidate is to join. The explanatory power of the logistic 

regression results for the BFSI vertical is relatively low, 
indicating scope for improvement.

Table 3 presents the logistic regression results for the IT 
vertical.

Table 3:  Logistic Regression Results for IT Vertical

Coeff. P-Value Exp(B) Coeff. P-Value Exp(B)
Men −20.9601 0.9985 0.0000 −20.8344 0.9986 0.0000
IT Skillset 0.5452 0.6578 1.7250
Level 0.8664 0.8774
Junior Entry Level 1.6128 1.0000 5.0168 −0.2843 1.0000 0.7526
Senior Entry Level −19.0146 0.9994 0.0000 −20.8664 0.9994 0.0000
Project/Team Lead 2.0703 0.9999 7.9273 −19.8166 0.9994 0.0000
Junior Level Managers −18.1976 0.9994 0.0000 0.0000 1.0000 1.0000
Project Level Managers −21.1692 0.9993 0.0000 −22.3015 0.9994 0.0000
Notice Period 0.9071
1.00 Month 21.3840 0.9996 1.94E+09
1.50 Months 21.8670 0.9996 3.14E+09
2.00 Months 22.8788 0.9995 8.63E+09
2.50 Months 41.4084 0.9992 9.63E+17
Basic Salary 0.0000 0.5604 1.0000
[Constant] 18.8920 0.9997 1.60E+08 42.0373 0.9989 1.81E+18
Model Fit Χ2 30.432 0.004 25.568 0.001
Nagelkerke R2 59.5% 52.0%
% Correctly Classified 80.7% 78.9%

The logistic regression results for the IT vertical suggest 
that the only significant variable affecting the likelihood 
that a candidate joins is the level. In particular, candidates 
are less likely to join at lower hierarchical levels. The 

explanatory power of the logistic regression results for 
the IT vertical is moderate.
Table 4 presents the logistic regression results for the 
Pharma vertical.
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Table 4:  Logistic Regression Results for Pharma Vertical

Coeff. P-Value Exp(B) Coeff. P-Value Exp(B)
Men −17.9120 0.9990 0.0000
IT Skillset 2.5031 0.2257 12.2198
Level 0.8000
Junior Entry Level 10.3550 0.9994 3.14E+04
Senior Entry Level −9.7970 0.1218 0.0001
Project/Team Lead 14.6203 0.9991 2.24E+06
Junior Level Managers −10.9619 0.1173 0.0000
Project Level Managers −13.0461 0.0874 0.0000
Middle Level Managers 7.1471 0.9998 1270.4238
Notice Period 0.9234
1.00 Month 25.5640 0.9979 1.27E+11
1.50 Months 2.3287 0.5291 10.2650
2.00 Months 1.2656 0.4168 3.5452
2.50 Months 25.9374 0.9983 1.84E+11
Basic Salary −0.0001 0.0267 0.9999 −0.0000 0.0146 1.0000
[Constant] 35.1282 0.9980 1.80E+15 3.3800 0.0002 29.3719
Model Fit Χ2 31.304 0.003 6.630 0.010
Nagelkerke R2 75.1% 19.9%
% Correctly Classified 90.4% 88.5%

The logistic regression results for the Pharma vertical 
suggest that the only significant variable affecting the 
likelihood that a candidate joins is the salary. In particular, 
candidates are less likely to join at higher salary levels. 

The explanatory power of the logistic regression results 
for the Pharma vertical is low.
Table 5 presents the logistic regression results for the IT 
Products vertical.

Table 5:  Logistic Regression Results for IT Products Vertical

Coeff. P-Value Exp(B) Coeff. P-Value Exp(B)
Men 0.9238 0.3313 2.5189
Level 0.9827
Junior Entry Level −18.7421 0.9996 0.0000
Senior Entry Level −18.5389 0.9996 0.0000
Project/Team Lead −17.6939 0.9996 0.0000
Junior Level Managers 1.6308 1.0000 5.1079
Middle Level Managers −19.9158 0.9996 0.0000
Notice Period 0.6975
1.00 Month −0.2593 0.8250 0.7716
1.50 Months −0.2173 0.8876 0.8047
2.00 Months −0.4993 0.6771 0.6069
2.50 Months −1.7610 0.1940 0.1719
Basic salary 0.0000 0.4013 1.0000
[Constant] 17.7266 0.9996 5.00E+07 0.8023 0.0162 2.2308
Model Fit Χ2 9.908 0.624 - -
Nagelkerke R2 29.6% -
% Correctly Classified 73.8% 69.0%
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The logistic regression results for the IT Products vertical 
suggest that none of the variables considered affect the 
likelihood that a candidate joins.

Table 6 presents the logistic regression results for the 
Telecom vertical.

Table 6:  Logistic Regression Results for Telecom Vertical

Coeff. P-Value Exp(B) Coeff. P-Value Exp(B)
Men 1.3428 0.4449 3.8297
IT Skillset −22.6703 0.9995 0.0000
Level 0.9603
Junior Entry Level −1.0559 0.4329 0.3479
Project/Team Lead −0.3848 0.7862 0.6806
Junior Level Managers 19.9889 0.9994 4.80E+08
Project Level Managers −40.4920 0.9987 0.0000
Notice Period 0.9923
1.00 Month 0.6774 0.6155 1.9688
1.50 Months 0.2863 0.8385 1.3314
2.00 Months 21.1121 0.9989 1.48E+09
2.50 Months 62.5131 0.9990 1.41E+27
Basic Salary 0.0000 0.4289 1.0000
[Constant] 23.0563 0.9995 1.03E+10 0.8755 0.0200 2.4000
Model Fit Χ2 15.020 0.182 - -
Nagelkerke R2 50.8% -
% Correctly Classified 82.4% 70.6%

The logistic regression results for the Telecom vertical 
suggest that none of the variables considered affect the 
likelihood that a candidate joins.

Table 7 presents the logistic regression results for  
men.

Table 7:  Logistic Regression Results for Men

Coeff. P-Value Exp(B) Coeff. P-Value Exp(B)
IT Skillset −0.0476 0.8987 0.9535
Level 0.5114
Junior Entry Level 0.7293 0.3064 2.0736
Senior Entry Level −0.0524 0.9326 0.9489
Project/Team Lead −0.1058 0.8739 0.8996
Junior Level Managers 1.1189 0.1782 3.0615
Project Level Managers −0.4830 0.4927 0.6169
Middle Level Managers 0.1784 0.8085 1.1953
Notice Period 0.0095 0.0138
1.00 Month 1.4324 0.0007 4.1885 1.1069 0.0024 3.0250
1.50 Months 0.4996 0.2568 1.6480 0.3124 0.4433 1.3667
2.00 Months 0.4875 0.2589 1.6282 0.3365 0.4082 1.4000
2.50 Months 0.2000 0.7044 1.2214 −0.0953 0.8375 0.9091
Basic Salary 0.0000 0.6796 1.0000
Vertical 0.3110
BFSI 0.3183 0.5486 1.3748
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Coeff. P-Value Exp(B) Coeff. P-Value Exp(B)
Chemicals −0.8561 0.3021 0.4248
Electronics 0.3623 0.7087 1.4366
Infrastructure 0.4718 0.6994 1.6029
IT −0.6935 0.2209 0.4998
IT Products 0.0113 0.9850 1.0114
Manufacturing 0.5765 0.5468 1.7797
Pharma 0.7125 0.2524 2.0391
[Constant] 0.3852 0.6320 1.4699 0.6931 0.0114 2.0000
Model Fit Χ2 34.037 0.049 13.411 0.009
Nagelkerke R2 14.2% 5.7%
% Correctly Classified 77.4% 76.5%

The logistic regression results for men candidates 
suggest that the only significant variable affecting 
the likelihood that a candidate joins is the notice  
period. In particular, the lesser the notice period,  

the more likely the men candidates are to join. The 
explanatory power of the logistic regression results 
for men is relatively low, indicating scope for  
improvement.

Table 8 presents the logistic regression results for women.

Table 8:  Logistic Regression Results for Women

Coeff. P-Value Exp(B) Coeff. P-Value Exp(B)
IT Skillset −0.7136 0.4677 0.4899
Level 0.9840
Junior Entry Level −19.0334 0.9992 0.0000
Senior Entry Level −19.3713 0.9991 0.0000
Project/Team Lead −19.9730 0.9991 0.0000
Junior Level Managers −19.1141 0.9991 0.0000
Project Level Managers −19.8140 0.9991 0.0000
Middle Level Managers −20.4831 0.9991 0.0000
Notice Period 0.9999
1.00 Month −0.0449 0.9706 0.9561
1.50 Months −0.1981 0.8938 0.8203
2.00 Months −0.0751 0.9512 0.9276
2.50 Months −0.0165 0.9917 0.9836
Basic Salary 0.0000 0.6235 1.0000
Vertical 0.9346 0.3733
BFSI 0.6144 0.6177 1.8485 1.2993 0.1896 3.6667
Chemicals −21.8651 0.9996 0.0000 −21.6084 0.9996 0.0000
IT 20.4491 0.9987 7.60E+08 20.7974 0.9987 1.08E+09
IT Products −0.7502 0.5749 0.4723 −0.4055 0.7255 0.6667
Pharma 20.0157 0.9991 4.93E+08 20.7974 0.9991 1.08E+09
[Constant] 20.4821 0.9991 7.86E+08 0.4055 0.6569 1.5000
Model Fit Χ2 18.341 0.368 15.155 0.010
Nagelkerke R2 32.9% 27.7%
% Correctly Classified 82.7% 82.7%
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The logistic regression results for women suggest that 
the only significant variable affecting the likelihood that 
a candidate joins is the vertical. In particular, women 
candidates are more likely to join in the IT and Pharma 
verticals, and less likely to join the Chemicals vertical. 
The explanatory power of the logistic regression results 
for the women is moderate.

Discussion

The model provides a tool for recruitment firms to  
prioritise job offers to candidates. The model can be used 
to optimise candidate-job matching, benefiting all parties 
involved; in particular, the losses to the recruiters and 
clients can be minimised. Depending on the candidate’s 
preference for a job opportunity, their likelihood of 
joining can be notified to the client in advance. Based 
on the client’s assessment, a suitable backup can be 
generated to ensure business continuity. Further, follow-
ups to the candidate can be made on the basis of the 
priority accorded to the candidate.

The results of the study indicate that there are different 
factors affecting the likelihood of joining; it may vary with 
different sub-groups. In particular, the factors should be 
analysed in detail, to clearly identify the factors affecting 
the decreasing popularity of our teams. More detailed 
analysis is required to minimise the differences between 
groups for the Indian respondents.

There are several limitations inherent in the study. The 
sample size is relatively small, and in particular, some 
verticals were under-represented. In the same vein, women 
were quite under-represented in almost all of the groups. 
A difficulty in some of the results is the low explanatory 
power, which suggests that other variables should be 
considered to improve the same. A more serious difficulty 
is that some of the results indicate multicollinearity 
between some of the independent variables, suggesting 
that some variables may have to be excluded from 
consideration in order to yield more robust results. Also, 
the data is collected during the period 2013-15, and so 
may not reflect more up-to-date recruitment trends.

There are several ways through which the results of the 
study can be updated and/or extended. More variables can 
be introduced into the model, for example, the candidate’s 
level of experience could be another factor – more 
experienced candidates would be less likely to switch 
jobs unless it resulted in better pay or a better profile. 
Other similar hypotheses may be examined in detail for 
future studies.
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Appendix

Table 9:  Frequency Table of Verticals, Clients, and 
Glassdoor Ratings

Vertical Client Glassdoor 
Rating

Frequency

BFSI ANZ 3.5 23

Barclays 3.4 54

Scope 3.4 126

Chemicals VWR 3.3 10

Electronics Flextronics 3.3 6

Logitech 4.0 3

Infrastructure Aparna Construc-
tions

2.9 1

Dar Engineering 3.0 1

IWL India 2.3 2

MYK Laticrete 3.7 4

RGM 4.8 3

IT Adaptive Mobiles 4.0 3

Cross Domain 3.2 5

Durr India 3.7 4

IDOCZ 1.0 2

New Age Manage-
ment 

4.0 5

Software One 3.3 1

Touchbase 3.5 3

UST 3.0 30

Valuelabs 3.0 3

Williams Lea 3.3 3

IT Products Aon Hewitt 3.7 40

Lennox 3.5 2

Manufacturing Hirotec 2.9 1

Sharada Ceramics 2.3 1

TVS Sundaram-
Brake Linings 
Limited

2.3 5

TVS Sundaram in-
dustries

3.5 13

Pharma Astrazeneca 3.5 15

Hospira 3.0 40

Telecom Ericsson 3.6 19

Prodapt 3.3 15

Total 443

Table 10:  Frequency Table for Locations

Frequency
Chennai 294
Bengaluru 57
Mumbai 27
Coimbatore 12
Thiruvananthapuram 10
Delhi NCR 9
Hyderabad 8
Visakhapatnam 6
Cochin 5
Dubai 3
Kolkata 3
Pune 3
Ahmedabad 1
Jamshedpur 1
Mysuru 1

Raipur 1
Vijayawada 1
Total 442

Table 11:  Frequency Table for Levels

Frequency
Junior Entry Level 66
Senior Entry Level 180
Project/Team Lead 72
Project Level Manager 32
Junior Level Manager 38
Middle Level Manager 22
Senior Level Manager 28
Total 438

Table 12:  Frequency Table for Month of Offer

Frequency
Jan 6
Feb 14
Mar 40
Apr 52
May 47
Jun 54
Jul 41
Aug 48
Sep 35
Oct 35
Nov 38
Dec 32
Total 442
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Introduction

Artificial intelligence (AI) marketing is a system of 
using client data to anticipate the client’s next move and 
ameliorate the client trip. AI offers a way to bridge the 
gap between data gathering and execution, by sifting 
through and assaying extensive data, which was formerly 
an invincible process.

As Sterne points out, data is the primary asset of AI-
grounded marketing approaches. Data for marketing 
comes from a company’s own systems, agencies, third-
party syndicators, client online actions, and numerous 
other sources; and clearly comprises ‘big data’ in the 
total. About 25 per cent of moment’s marketing budgets 
are devoted to digital channels, and nearly 80 per cent 
of marketing organisations make technology-acquainted 
capital expenditures – generally hardware and software – 
according to a recent Gartner check. Easily, some of that 
capital will be spent on AI.

The creation and construction of data is expanding at a 
tremendous rate; it is growing exponentially every day. By 
2020, it is anticipated that the world will have created over 
40 zettabytes of data (1 zettabyte = 1 trillion terabytes), 
with 80-90 of it being unshaped. The elaboration of 
big data and advanced logical results have made it  
possible for marketers to make a clear picture of their 
target group.
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Abstract

Present trends in business are very vibrant, evolving 
day by day. Such innovations can be seen in each and 
every domain of the business. The marketing sector 
has also not been left untouched. With the change 
in the approach of communication and integration, 
conventional marketing has been progressing into 
non-conventional marketing, through the inculcation of 
artificial intelligence in marketing. The development of 
this has led to change in the marketing sector. To study 
the evolution of AI in marketing, along with the adoption 
and the perspective of customers towards AI marketing 
through the medium of this research is a desire. Artificial 
intelligence (AI) is an essential portion of many sectors, 
including marketing. The way in which we use data 
to make important marketing decisions and improve 
customer experience has been revolutionised by AI. 
The objective of this study was to determine the future 
of artificial intelligence in marketing, and to compare 
artificial intelligence marketing and traditional marketing. 
This research focused on the comparative study of AI 
with traditional marketing, its risks, benefits, and its 
impact on digital marketing and its future. A qualitative 
research methodology was utilised to address these 
topics. The theoretical framework discusses the topic 
of artificial intelligence in marketing, comparing it with 
traditional marketing. With the incredible progress 
in AI, machine learning, and deep learning in its sub-
segments, businesses are reaching new levels of data 
analytics productivity, which has an impact on the whole 
sector. For this thesis, the qualitative research method 
was applied by examining the marketing use of AI, to 
investigate how AI is changing the digital marketing 
sector. The objective of this approach was to do a 
broader and more detailed study of AI in marketing. 
Based on the findings of this thesis, it can be concluded 
that AI is going to fundamentally change how marketers 
do their work, making ads more personalised, predictive, 

and automated, than it has ever been. It is found that AI 
is an inevitable part of the future marketing and sales 
environment. The sooner we get acquainted with AI 
capabilities, the better.

Keywords: Artificial Intelligence, Marketing, Traditional 
Marketing, Machine Learning
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Artificial intelligence can reuse both structured and 
unshaped data with exponentially more speed and  
delicacy than any human could. It is a crucial point of 
interest for companies floundering to organise their 
consumer data in a simple way. Marketers are using 
the capability of machine literacy to make connections 
between data points to gain perspective on their client 
base. These systems can dissect speech to determine 
emotion from spoken language, produce visual definitions 
to show social media trends, and crunch data to make 
prognostications.

Still, AI is an important supporter, “If you’re in marketing. 
However, marketing is a rich problem set, If you’re in 
data wisdom.” – Jim Sterne.

“Artificial Intelligence (AI) had an advance time in 
2016, not only with machine literacy, but with public 
mindfulness as well. And it’s only going to continue. 
This time, utmost marketers believe consumers are ready 
for the technology.” Artificial Intelligence Roundup, 
eMarketer, February 2017.

World in the current script is going through a surge in 
digitalisation; the husbandry are evolving going from the 
point and mortar to the structure of click and bricks. This 
modernisation is affecting each aspect of the ultramodern 
life; and business, being dynamic, has not been left 
untouched by this metamorphosis. The invention, always 
being of utmost significance in the business world, is 
inculcating similar digital changes in its functioning. The 
impact of similar inventions can be seen in each scrap of 
business – manufacturing, client services, order placement, 
estimations, and marketing. Kother observes that marketing 
which has been doing for any of the business form, set up 
with the identification of the target client group, and selling 
the products for them using the right blend of the marketing 
tools and similar marketing tools could be either direct 
or indirectly create impact in the market. Marketing is a 
division of the business which plays a significant part in the 
success of the business, including the setting up of the target 
member of the customers and using suitable approaches for 
connecting with the target group.

According to Kother, each targeted member of the 
customers can be reached using different ways, to make 
marketing successful. Now these marketing approaches 
are being mixed with the modernised approach or non-
conventional approach, which are providing fruitful results 

to the business organisations. One of these approaches 
is the inculcation of artificial intelligence or machine 
intelligence in the marketing tools. These marketing 
tools have opened up the supplementary ways of doing 
marketing and conducting business; along with this, they 
have been developed as a way to prize the plethora of 
databases related to the different aspects of business. In the 
marketing division, artificial intelligence can been used to 
value and collect data related to client management, client 
preservation, client creation, and client services. The data 
mining, done through the artificial intelligence, points the 
way to reach the implicit customers, retaining the loyal 
customers, and so on.

Favourable Side of Artificial Intelligence: Machine 
literacy, which can be applied to the colourful different 
fields, and which can inter-relate the colourful fields 
with each other, which can grow, indicate its mind and 
intelligence into colourful fields by relating each other. 
This literacy is used in the e-commerce spots.

Slighting Side of Artificial Intelligence: The machine 
literacy which is concentrated on just one field and ply 
this intelligence in just that area and don’t relate the 
different areas. Like the machine literacy in GPS.

Comparing artificial marketing with traditional 
marketing, the latter is the selling of products using the 
conventional way of commerce with the stakeholders 
like social medias, journals, advertisement agencies etc. 
These marketing ways have different impact factors and 
different life spans; these styles may have a particular 
touch, which facilitates two-way communication or one-
way communication only. Artificial intelligence is a way 
of marketing which develops over time, saves the data 
for an endless time period, and provides a wider base for 
one-to-one marketing which less operations of financial 
reserves of an organisation. In the period of globalisation, 
artificial intelligence evolved as a boon for the small-
scale businesses, as it provided them the opportunity to 
go transnational and conduct business over the Internet. 
Artificial intelligence has grown in truly effective and 
productive ways in the globalised field of business, where 
the marketing is done over a website and the backing is 
handled by the software system.

Krishnamurthy (2016) discussed that e-marketing is the 
use of Internet technologies and the internet, web and 
related information technologies have supported for the 
transformational. E-marketing is using the synthetic 
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intelligence and automation to sell the products over the 
Web. This marketing focuses on the event of a system-led 
solution to a problem, and also allows human interaction 
to develop a precious solution to the issue faced in the 
business context, like segmentation of the business 
markets, management and development of customer 
relations, business channel relationship management, 
structuring the supply-chain management, personal selling, 
customised solutions, pricing strategies, production 
development consistent with customer specifications, and 
so on. The platform used by major websites like Google 
and Facebook is governed by artificial intelligence which 
collects and provides vast information. They use various 
ways of interacting with people to accumulate the info and 
build the info base system, which displays the products 
matching the buyer’s preference. In the foreseen future, 
it is certain that businesses are going to suffer because 
of synthetic intelligence in a number of ways, where 
synthetic intelligence would be able to replace the human 
element in the business. This study basically covers the 
evolution of synthetic intelligence in the field of business, 
reviews the factors affecting the adoption and evolution 
of synthetic intelligence in the minds of the customers or 
consumers, and well-connected and accepting to either 
traditional or artificial marketing within the minds of the 
purchasers.

The most рорulаr АI аррliсаtiоns in marketing are 
соntent сreаtiоn, vоiсe search, рrediсtiveness аnаlysis, 
lead sсоring, ad targeting, and dynamic рriсing. With 
these АI аррliсаtiоns, marketers саn аnаlyse сustоmers 
based on their movement and behaviour over time, to 
асhieve dynamic micro-segmentation and fоreсаst their 
future movements, in general. With all these sрeсifiс 
infоrmаtiоn, marketers саn fосus оn the sрeсifiс needs 
and сreаte а long-term relаtiоnshiр with the brаnd. Miсrо-
segmentаtiоn is helping brands tо соmmuniсаte in рersоn 
with eасh customer, and to improve loyalty and life-time 
value.

Brands are using the роwer of the АI for рersоnаlisаtiоn оf 
email/SMS marketing саmраigns, which рrоvides better 
соnneсtiоn, and trаnsfоrmаtiоn оf these users into clients. 
Digital advertising is the area with the most suссessfully 
аdорted АI. Fасebооk and Gооgle are gооd examples of 
АI and mасhine learning usage. They аnаlyse the user’s 
infоrmаtiоn, their interests, and demоgrарhiсs, to learn and 

detect the best аudienсe for their brand. Рrediсtive аnаlysis 
is the usage of data, stаtistiсаl аlgоrithms, and mасhine 
learning techniques with the gоаl of identifying аll the 
future соnсlusiоns, based just on data history. Besides, АI 
саn lower рrоduсtiоn соsts and increase соmрetitiveness.

Therefore, АI does not exist tо reрlасe the jobs оf the 
marketers or advertisers, but tо help them develор their 
сreаtive and strategic роtentiаl. In аdditiоn, they should 
learn tо use the аdvаntаges оf АI.

In this рарer, the соmрrehensive аnаlysis оf АI and ML 
аррliсаtiоn in marketing is given. АI really саme into 
existence with the birth оf соmрuters, аrоund the 1940s 
аnd 1950s. During the earlier рeriоd оf its develорment, 
аttentiоn was сleаrly fосused оn getting соmрuters 
tо dо things. In the 1960s аnd 1970s, there wаs а reаl 
рhilоsорhiсаl discussion аbоut how сlоse human brain 
and соmрuters соuld be. The next deсаde, from the1980s 
tо the 1990s, brought а whole new аррrоасh. Аrtifiсiаl 
соmрuter brains had орened uр роssibilities and сreаted а 
соmрletely new set оf questiоns.

The next deсаde has brоught аdvаnсed sоftwаre intelligent 
agents. Аn intelligent agent is а sоftwаre with а роssibility 
of assisting рeорle and acting оn their behalf. Agents саn 
аutоmаte repetitive tasks, remember things that users 
forgot, learn from the user, оr саn make reсоmmendаtiоns. 
АI соuld be intelligent in its own way now: there is а 
роtentiаl tо be bigger, faster, and better. Рeорle realised 
that the аrtifiсiаl brain соuld оutрlаy the human brain. АI 
teсhnоlоgies are used in numerous Internet tооls: search 
аlgоrithms, reсоmmendаtiоn systems, and systems fоr 
сreаting websites.

АI is unsurраssed by the human brain nоwаdаys. АI 
аррliсаtiоns in the nаnсe, military, and mаnufасturing 
sectors are something that a human brain саnnоt соmрete 
with. Аrtifiсiаl brains now have their own bodies. 
They are suрроrted by the ability of the АI to learn 
from experiences and аdарt over time. First сараbility 
includes images, sounds, and speech. Fасiаl reсоgnitiоn 
is the latest рrасtiсаl рrооf оf improving рrоduсtivity. 
Natural language and inference engines make better 
соmрrehensiоn оf соlleсted infоrmаtiоn. АI systems саn 
take different асtiоns through teсhnоlоgies in the рhysiсаl 
world. Аutо-рilоt in саrs is the best example.
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Research Methodology

The Objectives of the Study

	 ●	 To determine the future of artificial intelligence in 
marketing.

	 ● 	 To compare artificial intelligence marketing and tra-
ditional marketing.

This is an exploratory research based on literature and the 
desire to find out the persuasive results in the E-Commerce 
Company and Regular customer use the online shopping. 
Both primary and secondary data have been used to fulfil 
the requirement of achieving the objectives. An extensive 
survey has been used to collect the primary data from the 
employees and customers, mainly through a questionnaire.

Research Design

An empirical and descriptive research structure has been 
followed to get the information related to our objectives, 
which deals with the factors governing the adoption and 
future of AI in marketing. Along with this, qualitative 
research design is used to have an in-depth insight into 
factors governing the adoption of AI, as it may be a new 
phenomenon, and for the researcher to possess an in-
depth understanding of the behaviour of the customer, 
alongside the conceptual and theoretical framework of 
AI application. The primary study has been conducted on 
200 people using convenient sampling.

Review of Literature

	 ●	 According to T. Thiraviyam (2018), “Artificial in-
telligence (AI) marketing is a method of leverag-
ing customer data to anticipate the customer’s next 
move and improve the customer journey. AI offers 
the way to bridge the gap between data science and 
execution by sifting through and analysing huge 
dumps of data which was once an insurmountable 
process.”

	 ●	 Ramin Muhammadian (2020, July),  “AI is becom-
ing popular due to it being more accurate and precise 
than humans, which leads to more work efficiency. 
Visual search, video branding, and block chain tech-
nology will determine the marketing sector in the 

future. Analysis, adjustments, and predictions in 
digital marketing are easier now with the help of AI. 
Methods can be tested in smarter ways without los-
ing too much money. On the other hand, users are 
becoming more aware of how their information is 
used. Therefore, marketers have to attract customers 
in meaningful ways, without copying too much of 
their personal information. In spite of marketing ob-
stacles that will emerge in the future, such as regula-
tions, digital marketing is ready for possibility and 
variety. In the author’s opinion, AI is going to fun-
damentally change how marketers are doing their 
work and making ads more personalised, predictive, 
and automated than it has ever been. While the com-
puter analyses and decides at much higher rates and 
precisions than before, people still have the skills to 
challenge the conclusions of the machine and take 
final decisions".

Evolution of Artificial Intelligence in Marketing

The evolution of AI is clear because lately, the discussions 
within the data science space is not just crammed with 
data modelling issues; it involves building a platform 
for machine-specific learning so that the machine can 
perform beginning-to-end functioning through continuous 
specific learning. With the necessity for greater efficiency 
every day, marketing and sales are at the middle of the 
AI evolution. Companies that vastly believe in inbound 
leads and inbound marketing practices, believe that the 
customer data helps to know customer behaviour. The 
importance lies in understanding the customer’s journey, 
and therefore, the need to improve customer experience 
continuously is a thing that does not need emphasis any 
longer. Similarly, outbound teams are also using AI to 
big advantage, in streamlining their CRM systems, thus 
ensuring that their sales teams are those that specialise in 
the proper leads with the highest sales propensity. From 
the machine learning perspective, it all starts with data 
processing, followed by the subsequent stages of model 
building, and deployment and monitoring.

Data Processing Stage: The information processing stage 
typically involves collecting, cleaning, and formatting 
data, which may be fed into the models. Models are as 
good as the data inputs, which makes info processing 
supremely critical for marketers and salespeople. At this 



20      International Journal of Business Analytics & Intelligence	 Volume 10 Issue 1 April 2022

stage, most companies use a combination of SQL queries 
and Python scripts to aggregate and format data from 
multiple sources.

According to Teradata’s ‘State of AI for Enterprises’ 
report in October 2017, 80% of the businesses have 
implemented artificial intelligence mechanisms to carry 
out production and other business operations; most of this 
adoption is happening in the Asian region.

With all the major tech companies reorienting themselves 
around AI and the advertisement of tone-driven buses 
from several machine majors, we can say with conviction 
that the AI surge has arrived. With its Azure platform, 
Microsoft is taking a big step forwards in helping 
businesses harness this technology. As Microsoft stated 
at the Ignite event, its ideal is to support businesses in 
the areas of client service and deals support. Through 
its Dynamics 365 AI result, which is being tested with 
companies similar to HP and Macy’s, AI is being used to 
help guests get the products and installations they need.

The Way Forward: For marketers and salesmen, the 
factual pain point is getting the right information about 
the prospect or client at the right time, and intelligence on 
what interests them and why. For example, as a salesman, 
you might want to know the accounts that are likely to 
convert into deals. Also, a marketer might be interested in 
knowing what content will probably reverberate the most 
with the client.

Findings

It has been agreed by a majority of the respondents that 
artificial intelligence-grounded marketing has better 
effectiveness than traditional marketing. AI allows us to 
gain or sustain a competitive advantage; this is the positive 
side. It was understood that AI-grounded marketing 
is most effective when the product needs to be placed 
according to different classes. From the analysis, it was 
understood that AI-grounded marketing provides a better 
result when the product needs to be placed in a different 
position; and the position or platform impacts the results 
of the marketing crusade. Traditional marketing also has 
better effectiveness as artificial intelligence-grounded 
marketing. A majority of the respondents believe that 
artificial intelligence is not only the technology that powers 
the marketing channels, but is also the empowering tool for 

businesses thereafter. Artificial intelligence not only helps 
marketers in executing their marketing strategies, but also 
helps in forming them. AI operations are incorporated in 
all areas of marketing; different AI technologies are used 
within marketing practices.

Need of Conforming AI as a Marketing 
Strategy

Effective marketing strategy will need the right decisions 
to make a company successful online. To achieve a 
successful marketing strategy, it is necessary to follow up 
on new social trends and keep interacting with the client. 
Therefore, the power of artificial intelligence systems in 
digital marketing strategies enables a marketer to request 
his products or services, and succeed in his business 
operations.

Conclusion

We have to develop one-on-one connections with the 
consumer. That is the need of the hour; that is what will 
make us survive in the new world. Marketing, at its core, 
is about the mind and heart. It is about intelligence and 
emotion. Though we have to give the functional benefits, 
we also have to enthral the emotional space in the minds 
of the consumers.

The way it has been communicated with consumers has 
changed marketing. It is morphing every day and that is 
where the big shift has happened. The big change that 
is happening in marketing are artificial intelligence and 
machine literacy. This creates new openings for fabricator 
and marketing. It will change how people interact with 
information, technology, brands, and services. Therefore, 
marketers must acclimatise artificial intelligence systems 
in their marketing strategies to succeed in the present 
period of digital marketing. It saves both time and 
plutocrat for the marketers, guests, and prospects, and 
occupies the minds of guests without mortal intervention.
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Introduction

Definition

The term ‘drone’ usually refers to any unpiloted aircraft. 
Sometimes referred to as ‘unmanned aerial vehicles’ 
(UAVs), these crafts can carry out an impressive range 
of tasks, ranging from military operations to package 
delivery. They can be controlled by either a human or by 
a computer. Civilian UAVs have become more popular. 
Some recreational drone activities embrace photography 
and racing. UAVs have been used to smuggle drugs 
and alternative varieties of contraband. Several firms 
are currently pushing for drone delivery services. 
There are four major sorts of drones that have different 
characteristics to cater to different needs.
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The basic uses of drones in day-to-day life are increasing rapidly and the signs of its growth 
in human life is significant. Some of the major uses are as follows: 

 Delivery of supplies 

 Emergency rescue 

 Outer space activities 

 Wildlife and historical conservation 
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Abstract

The term ‘drone’ usually refers to any unpiloted aircraft. 
Sometimes referred to as ‘unmanned aerial vehicles’ 
(UAVs), these crafts can carry out an impressive 
range of tasks, ranging from military operations to 
package delivery. Drones are a valuable addition to any 
industrial facility’s efforts, as they sanction a limitless 
aerial perspective. The opportunities for drones to 
have real worth are endless. A drone is mainly used in 
the construction industry for surveying and inspection 
purposes. Drones are equipped with downward-
facing sensors, such as RGB, multi spectral, thermal, 
or LIDAR, and they can capture a great deal of aerial 
data in a short time. The main objective of drones in 
infrastructure is mainly in the area of safety. Drone 
technology makes the job of site inspectors safer, as 
they can conduct inspections remotely without entering 
hazardous areas. In addition, drone inspections 
are faster and cost-effective. The methodology of 
drone application in infrastructure is that they provide 
construction teams with an overhead view of job sites, 
materials, machinery, and people. Contractors are using 
the autonomous flying machines to record images and 
videos that help optimise everything, from grading plans 
and operations to identifying differences between as-
designed and as-built site plans. Drones in construction 
allow contractors a chance to monitor any issue, track 
progress, and develop better plans on-site by providing 
an unrivalled view of a site at a fraction of the cost. 

Keywords: Drones, Unmanned Aerial Vehicles 
(UAVs), Infrastructure Safety
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The basic uses of drones in day-to-day life are increasing 
rapidly and the signs of its growth in human life is 
significant. Some of the major uses are as follows:
	 ●	 Delivery of supplies
	 ●	 Emergency rescue
	 ●	 Outer space activities
	 ●	 Wildlife and historical conservation
	 ●	 Military operations
	 ●	 Medicine supply to hard-to-reach areas
	 ●	 Construction projects
	 ●	 Photography

Work Done and Lessons Learnt

In this chapter, the basic details of the drone are 
described. Starting from the components of a drone, with 
a brief detail about the different parts, to the construction 
and assembling of a drone are explained. There are 
different types of drones used, based on the purpose and 
functionality.

The components of drones should be known to understand 
the working of the drone.

Components of a Drone

	 ●	 Standard Prop
		  The ‘tractor’ propeller are the props at the front of 

the quadcopter. These props pull the quadcopter 
through the air like a tractor. Although some drones, 
like the DJI Phantom, look similar from any angle, 
there is a front and a back.

	 ●	 Pusher Prop
		  The pusher props are at the rear and push the UAV 

forward, thus the name ‘pusher props’. These con-
tra-rotating props precisely eliminate motor torques 
throughout stationary level flight. Opposite pitch of-
fers downdraft. These will be plastic, with the high-
er pusher props made from carbon fibre.

	 ●	 Brushless Motors
		  Brushless motors take the craft into the sky and 

keep cameras level. They are fast, powerful, agile, 
extremely economical, and very reliable, and thus, 
ideal for everyday use. Practically, all the most re-

cent drones use a brushless electrical ‘out-runner’ 
type of motor that is a lot more efficient, reliable, 
and quieter than a brushed motor.

	 ●	 Motor Mount
		  Discreetly concealing the wires inside the arm, the 

Universal Motor Mount is a sublime resolution for 
any multi-rotor drone or RC quadcopter. The drone 
motor mount is typically designed into the mix, fit-
ting with the landing struts or a part of the UAV 
frame.

	 ●	 Landing Gear
		  The purpose of the landing gear in an aircraft is to 

supply a suspension throughout taxiing, take-off, 
and landing. It is designed to soak up and dissipate 
the K.E. of the landing impact, thereby reducing the 
impact hundreds transmitted to the airframe.

	 ●	 Boom
		  Shorter booms increase manoeuvrability, whereas 

longer booms increase stability. Booms should be 
strong enough to carry up in a severe crash while 
being busy-bodied and equipped with minimal prop 
draught. In several drones, the boom is a component 
of the most body. Alternatively, drones have an ex-
plicit boom as a separate part. The Parrot area unit 
2.0 has the central cross boom.

	 ●	 Main Drone Body Part
		  This is the central hub from which booms radiate, 

like spokes on a wheel. It houses the battery, main 
boards, processors avionics, cameras, and sensors.

	 ●	 Electronic Speed Controllers (ESC)
		  An electronic speed controller or ESC is Associate 

in Nursing electronic circuit that varies an electri-
cal motor’s speed, its direction, and presumably 
additionally, acts as a dynamic brake. It converts 
DC battery power into three-phase AC for driving 
brushless motors.

		  Electronic Speed Controllers are a vital part of the 
recent quadcopters (all multi-rotor), which provide 
high power, high frequency, high resolution the-
phase AC power to the motors in an especially com-
pact miniature package.

	 ●	 Flight Controller
		  The flight controller interprets input from the receiv-

er, GPS module, battery monitor, and other sensors. 
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		  It regulates motor speeds via ESCs to produce steer-
ing, and furthermore, as triggering cameras or other 
payloads. It controls autopilot, waypoints, follow-
me, failsafe, and plenty of other autonomous func-
tions. The flight controller is central to the complete 
functioning of your UAV.

	 ●	 GPS Module
		  The GPS module usually combines the GPS receiver 

and the magnetometer to supply latitude, longitude, 
elevation, and compass heading from one device. 
The GPS is very important for waypoint navigation 
and several alternative autonomous flight modes. 
Without GPS, drones would have very restricted 
uses.

	 ●	 Receiver
		  The receiver on a drone is a device that uses built-

in antennas to receive radio signals from the drone 
controller. This information is then sent to the con-
trol board, or flight controller, that puts the knowl-
edge into action by dominating the drone as indi-
cated by the first radio signals.

	 ●	 Antenna
		  An antenna is a transducer that converts electric 

power into magnetic waves and vice versa. An an-
tenna can be used either as a transmitting antenna or 
a receiving antenna. A transmitting antenna is one 
which converts electrical signals into electromag-
netic waves and radiates them.

	 ●	 Battery
		  An FPV drone battery is the foundational part of a 

quadcopter and should be with selected with con-
sideration to attain a perfect balance between per-
formance and flight time. Lithium batteries are the 
foremost common battery chemistry used to power 
quadcopters, thanks to their high energy densities 
and high discharge capabilities.

	 ●	 Battery Monitor
		  Provides in-flight power level observance to flight 

controller.
	 ●	 Gimbal
		  The drone gimbal is the pivoting mount that rotates 

with respect to the x, y, and z axes to supply stabi-
lisation and inform about the cameras or alternative 
sensors.

	 ●	 Gimbal Motor
		  Brushless DC motors are used for direct-drive angu-

lar positioning, which needs specially-wound coils 
and dedicated management of the electronic equip-
ment which have recently become commercially 
available.

	 ●	 Gimbal Controller Unit
		  Allows management of direct-drive brushless gim-

bal motors as if they were standard servo motors.
	 ●	 Camera
		  FPV cameras are small, lightweight, and fairly 

priced. The FPV camera is mounted onto a drone to 
send real-time video all the way down to the bottom, 
employing a video transmitter. The FPV camera al-
lows you to visualise wherever the drone is flying 
and what it is seeing as if it had its own eyes.

	 ●	 Sensors
		  Tilt sensors, combined with gyros and accelerom-

eters, offer input to the flight-control system, to keep 
up level flight. It is the gyro compensation that per-
mits these tilt sensors to be used in moving applica-
tions like cars or drones.

	 ●	 Collision Avoidance Sensors
		  Drones these days will escort a pair of different 

kinds of sensors. The first ones are for making 3D 
pictures of the external world by LIDAR and ther-
mal vision cameras.

		  The second ones are on-board sensors for colli-
sion avoidance, using monocular vision, supersonic 
(Sonar), infrared, LIDAR, Time-of-Flight (ToF), 
and vision sensors.

	 ●	 Active Tracking Follow Mode and Safety Features
		  Many of the drone components adore the camera; 

collision dodging sensors send knowledge back to 
the flight controllers.

		  The flight controller is additionally used for sending 
and receiving data from the motors, electronic speed 
controllers, satellite navigation systems, IMU, and 
gyroscope. The drone is also programmed with re-
fined vision algorithms permitting it to be able to 
track objects and avoid obstacles while following a 
person, car, bike, or boat.
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Briefing of Usage of Drones in Different Fields 
and its Applications

Delivery of Supplies

Drones can move small items quickly, reducing the 
necessity for forklifts, and probably substituting the 
conveyor systems often used to transport boxes around 
distribution centres. Outside of the warehouse, drones 
may additionally be used for supply chain deliveries.
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Practical Reference

In March 2011, a strong earthquake caused a natural 
disaster, i.e. Tsunami that hit Japan, causing severe harm 
to the Fukushima Daiichi nuclear plant. The damage 
further led to a complete evacuation due to the quantity 
of dangerous nuclear material that was released. Drones 
were deployed in the air and on the ground at the primary 
potential instance to assess the extent of the destruction. 
These pilotless vehicles were able to offer aid in watching 

for radiation exposure, repairing destroyed areas, and 
reconstruction efforts, all while minimising the nuclear 
fallout exposure for relief workers.

Outer Space Activities

Drones are used for outer space research, where pin-point 
observation and accuracy is needed. Drones are mainly 
used by NASA; this is the budding technology mainly 
used in space missions to understand and observe the 
celestial bodies present in other planets.
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Military Operations

In the military, these are UAVs (Unmanned Aerial 
Vehicles) or RPAS (Remotely Piloted Aerial Systems), 
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also called pilotless vehicles. Drones are mainly used in 
situations where human flight is considered to be too risky 
or difficult. Drones provide soldiers with a 24-hour ‘eye 
in the sky’, seven days a week.

Among the various uses of pilotless (UAV’s) systems in 
defence operations, the following are a few important 
ones:
	 ●	 Used in detection of chemical explosives.
	 ●	 Used for delivering medical supplies and vaccines 

to restricted zones.
	 ●	 Used as a means of communication and navigation 

substitute.
	 ●	 IED detection and elimination.
	 ●	 Base perimeter controlling and monitoring.
	 ●	 Used in distant target observation.
	 ●	 Used for target destruction.
	 ●	 Used in close-quarters combat.

Drones can stay aloft for 34 hours straight, can fly at 
strikingly high altitudes of 60,000 feet, and have a range 
of more than 12,000 nautical miles.
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Medicine Supply to Isolated Areas

Common drone applications in medicine include the 
supply to disaster zones; they can be used as an alternative 
means of transport, where the access is severely restricted. 
They help in delivering aid packages, medicines, vaccines, 
blood, and other medical supplies to remote areas; and 
providing safe transport of unwell check samples and test 
kits in areas with high contagion.
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Applications of Multi-Rotor Drone Technologies in 
Construction

Lu and Lia (2018), Multi-rotor drones are one of the 
replacement and most advanced technologies. Therefore, 
several fields are showing increasing interest in utilising 
multi-rotor drones, mapping in mining, and security and 
surveillance in transportation. The infrastructure sector 
has been a slow adoptive parent of novel technologies. 
However, multi-rotor drones have the potential to 
facilitate construction in many aspects. There is, therefore, 
a necessity to extensively analyse their applications 
and analyse their roles in construction engineering 
and management. This paper aims to comprehensively 
investigate the applications of multi-rotor drones, analyse 
their edges, and explore their potential as the way forward 
for the construction industry. Many main aspects are 
reviewed and discussed, particularly land surveying, 
logistics, on-the-spot construction, maintenance, and 
demolition. The results reveal that the most contributions 
are in work safety, cost-effectiveness, and carbon 
emission reduction, whereas there are adverse impacts 
on the idea of current limitations of multi-rotor drones. 
However, it will be foretold that the employment fullness 
of drones can still increase on the way forward for the 
development of the construction industry. Thus, this study 
will profit construction managers in raising awareness of 
the use of those rising technologies, and researchers in 
additional exploring applications of multi-rotor drones in 
construction projects.
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Same-Day Delivery with Heterogeneous Fleets 
of Drones and Vehicles

Ulmer and Thomasc (2018), in this paper, we analysed 
how drones are often combined with regular delivery 
vehicles to enhance same-day delivery performance. 
In the context, we present a dynamic vehicle routing 
downside with heterogeneous fleets. Customers’ orders 
are delivered over the course of the day. These goods are 
delivered either by a drone or by a daily transportation 
vehicle within the delivery deadline. Drones are faster; 
however, they have a restricted capability as they need 
charging once used. In the same-day context, vehicle 
capacity is not a constraint, but vehicles are slow because 
of urban traffic. To come to a decision of whether an order 
is to be delivered by a drone or by a vehicle, we have 
to propose a policy to perform approximation-supported 
geographical districting. The results of the study reveal 
two major implications. First, geographical districting 
is very effective in increasing the expected variety of 
same-day deliveries. Second, a mix of drone and vehicle 
fleets could considerably scale back the desired delivery 
resources.

Use of Drones for Surveillance and 
Reconnaissance of Military Areas

Paucar et al. (2018), This analysis is meant to contribute 
to the look of management algorithms for static cameras 
and drones. These were modelled on the quadcopter 
Parrot Bebop 2 by using the communication software OS 
ROS to supply information and acknowledge the different 
drone stages (landed, on flight, and its manoeuvres: yaw, 
throttle, roll, and pitch). The controller was developed 
by conducting many tests concerning the perfect 
distance for effective drone operations that embrace 
image process for target detection or chase in real time. 
This study additionally analyses the advantages of the 
implementation of this technology among the Ecuadorian 
soldiers for police investigation and intelligence activity 
operations. Supporting the results, it is observed that the 
utilisation of drones in aspects of national security would 
have a positive impact resulting in optimising the human 
resources efficiently in military operations.

Drones for Conservation in Protected Areas: 
Present and Future

Lopez and Mulero-Pázmány  (2019), National Park 
managers are entitled to cost-efficient and innovative 
solutions to handle the good kind of environmental 
issues that threaten diversity in protected areas. Recently, 
drones were relied upon to revolutionise conservation; 
they have the potential to evolve and lift better-
informed selections to help management. Despite great 
expectations, the advantages that drones may foster 
effectiveness stay essentially unexplored. To deal with 
this gap, we performed a literature review concerning 
the utilisation of drones in conservation. They chose a 
256 studies, of which 99 were distributed in protected 
areas. They classified the studies in five distinct areas 
of applications: wildlife observation and management; 
ecosystem monitoring; law enforcement; ecotourism; and 
environmental management and disaster response. They 
studied the known specific gaps and challenges that will 
yield the growth of vital analysis or monitoring. Their 
results support the proof that drones deserve to serve 
conservation actions and reinforce effective management; 
however, multidisciplinary research should resolve the 
operational and analytical shortcomings that undermine 
the prospects for the drone’s integration in protected areas.

Analysis

Whether we name them as remote-controlled aerial 
vehicles (UAVs), non-pilot drones, or flying mini robots, 
drones are increasingly growing in popularity. They are  
still in the infancy stage in terms of mass adoption-
associated usage. However, drones have already broken 
through rigid ancient barriers in industries that otherwise 
appeared impenetrable by similar technological 
innovations. Over the past few years, drones became 
central to the functions of varied businesses and 
governmental organisations, and have managed to pierce 
through areas wherever bound industries were either 
stagnant or lagged behind. From fast deliveries at time 
of day to scanning an out-of-reach military base, drones 
are proving to be extraordinarily helpful in places where 
man cannot reach, or is unable to perform in a timely and 
economical manner.
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Increasing work potency and productivity, decreasing 
employment and production costs, rising accuracy, 
processing service and client relations, and partitioning 
security problems on an enormous scale are a couple 
of the important uses of drones in the supply industries 
globally. Adoption of drone technology across industries 
leapt from the furore stage to the mega-trend stage fairly 
quickly, as a lot of businesses began to understand its 
potential, scope, and scale of global reach.

Whether drones are controlled by a remote or accessed 
via a smartphone app, they possess the potential of 
reaching the foremost remote areas with very little to no 
personnel required; and they need the smallest amount 
of effort, time, and energy. This is often one of the most 
important reasons why they are being adopted worldwide, 
particularly by these four sectors: military, commercial, 
personal, and future technology.

Conclusions and Recommendations

Drones are a valuable addition to any industrial facility’s 
efforts; they sanction a limitless aerial perspective. The 
chances for drones to have real worth are endless. Drones 
open up new opportunities and generate efficiencies in 
industries such as mining, sea ports, oil & gas, and other 
large industrial facilities.

Their need emerged as implausibly powerful, versatile 
industrial tools, capable of finishing a good variety of 
applications. Trade professionals are exploiting drones 
to boost and optimise industrial processes to enhance 
operational efficiencies. Drones are utilised throughout 
numerous phases of the facility’s lifecycle. The nearly 
limitless visibility and information gathering and 
analysing capabilities make the machine-controlled 
drones valuable for many trade sectors. Drones are 
unambiguously qualified to capture aerial information 
for consistent use at massive industrial facilities, sanction 
a speedy and ocean-less data assortment, fuelling wise 
business call processes. An automatic drone system will 
increase potency by eliminating the requirement for 

a drone operator, while providing seamless access to 
routine and frequent and periodic data.

Automated drones are capable of finishing a good variety of 
applications. Automated drones are employed in the oil & 
gas facilities for security, surveillance, emergency response, 
and infrastructure inspection. In sea ports, drones perform 
applications such as mapping, surveying, operational 
oversight, and port observation and traffic control. In mining 
operations, drones can be utilised in stockpile management, 
tailings dams, inspections, and more.
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Introduction

Many organisations around the world are faced with an 
increasing number of information security attacks on their 
systems. While the ISS world often focuses on analysing 
and counteracting threats of external origin (Magklaras 
et al., 2006), most of these threats originate from insiders 
(D’Arcy et al., 2009). The frequency of occurrence is not 
the only indicator of the impact of insiders’ incidents; 
there are also considerable financial costs attributed to 
legitimate user actions (Magklaras et al., 2006). Many 
researchers (Magklaras et al., 2002; Theoharidou, 2005; 
Warkentin et al., 2009) report that the insider threat 
remains the greatest single risk to organisations, and 
most security experts agree that more successful attacks 
usually come from inside the organisation rather than 
from outside, and that insider attacks are potentially more 
costly (Schultz, 2002; Shaw et al., 1998). The internal 
incidents are here to stay and their mitigation should be a 
priority for IT professionals (Magklaras et al., 2006).

When we explore the information security breach 
problems in Ethiopia, due to lack of studies in the areas of 
information system security (ISS), it is difficult to know 
the exact figure with respect to the financial losses of the 
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Abstract

Nowadays, it is clear that information security is one of 
the most basic issues that organisations need to focus 
on. Despite huge investments made by companies to 
keep their information systems safe, there are many 
information security breaches that infiltrate companies’ 
systems; consequently, these cost them their reputation, 
affect customers’ confidence, and bring huge financial 
losses. Ethiopian companies are not immune to this 
security problem, and there are many signs of information 
security breaches. The literature suggests that almost 
all investments in information security related issues 
are for technological solutions. However, this type of 
solutions alone do not work well, and according to some 
researchers, there is one significant element that has 
been given very little attention, the human factor. Most 
of the information security breaches are caused by 
employees who are legitimate users of the company’s 
systems. So ‘how can we counter the illegal action of 
our own employees?’ is the main objective this study 
tried to address. The findings showed strong evidence 
on the influence of contextual factors and national 
culture, on employees’ information security behaviour, 
and consequently, it highlighted the importance of 
taking some level of precaution when organisations 
introduce new policies or standards that are copied from 
abroad. Policy makers and ISS managers in Ethiopia, 
particularly at the Information Network Security Agency 
(INSA), can learn how important it is to modify or adapt 
their ISP, which was copied from ISO 27002, based on 
the findings of this study. 

Keywords: Contextual Factors, National Culture, 
Employees’ Information Security Behaviour, Financial 
Institutions, Information Systems Security
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incidents. Interestingly, we tried to have an interview with 
IT security officers of different banks located in Addis 
Ababa, but they were not willing to state financial losses 
they incurred by ISS breaches. Even though there is lack 
of documented and published information with respect to 
security breaches in Ethiopia, there are some indications 
which show us the critical level to which ISS breaches 
reach the country. For example, according to a special 
programme that was broadcasted by the Ethiopian Radio 
and Television Agency (2012), the Ethiopian Revenue 
and Custom Authority junior database administrator used 
the password provided to him by his boss (because she 
went abroad), to deliberately delete the data related to 
a tax which the company is expected to collect from its 
customers. In return, he received 800,000 Birr, and this 
single incident cost the company 13,000,000 Birr.

In another instance of information security policy (ISP) 
violation, the Ethiopian Airlines terminated 11 employees 
working in different departments, citing violation of 
rules and procedures they were expected to abide by 
and abuse of the systems that they had privileged access 
to (Ethio_News_24, 2013). The alleged abuse of the 
systems is connected to its frequent-flyer programme 
called ShebaMiles, whereby Ethiopian Airlines customers 
can accumulate miles that would result in awards of 
free tickets, gifts, and privileges. The sources indicated 
that the alleged wrongdoing was uncovered following 
a complaint by a customer enrolled in the ShebaMiles 
programme, regarding irregularities in the frequent-flyer’s 
account. Obviously, this incident may have damaged the 
good image of the airlines, which in turn may bring some 
kind of financial loss to the company.

The main research problem that initiated this research 
work was the lack of studies in every corner of the world 
in general, and Africa in particular, that investigates 
how national culture moderates the influence of formal 
sanctions (in this research we use security counter 
measures interchangeably with formal sanctions), 
perceived benefits, moral beliefs, and shame on employees’ 
intention to violate ISSP. Despite critical ISS problems in 
Africa, and particularly in Ethiopia (Gardachew, 2010; 
Bultum & Ayana, 2012; Taddesse & Kidan, 2005), there 
is hardly any research that tries to consider non-technical 
solutions to the problem. Specifically, one of the non-
technical elements gaining increasing attention is the 
human element. According to researchers, one of the most 
common factors to shape human behaviour is culture, 

and to this end, there is hardly any attempt to explore the 
influence of national culture on ISSP compliance.

To clearly show the ever-increasing number of ISS 
breaches, it is important to see some figures in the global 
perspective. The ISS threat that is caused by insiders 
or employees’ non-compliance is not limited to Africa; 
literature shows the existence of many information 
security breaches problems all over the world. According 
to Garg (2003), companies all over the world are losing 
more than $2 trillion due to security breaches. This 
problem will be more frustrating when we realise that 
most of the breaches are caused by insiders. Between 
one-half and three-quarters of all information security 
incidents originate from within the organisation (Ernst 
& Young, 2003; Information Week, 2005). Since only 
a fraction of information security incidents are actually 
discovered (Hoffer & Straub, 1989; Whitman, 2003), 
the figures from different reports and studies may be 
lower than the actual fact. As insiders have better access 
to the companies’ secured information, they can bring 
catastrophic consequences to their company, in terms 
of financial as well as non-financial aspects, such as 
destroying the good image of the company, customers’ 
confidence, and many more (D’Arcy et al., 2009). In 
this research, an insider is defined as a person that is 
legitimately given the capability of accessing one or 
more components of IT infrastructure (Magklaras et al., 
2006, pp. 3). The CyberSecurity Watch Survey (2010) 
annual report indicates more than $2 billion in losses 
to organisations due to ISS breaches between 1997 and 
2007. According to the survey, companies may continue 
to suffer more losses in the future, if the overall types of 
attacks are doubled in the specified time period. More 
recently, CyberSecurity Watch Survey (2012) annual 
report indicates that insider attacks increased from 41% 
in 2004 to 53% in 2011. In addition to this, according to 
a report by Verizon (2012), the security breaches caused 
by insiders increased on average from 33% (2004-2007) 
to 48% (2009). To make matters worse, insider abuse 
of company systems is the second-most frequent (44%) 
security problem, next to virus incident (49%), and well 
above outsiders (29%) (Richardson, 2008). Therefore, the 
objective of this study is to identify the moderating impact 
of national culture on the influence of information formal 
sanctions (security countermeasures), perceived benefits, 
moral beliefs, and shame on employees’ intention to 
violate ISSP. This valuable output allows information 
security personnel and managers to make better decisions 
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on ‘how to develop and implement ISSP that best fit one’s 
(Ethiopian) culture?’.

Research Questions

The major purpose of this study was to examine whether 
cultural differences moderate the influence of formal 
sanctions (security countermeasures), perceived benefits, 
moral beliefs, and shame on employees’ intention to violate 
ISSP. In addition to this, we investigated the influence of 
formal sanctions (security countermeasures), perceived 
benefits, moral beliefs, and shame on employees’ ISSP 
violation. Thus, the following research questions guided 
this research:
RQ1: What is the influence of security countermeasures 

(formal sanctions), perceived benefits, moral be-
liefs, and shame on employees’ intention to violate 
their organisational ISSP?

RQ2: What is the moderating impact of national culture 
on the influence of security countermeasures (for-

mal sanctions), perceived benefits, moral beliefs, 
and shame on employees’ intention to violate their 
organisational ISSP?

Hypotheses

To answer the research questions mentioned above, we 
formulated several hypotheses. Even though there are five 
national cultural dimensions according to the Hofstede 
(1980) model of national culture, our cultural hypotheses 
addressed only four of them, namely power distance, 
uncertainty avoidance, individualism/collectivism, and 
masculinity/femininity. This decision was based on the 
fact that Ethiopia does not have a score for the long-term 
orientation dimension in Hofstede’s study. In addition to 
the cultural dimensions, we include four RCT (rational 
choice theory) constructs, namely formal sanctions, 
perceived benefits, moral beliefs, and shame. As can 
be seen from the research model (Fig. 1) there are 11 
hypotheses.
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Fig. 1:  The Research Model

H1: There is a negative association between formal sanc-
tions and employees’ intention to violate ISSP.

H2: There is a negative association between moral beliefs 
and employees’ intention to violate ISSP.

H3: There is a negative association between shame and 
employees’ intention to violate ISSP.

H4: There is a positive association between perceived 
benefits and employees’ intention to violate ISSP.
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H5: The higher the degree of uncertainty avoidance, the 
weaker the impact of perceived benefits on employ-
ees’ intention to violate ISSP.

H6: The higher the degree of masculinity, the stronger the 
impact of perceived benefits on employees’ inten-
tion to violate ISSP.

H7: The higher the degree of collectivism, the stronger 
the impact of perceived benefits on employees’ in-
tention to violate ISSP.

H8: The higher the degree of collectivism, the stronger 
the impact of shame on employees’ intention to vio-
late ISSP.

H9: The higher the degree of power distance, the stronger 
the impact of perceived benefits on employees’ in-
tention to violate ISSP.

H10: The higher the degree of power distance, the weaker 
the impact of formal sanctions on employees’ inten-
tion to violate ISSP.

H11: The higher the degree of power distance, the weaker 
the impact of moral beliefs on employees’ intention 
to violate ISSP.

Methods and Materials

Since researchers are expected to clearly formulate 
their research methodology in advance, we illustrate 
the research’s underlying philosophies, epistemology, 
ontology, and method (see Fig. 2). Ontology focuses on 
the question of what is taken as real and how to know 
whether something is real (Orlikowski & Baroudi, 1991; 
Guba & Lincoln, 2005; Merterns, 2007). The underlying 
ontology used here lies in the positivist paradigm. The 
choice for the positivist paradigm was done because the 
purpose of the current research was to develop and validate 
an empirical model consisting of testable hypotheses to 
evaluate the effect of national culture and other important 
variables on employees’ intention to violate ISSP. 
Orlikowski and Baroudi (1991) classified IS research as 
positivist when there is evidence of formal propositions, 
quantifiable measures of variables, hypothesis testing, 
and the drawing of inferences about a phenomenon from 
the sample to a stated population.

The epistemological assumptions are concerned with the 
nature of knowledge and how it can be obtained. Crotty 
(1998) distinguishes between three epistemological 
positions: objectivism, constructivism, and subjectivism. 

Our research epistemological view is objectivism. In the 
objectivism view, knowledge exists out there whether we 
are conscious of it or not. Researchers with the objectivism 
position always try to look for causes and effects and 
explanations. They rely upon experimental, quasi-
experimental, and survey methods. When we come to the 
research approach, we used a quantitative method. The 
rationale for adopting a quantitative approach was because 
it has the ability to produce objective, quantifiable, and 
reliable data that are usually generalisable to some larger 
population. Whenever the purpose of a study is hypothesis 
testing using statistical methods and generalisation to a 
larger population from the sample based on numerical 
data, quantitative survey research is the preferred option 
(Creswell, 2009).
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Fig. 2:  The Research’s Underlying Philosophies, 
Epistemology, Ontology, and Method

The research utilised questionnaire-based data-gathering 
techniques to collect the data needed to investigate and 
test the research hypotheses. Surveys are widely accepted 
and used in the IS field for empirical research; specifically, 
quantitative researchers frequently use data from surveys 
(Linda & Thomas, 2008). The sample survey methodology 
also leads to greater generalisability of the results, when 
compared to other research methods (McGrath, 1981). We 
used Hofstede’s model of cultural dimensions because it 
has been rigorously validated in previous cross-cultural 
studies over time and in many of countries (Sondergaard, 
1994). We used SEM-based statistical analysis to evaluate 
the relationship among the national cultural dimensions, 
RCT constructs, and employees’ intention to violate ISSP. 
When we come to the population and sampling procedure, 
according to Singleton and Straits (2005), sampling has 
to be executed in two separate steps: the first step is to 
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select the population we were interested in so that we are 
in a better position to select some representatives. Most of 
the time, experienced researchers try to come up with a 
concise picture of their population before proceeding with 
the selection of sample, thus starting from the top at the 
population and working down to the sample (Bailey, 1982). 
In our research, the population includes organisations 
located in different parts of Ethiopia (i.e., Addis Ababa, 
Mekele, Bahir Dar, Adama, Diredaw & Hawassa), which 
have an established ISSP. In each company, individuals 
were selected randomly. We believe that there is a 
possibility of the threat of common method bias (CMB), 
which can occur, among other causes, when the dependent 
and independent variables are collected at the same time in 
the same survey instrument (Podsakoff et al., 2003).

Researchers have checked whether the sample size was 
likely to be sufficient prior to actually conducting the 
study. This is because small sample sizes can result in 
non-convergence and improper solutions (Anderson 
& Gerbing, 1984; Fornell & Larcker, 1981). Anderson 
and Gerbing (1984) suggest that a sample size of 150 or 
more will be needed to obtain parameter estimates that 
have standard errors small enough to be of practical 
use. Researchers used previously validated instruments 
wherever possible, being careful not to make significant 
alterations in the validated instrument without revalidating 
instrument content, constructs, and reliability (Boudreau 
et al., 2001). Thus, in our research, we used previously 

validated instruments. Statistical Package for the Social 
Sciences with Amos (SPSS Amos) software was used to 
run different types of statistical analysis.

The Full CFA Measurement Model

Now we proceed to the final stage of constructing the 
measurement model: bringing together all the individual 
theoretical constructs so that we can assess the validity 
of the full CFA measurement model. In this regard, the 
convergent validity of the full measurement model was 
evaluated based on the goodness-of-fit statistics, while 
the discriminant validity of the theoretical construct 
was assessed by comparing the AVE value of every 
construct with the squared inter-construct correlation 
of that factor (Hair et al., 2010). According to Hair et 
al. (2010), discriminant validity is exhibited if the AVE 
value is consistently higher than the squared inter-factor 
correlation. By using these techniques, we assessed the 
discriminant validity of every construct shown in the 
full measurement model. The full measurement model 
consists of eight constructs and 33 items. In addition 
to this, we present all the necessary goodness-of-fit 
statistics of the full measurement model, while Table 1 
shows the result of the discriminant validity. All the CR 
values were within the acceptable range and all AVE 
values consistently higher than the squared inter-factor 
correlation. Hence, discriminant validity was supported.

Table 1:  Construct Correlation Matrix for the Main Survey
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Table 2:  The Goodness-of-Fit Statistics of the Full Measurement Model for the Main Survey

Absolute Fit Index Incremental Fit Index Parsimony Fit Index
X2(P-value)
DF
X2/DF
RMSEA
RMR
SRMR
GFI
AGFI

874.14 (.14)
467
1.87
.065
.025
.05
.91
.80

CFI
IFI
TLI

.93

.93

.92

PCFI
PNFI

.81

.74
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Final Reliability

In this section, we conduct an internal consistency check 
for each construct by using the data collected from the main 
survey. Before constructing the final structural model, 
researchers are expected to make sure that they already 
conducted the instrument reliability test (Straub et al., 
2004). Reliability measures how consistently instrument 
items measure a construct of interest. In this regard, we 
use a type of reliability test called internal consistency. 
Accordingly, the Cronbach’s α is used to test the construct 
reliability of every construct and Table 3 shows the result. 
According to Hair et al. (2010), a Cronbach’s α of .7 or 
more is the most commonly accepted threshold. As can 
be seen from Table 3, all the values are greater than the 
minimum value, and hence, the internal consistency of 
instruments or construct reliability is satisfied.

Table 3:  Instrument Reliability

Constructs No. of Items Cronbach’s α Value
Power Distance 4 .90
Uncertainty Avoidance 4 .83
Collectivism 4 .87
Masculinity 4 .84
Perceived Benefits 4 .87
Moral Beliefs 3 .91
Shame 4 .91
Formal Sanction 6 .89

Results and Discussion

Once the validity and reliability of the measurement 
model are checked, the next step is to test the structural 
model. Hence, in this section, we focus on assessing 
the structural model, which is testing the relationship 
between the theoretical constructs shown in the research 
model. We use the structural equation modelling (SEM) 
methodology for representing, estimating, and testing 
the network of relationships between the theoretical 
constructs. In addition, we present and discuss the main 
findings of the research against the research questions 
shown in the second chapter. The main research question 
(from the second chapter) this study raised is “to what 
extent, if any, does cultural difference moderate the 
influence of security countermeasures (formal sanction), 

perceived benefit, moral beliefs, and shame on employees’ 
intention to violate ISSP?” Thus, in the upcoming sections 
we discuss the following topics in detail: in section 1.9.4 
we present the final result of the structural model validity, 
hypothesis testing and we discuss the findings of the 
research.

Assessment of the Structural Model Validity 
and Hypothesis Testing

Unlike the traditional statistical methods, which are 
mainly dependent on a single statistical test, SEM 
relies on many statistical tests to investigate how well a 
proposed theoretical model fits the reality or the collected 
data (Suhr, 2006). Thus, to evaluate the validity of the 
structural model, we use different types of statistical tests 
available in SEM. As clearly shown in the process of 
constructing the full measurement model, we depict how 
well each of the theoretical constructs relate or correlate 
with each other. However, the correlation shown in the 
full measurement model is a simple correlation and it does 
not provide other important statistical information about 
the nature of the relationship between the theoretical 
constructs. In this regard, a measurement model could 
only be taken as a first step towards constructing the 
structural model (Hair et al., 2006). Since we have 
already finalised the construction and testing of the  
measurement model, our next job is to construct 
and test the structural model. According to Byrne 
(2001), the structural model depicts which construct 
directly or indirectly influences the value of the other 
constructs in the research model.

To test the structural model validity, reliability, and 
acceptability, researchers usually go through the 
following activities (Kassahun, 2012): (1) analysing 
the goodness-of-fit statistics (see previous chapter 
Table 2); (2) evaluating the R-squared coefficient of 
determination and according to Chin (1998), a value 
of .5 or above is considered very good; (3) evaluating 
the magnitude level, significance (based on the 
P-value), and direction of the estimated structural 
values – Hair et al. (2006) state that the significance 
level of a parameter estimate should be less than .05. 
Fig. 4 shows the theoretical structural model of the 
research.
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Fig. 4:  The Full Structural Model

We evaluate the structural model against those three 
criteria. Table 4 shows the goodness-of-fit for the whole 
structural model.

Table 4:  The Goodness-of-Fit Statistics for the 
Structural Model

Absolute Fit Index Incremental Fit 
Index

Parsimony Fit 
Index

X2(P-value)
DF
X2/DF
RMSEA
RMR
SRMR
GFI
AGFI

292.2 
(.23)
75
3.9
.08
.04
.06
.91
.82

CFI
IFI
TLI

.93

.94

.92

PCFI
PNFI

.67

.66

As can be seen from the goodness-of-fit statistics in Table 
4, all the values satisfy the criteria for a good model. The 
chi-square value of 292.2 (at P > .05), with 72 degrees of 
freedom indicates a good fit. With respect to the absolute 
fit index, all the statistics meet the minimum requirements 
(GFI > .90, AGFI > .80, RMR & SRMR < .09, and 
RMSEA < .08/.1), and the incremental fit index statistics 
(IFI, TLI, and CFI) have values greater than or equal to 
.92, while the parsimonious fit indices (PCFI and PNFI) 
score above .05. Thus, all the selected statistics indicate 
the existence of best fit between the structural model and 
the collected data.

Following the goodness-of-fit test, we proceed with 
the next statistical test, which is the assessment of the 
coefficient of multiple determination (R-squared). Thus, 
we assessed the proportion of variance in the dependent 
variable, which is employees’ intention to violate ISSP, 
accounted for by the model. Fig. 4 shows that 92% of 
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the variance in employees’ intention to violate ISSP is 
explained by the model, and according to Chin (1998), 
R-squared value of .5 or above is considered to be 
very good. The last statistical test conducted to further 

strengthen the validity of the structural model is to 
evaluate the standardised factor loadings, the direction 
of the relationships, and the level of significance. To this 
end, Fig. 5 and Table 5 show these statistics.

16 

 

 
Notes: N.S. = non-significant; ***p-value < 0.001; **p-value < 0.01; *p-value < 0.05. 

 

Fig. 5: The Final Path Diagram for the Research Model 

 
Table 5: The Result from the Final Structural Diagram 

Path Hypothesis Standardised 
Estimate S.E. C.R. P 

Intention_to_Violate_ISSP  Formal_Sanction H1 −0.107 0.065 −2.80
8 0.005 

Intention_to_Violate_ISSP  Moral Beliefs H2 −0.352 0.054 −7.51
3 *** 

Intention_to_Violate_ISSP  Shame H3 −0.149 0.054 −2.52
9 0.011 

Intention_to_Violate_ISSP  Perceived Benefit H4 0.349 0.063 8.789 *** 

Intention_to_Violate_ISSP  
Perceivedbenefits_X_UncertaintyAvoidance H5 −0.061 0.023 −2.50

1 0.012 

Intention_to_Violate_ISSP  
Perceivedbenefits_X_Masculinity H6 0.063 0.021 2.573 0.01 
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6 0.049 

           Notes: N.S. = non-significant; ***p-value < 0.001; **p-value < 0.01; *p-value < 0.05.

Fig. 5:  The Final Path Diagram for the Research Model

Table 5:  The Result from the Final Structural Diagram

Path Hypothesis Standardised 
Estimate

S.E. C.R. P

Intention_to_Violate_ISSP  Formal_Sanction H1 −0.107 0.065 −2.808 0.005

Intention_to_Violate_ISSP  Moral Beliefs H2 −0.352 0.054 −7.513 ***

Intention_to_Violate_ISSP  Shame H3 −0.149 0.054 −2.529 0.011

Intention_to_Violate_ISSP  Perceived Benefit H4 0.349 0.063 8.789 ***

Intention_to_Violate_ISSP  Perceivedbenefits_X_UncertaintyAvoidance H5 −0.061 0.023 −2.501 0.012

Intention_to_Violate_ISSP  Perceivedbenefits_X_Masculinity H6 0.063 0.021 2.573 0.01

Intention_to_Violate_ISSP  Perceivedbenefits_X_Collectivism H7 −0.016 0.026 0.553 0.58

Intention_to_Violate_ISSP  Shame_X_Collectivism H8 −0.112 0.027 −4.176 ***

Intention_to_Violate_ISSP  Perceivedbenefits_X_Powerdistance H9 −0.055 0.028 −1.986 0.049

Intention_to_Violate_ISSP  Formalsanction_X_Power distance H10 −0.354 0.036 −7.303 ***

Intention_to_Violate_ISSP  Moral beliefs_X_Power distance H11 0.106 0.035 2.265 0.024

The entire stated hypotheses, except three, are found to be 
significant at least at 95% confidence interval, and hence, 
they are accepted. More specifically, hypothesis 7 failed 

to be significant, while hypotheses 9 and 10 were found 
to be significant, but in the opposite direction to what was 
stated in the research.
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Discussion

In this section, we discuss the result of each hypothesis. 
As indicated in the first chapter, the main purpose of this 
study is to examine the moderating influence of national 
culture on the impact of security countermeasures (formal 
sanctions), perceived benefits, moral beliefs, and shame 
on employees’ intention to violate ISSP. By using a 
sample of data collected from medium- and large-sized 
organisations in Ethiopia, we found strong evidence on 
the considerable influence of national culture dimensions 
in strengthening or weakening the relationship between 
ISS countermeasures and other important variables, as 
depicted by RCT, and employees’ intention to violate 
ISSP. Thus, in the following paragraphs, we highlight the 
main findings of the study.

As can be understood from the result of the first 
hypothesis, formal sanction is found to have a negative 
influence on employees’ intention to violate ISSP. This 
means when organisations use deterrence mechanisms, in 
the form of formal rules and policies, it is more likely 
to be associated with reduced employees’ intention of 
violating their organisation’s ISSP. As indicated in the IS 
literature, there exists inconsistent findings concerning the 
impact of formal sanctions on reducing computer abuse 
or IS misuse (D’Arcy & Herath, 2011). The results of our 
study are consistent with many research outputs in the 
area of criminology (e.g. Paternoster & Simpson, 1996; 
Pratt et al., 2006) and, more importantly, in the ISS area. 
For example, previous studies report the ability of formal 
sanctions to reduce IS misuse intention (D’Arcy et al., 
2007), unauthorised access intention (D’Arcy & Hovav, 
2009), ISSP non-compliance (Siponen et al., 2007), and 
computer abuse incidents (Straub, 1990; Kankanhalli, 
2003). In our review of the IS literature, we could not find 
any empirical studies that explore this relationship in the 
context of developing economies.

Second, moral belief is found to have a strong negative 
impact on employees’ intention to violate their 
organisation’s ISSP. This means as employees have 
strong moral beliefs or commitment, they will intend 
not to violate their organisation’s ISSP. This finding is 
not only consistent with the basic principle of rational 
choice theory (Becker, 1968), but also with criminology 
studies, which report that people with low moral beliefs 
or personal norms are more inclined to engage in deviant 

behaviour like corporate crime (Paternoster & Simpson, 
1996) and tax evasion (Wenzel, 2004). Further, research 
outputs in psychology (e.g. Blasi, 1980; King & Mayhew, 
2002; Rest, 1986 as cited in Myyry et al., 2009) also report 
that good moral reasoning helps people develop desirable 
behaviour. More importantly, in the area of ISS, personal 
norms (Li et al., 2010) and moral beliefs (Siponen & 
Vance, 2012) are reported as having a positive impact on 
employees’ compliance intention to Internet use policy 
and a negative impact on intentional violation of ISSP, 
respectively.

Third, shame is found to have a strong negative effect on 
employees’ intention to violate their organisation’s ISSP. 
This result indicates that as employees feel that violating 
ISSP is a shameful activity, they will distance themselves 
from such acts. When we compare our findings against 
previous studies, it is consistent with studies in the 
criminology literature (e.g. Grasmick & Bursik, 1990; 
Nagin & Paternoster, 1993; Tibbetts, 1997). However, 
when we come to ISS literature, we can only find a 
single empirical study by Siponen and Vance (2010) that 
investigates the impact of shame as a deterrent construct, 
and in that same study, they report the inability of shame to 
reduce employees’ non-compliance to their organisation’s 
ISSP. A plausible reason for the contradiction of our 
findings with Siponen & Vance (2010) may be due to the 
difference in the cultural makeup of the sample respondent 
in the two studies. In this respect, our sample is taken 
from a more collective society where violating norms 
leads to a feeling of shame, while the sample for the study 
conducted by Siponen and Vance (2010) were taken from 
an individualistic society (Finland) where breaking norms 
resulted in feelings of guilt, not shame (Hofstede, 1980).

Fourth, perceived benefit is found to be an excellent 
predictor of employees’ violation of ISSP. This 
means when employees perceive that violating their 
organisation’s ISSP helps them achieve some sort of 
benefits, they will most probably engage in violating those 
rules. This finding is similar to what the RCT states: when 
people make choices, they analyse the outcome of each 
of the alternatives and choose the one that is perceived 
to bring more satisfaction/perceived benefits (McCarthy, 
2002). Moreover, the finding is consistent with empirical 
studies in ISS literature: Vance and Siponen (2012) report 
the significant positive impact of perceived benefits 
on employees’ intention to violate ISSP, while Li et al. 
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(2010) report a significant negative influence of perceived 
benefits on employees’ compliance intention to Internet 
use policy.

Hypothesis 5 proposes that the higher the degree of 
uncertainty avoidance, the weaker the impact of perceived 
benefits on employees’ intention to violate ISSP; as can 
be seen from Fig. 5, this hypothesis is supported. This 
means that, even though the perceived benefits of non- 
compliance initiate employees to violate their 
organisation’s ISSP, the strength of this relationship is 
weaker for high uncertainty avoidance employees than 
their low uncertainty avoidance counterparts. In this regard, 
researches in the area of sociology (e.g. Hofstede, 2003, 
2011) found that people who score high in uncertainty 
avoidance give primary emphasis for the enforcement of 
rules and regulations, than their low uncertainty avoidance 
counterparts. If we bring this same scenario to ISS, we 
may be inclined to say that low uncertainty avoidance 
employees may violate their organisation’s ISSP more 
often than their high uncertainty avoidance counterparts, 
as long as there are perceived benefits of violating the 
policies. In the ISS literature, this result is consistent with 
those of Timo (2009), who reported that low degree of 
uncertainty avoidance might lead to ISS problems. To 
the best of our knowledge, our study is the first empirical 
study to research the moderating influence of uncertainty 
avoidance in the relationship between perceived benefits 
and employees’ intention to violate ISSP.

When we come to the sixth hypothesis, it proposes that 
the higher the degree of masculinity, the stronger the 
impact of perceived benefits on employees’ intention 
to violate ISSP; this is supported. The finding of this 
research is consistent with conceptual cultural studies 
in the field of sociology. Hofstede (2001) states that for 
people in highly masculine society, the world is “unjust”, 
and if any activity helps them achieve wealth then they 
will struggle to get it done in any way they can. On the 
other hand, a financial reporting study by Doupnik and 
Tsakumis (2004) has found that as masculinity increases 
people show a tendency to disclose their organisation’s 
secret financial information to outsiders in response to 
some benefits. Our finding is also consistent with findings 
in the area of ISS. For example, Timo (2009) found that 
higher masculinity is most often associated with ISS 
problems. While the role of masculinity has been studied 
in different disciplines, to the best of our knowledge, there 

is no single study in the area of ISS that investigates the 
moderating influence of masculinity in the relationship 
between perceived benefits and employees’ intention to 
violate their organisation’s ISSP.

The seventh hypothesis claims that the higher the degree of 
collectivism, the stronger the impact of perceived benefits 
on employees’ intention to violate ISSP. Unfortunately, 
this hypothesis is not supported. Even though this result 
is consistent with the findings of some studies that are 
conducted in various disciplines, the literature indicates 
that many of the findings related to collectivism have got 
mixed support. In this regard, Husted (2000) found that the 
rate at which individualistic societies engage in software 
piracy is higher than for the less individualistic societies. 
Contrary to this, Timo (2009), in the area of ISS, Tan et al. 
(2003), in the area of IS development projects, and Leidner 
and Kayworth (2006), in the aviation industry, reported 
that for the perceived benefit of being in harmony with 
friends and colleagues, peoples in collective society tend 
not to report their group’s wrongdoings. From this we may 
infer that, for the perceived benefit of being in harmony 
with friends and colleagues, employees in a collective 
society may not expose their friends for violating rules, 
and this may initiate employees to engage in violating 
their organisation’s policies themselves. However, in our 
study, the perceived benefits of violating organisation’s 
ISSP are measured in terms of saving employees personal 
and work time, and it has very little, if any, relationship 
with the perceived benefit of being in harmony with 
friends. And hence, in such a scenario, as the perceived 
benefit of saving time increases, employees in a more 
collective society may not violate their organisation’s 
ISSP more often than employees in less collective 
societies do. This is because people in an individualistic 
society are more inclined to show a self-centred character 
(Hofstede, 2011). This fact might initiate them to override 
their organisation’s rules in exchange for the perceived 
benefit of saving time.

The eighth hypothesis proposes that the higher the degree 
of collectivism, the stronger the impact of shame on 
employees’ intention to violate ISSP; this is supported 
by the collected data. In part, this finding is substantiated 
by Hofstede’s (2011) cultural theory, which states that if 
people bypass rules in collective societies, then they feel 
ashamed, while the same action leads to a feeling of guilt 
in an individualistic society. If we bring this same reality 
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into ISS, we are inclined to say that shame decreases 
employees’ intention to violate their organisation’s ISSP 
and the strength of this relationship will get stronger and 
stronger for more collective societies than less collective 
societies.

In the ninth hypothesis, we propose that the higher the 
degree of power distance, the stronger the impact of 
perceived benefits on employees’ intention to violate 
ISSP. This hypothesis is found to be significant, but in 
the opposite direction to what is being hypothesised, and 
hence, it is not supported by the collected data. Previous 
researches in the area of corruption (Husted, 1999) and 
tax evasion (Tsakumis, 2007) highlighted that as people 
in high power distance societies perceive that there exists 
financial benefits for violating rules, they will engage 
in such activities more often than low power distance 
societies. Unlike the above two researches, in our study 
the perceived benefit of violating ISSP is not monetary 
value, but time, and this may in part influence the finding 
of our study, because saving time is different from getting 
money and the two societies may give different levels 
of importance for these perceived benefits. The result of 
this research implies that as perceived benefits of saving 
time increase, employees’ intention of violating their 
organisation’s ISSP also increases, and this relationship 
is stronger for low power distance than high power 
distance employees. To the best of our knowledge, this is 
the first study to empirically investigate the moderating 
impact of power distance between perceived benefits and 
employees’ intention to violate their organisation’s ISSP.

In the tenth hypothesis, we propose that the higher the 
degree of power distance, the weaker the impact of formal 
sanctions on employees’ intention to violate ISSP. The 
result is found to be significant in the opposite direction 
from what has been proposed. Even though this result is 
consistent with some studies, the outputs from different 
researches show mixed support. In this regard, Husted 
(1999), in the area of corruption, Tsakumis (2007), in the 
area of tax evasion, and D’Arcy et al. (2007), in the area 
of ISS, found that in high power distance societies, people 
break formal rules and procedures more often than people 
in low power distance societies. On the other hand, in an 
empirical work by Dols and Silvius (2010), it is reported 
that employees in high power distance society are found to 
be more obedient than low power distance people, to their 
organisation’s rules, given that they are ordered by their 

boss. In another study by Ifinedo (2009), in the area of IT 
security management, it is reported that a government-
driven security regulation is more successful in high power 
distance society than in low power distance. Moreover, 
according to Hofstede (2001), the way bosses behave 
or act can play a critical role in creating compliance to 
rules in high power distance society. In this regard, what 
may be implicit in the mind of our sample respondents is 
that they feel they are expected/ordered by their boss to 
comply with their organisation’s ISSP.

In the last hypothesis, we proposed that the higher the 
degree of power distance, the weaker the impact of 
moral beliefs on employees’ intention to violate ISSP. 
This hypothesis is supported. This finding is consistent 
with conceptual works in different disciplines. In this 
regard, in low power distance societies, there exists a 
participatory management style (Moore, 2003) and it is 
a good predictor of organisational citizenship behaviour 
(OCB), which interns associated with a higher degree of 
compliance with rules, by creating an environment where 
every individual feels a sense of belonging and is morally 
more tied up to the wellbeing of their company (Organ & 
Konovsky, 1998). This means as employees’ moral beliefs 
increase, their intention to violate their organisation’s 
ISSP decreases, and this relationship is stronger for lower 
power distance employees than their higher power distance 
counterparts. This idea is partly strengthened by Peterson 
et al. (2001), who state that, even though the degree of 
influence varies, both individual’s supervisors and people 
at home do have an influence on an individual’s decisions 
concerning ethical dilemmas like non-compliance with 
organisation’s rules (Peterson et al., 2001).

Finally, the effect of the four control variables (age, gender, 
CSSE, and realism) on employees’ intention to violate 
their organisation’s ISSP was also examined and one of 
them is found to be significant. The reason to include 
these variables as a control variable is because the data 
was collected from different organisations that are located 
in different parts of Ethiopia. More specifically, CSSE is 
included as a control variable because the respondents 
might have a different level of CSSE, while realism is 
included because each respondent is given a randomly 
selected scenario (from three scenarios), and we need to 
investigate if the response of the employees significantly 
vary based on their assumption of how realistic the given 
scenario is. In this regard, we found that employees’ CSSE 
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has a considerable positive influence on their intention 
to violate their organisation’s ISSP, while the remaining 
variables (age, gender, and realism) are found to have an 
insignificant influence.

Conclusion

As clearly discussed in this paper, even though there exist 
a number of ISS standards around the world, protecting 
the ISS becomes a moving target for most organisations. 
To shed light on this problem (i.e., non-compliance), 
researchers in the area of ISS have been conducting a 
number of studies by using different theoretical lenses 
(e.g. GDT, PMT, RCT); based on their findings, they 
reported on factors that might have a significant influence 
on improving employees’ information security behaviour. 
Almost all of these attempts are focused in the western 
context and what is implicit in most of these studies is 
that factors that work in one country will also work in 
another country. Contrary to this, there exist few studies 
that indicate how country-dependent factors like national 
culture affect the findings of such studies. Hence, there 
is an increasing call for researchers around the world to 
embark on exploring the impact of national culture on 
employees’ information security behaviour. Thus, our 
study could be taken as an attempt to respond to this timely 
and critical call for research. In this respect, this study 
empirically investigated how constructs of rational choice 
theory (formal sanction, shame, perceived benefits, and 
moral beliefs) influence employees’ intention to violate 
their organisation’s ISSP. In addition to this, the study has 
also empirically tested the direct moderating influence of 
national culture dimensions (power distance, uncertainty 
avoidance, masculine/feminine, and collectivism/
individualism) between rational choice theory constructs 
and employees’ intention to violate their organisation’s 
ISSP. Our proposed empirical model is sufficiently 
supported by the collected data. In this regard, we got a 
very important empirical evidence on factors that inhibit 
and also initiate employees to violate their organisation’s 
ISSP. Moreover, the findings show strong evidence on 
the influence of contextual factors and national culture 
on employees’ information security behaviour, and 
consequently, highlights the importance of taking some 
level of precaution when organisations introduce new 
policies or standards that are copied from abroad. Policy 
makers and ISS managers in Ethiopia, particularly at 

INSA, can learn how important it will be to modify or 
adapt their ISSP, which was copied from ISO 27002, 
based on the findings of this study.

In addition to the practical implications of our findings, 
we also highlighted the contribution of our study to 
research and theory. Based on the limitations of the study, 
we recommend suggestions for future researchers in the 
area of ISS, to further enrich the existing knowledge 
around factors affecting employees’ information security 
behaviour.

Limitations of the study

Just like most empirical researches, this study has got its 
own limitations. These limitations are discussed below.

The first limitation of this study is the use of only four of 
the national culture dimensions, namely power distance, 
uncertainty avoidance, collectivism, and masculinity. The 
main reason to exclude long-term orientation is due to the 
fact that Ethiopia does not have a score for this dimension 
of Hofstede’s (1980, 2001) work. Since our research 
includes a majority of the national culture dimensions, we 
believe that the absence of one dimension does not have a 
considerable influence on the research findings.

The second limitation of this study is the use of 
companies that only have established ISSP. Particularly, 
each organisation was included in the sample after the 
ISS officers of the organisations were asked if they 
have a well-documented and communicated ISSP; we 
left out organisations that do not have ISSP. This might 
raise a question on the representativeness of the selected 
organisations. However, this study could not be realised 
by including employees who do not work under any ISSP. 
Moreover, previous studies in the area of ISS also use the 
same procedures (e.g. Li et al., 2010; Vance & Siponen, 
2012).

The third limitation of this study might be the lack of a 
measure of the actual behaviour of employees, and hence, 
the use of intention as the dependent variable might raise 
the question “Whether intention indicates the actual 
behaviour of employees?” Many researchers argue in 
favour of using intention as the valuable approximation 
that provides a good explanation for behaviour. The 
psychological theory of planned behaviour suggests that 
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people frequently behave as they predict (Ajzen, 1991). 
In this respect, researchers such as Paternoster & Simpson 
(1996), Wenzel (2004), Pahnila et al. (2007), and Siponen 
and Vance (2010) use intention as a proxy to actual 
behaviour in their study to predict employees’ behaviour 
in the workplace.

Fourth, due to the sensitive nature of the topic, respondents 
might intend to provide socially desirable responses to the 
questions instead of what is prevailing. This may result 
in relationships between variables in the research model 
which are against the literature. To reduce this limitation, 
we use a scenario method. According to Harrington 
(1996), since the scenario describes others’ behaviour in 
hypothetical cases, respondents will not be intimidated to 
report their real intentions to agree or disagree with what 
the scenario illustrates.

Fifth, in addition to the above limitations, since national 
culture is found to have a significant influence in IS 
studies (Leidner & Kayworth, 2006), it is important to 
note that the result of this study may not be applicable to 
countries outside Ethiopia.

In spite of these limitations, the study has managed to 
provide very important and timely insight into the problem 
of employees’ violation of their organisational ISSP and 
how national culture influences employees’ compliance 
behaviour towards ISSP. In this regard, we do believe that 
this study adds to the growing body of knowledge in the 
area of ISS and it has met its objective.

Recommendation for Future Studies

In this research, the survey method was used to 
investigate the moderating influence of national culture 
between rational choice theory constructs and employees’ 
intentions to violate their organisational ISSP. Although 
this study answers the research questions stated in the 
first chapter, there are other issues that need further 
investigation by future researchers in the field of ISS.

First, this study used a quantitative research method, 
and we encourage future researchers to complement the 
survey method with interviews so that the results can be 
further explained and triangulated.

Second, researchers can repeat this same study in different 
countries, so that they can test the generalisability of the 

findings of this study across different countries with a 
similar national culture profile. As can be understood from 
the literature, researches in the area of ISS use Hofstede’s 
(1980) cultural values without measuring culture at the 
individual level, and their output shows inconclusive 
findings concerning the impact of national culture 
dimensions across different countries with a similar 
cultural makeup. Thus, we advise future researchers to 
conduct similar studies in the context of a developing 
country (a country with similar cultural makeup as 
Ethiopia) and see if the findings are generalisable in the 
context of developing countries with a similar cultural 
profile. Moreover, since ISSP is a new and sensitive area 
of research in developing countries, repeating this same 
study will help secure matured knowledge of ISSP and 
national culture in the context of a developing country.

Third, further studies are needed to investigate the 
moderating influence of the collectivism cultural 
dimension between perceived benefits and intention to 
violate organisational ISSP. Contrary to our expectations, 
collectivism is found to dampen the positive relationship 
between the perceived benefits and intention to violate 
organisational ISSP. Different research outputs in 
IS reported that for the perceived benefit of being in 
harmony with friends, employees in a collective society 
may not expose their friends for violating the organisation 
rules, and this may initiate employees to engage in 
violating organisational policies on their own. In this 
regard, we do believe that the instrument used to measure 
perceived benefits needs further research. In our study, 
the instruments that are used to measure the perceived 
benefit of non-compliance are mainly confined to saving 
personal and work time. Thus, we encourage researchers 
to use a new instrument to find out if the sense of being in 
harmony with friends overrides employees’ intention to 
follow their organisational ISSP.

Fourth, it could be a very good research avenue if future 
researchers investigate the impact of constructs that are not 
included in this study (e.g. informal sanctions and long-
term orientation) on employees’ ISSP violation intention. 
This will help enrich the knowledge around factors that 
contribute to the successfulness of organisational ISSP.

Fifth and finally, even though the theory of reasoned action 
states that behavioural intention predicts actual behaviour 
(Ajzen, 1975), future studies could be conducted by 
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using the actual compliance behaviour as the dependent 
variable. In this regard, the result obtained from reported 
compliance can be compared against the result obtained 
from monitoring employees in their workplace. Even 
though it is very difficult to objectively measure the actual 
compliance behaviour of employees, there exists some 
mechanism, like examining the activity log of employees 
on their computer or monitoring employees’ computer at 
the end of their work hour, to confirm if they obey some 
of the organisational security policies (e.g. lock their 
computer).
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APPENDICES

Appendix 1: Scenario and Instrumentation

Information Systems Security Survey

Section One
Please provide your level of agreement or disagreement with the following statements. (Please 

mark only one ‘X’ for each line in the labelled column.)
Strongly Disagree = 1; Disagree = 2; Neutral = 3; Agree = 4; Strongly Agree = 5

1 2 3 4 5

1 I would feel comfortable following most of my organisation’s information systems security policies on my 
own.

2 If I wanted to, I could easily follow my organisation’s information systems security policies on my own.
3 I would be able to follow most of my organisation’s information systems security policies even if there was 

no one around to help me.
4 People in higher organisational positions should make most decisions without consulting people in lower 

positions.
5 People in higher organisational positions should not ask the opinions of people in lower positions too 

frequently.
6 People in higher organisational positions should avoid social interaction with people in lower positions.
7 People in lower organisation positions should not disagree with decisions by people in higher positions.
8 People in higher organisational positions should not delegate important tasks to people in lower positions.
9 People should avoid making changes because things could get worse.
10 Change should be avoided when its outcomes are uncertain.
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11 It is better to work in an organisation with specific rules and regulations as opposed to a more flexible 
organisation.

12 I would prefer a bad situation that I know about to an uncertain situation which might be better.
13 Providing opportunities to be innovative is more important than requiring standardised work procedures.
14 It is important that people take initiative in their work rather than always following step-by-step instruc-

tions.
15 Individuals should sacrifice self-interest for the group.
16 Individuals should stick with the group even through difficulties.
17 Group welfare is more important than individual rewards.
18 Group success is more important than individual success.
19 Individuals should only pursue their goals after considering the welfare of the group.
20 Group loyalty should be encouraged even if individual goals suffer.
21 It is more important for men to have a professional career than it is for women.
22 Men usually solve problems with logical analysis; women usually solve problems with intuition.
23 Solving difficult problems usually requires an active, forcible approach, which is typical of men.
24 There are some jobs that a man can always do better than a woman.
25 Non-compliance with an organisation’s information systems security policies saves work time.
26 Non-compliance with an organisation’s information systems security policies saves employees’ time.

Section Two
Please Read the Following Scenario

Jack is working in a position that requires access to customers’ personal information. However, his company’s information 
security policy prohibits him from giving customers’ personal information to anyone, except the main office. Jack is expected 
to send some of the customers’ personal information to the main office but the Internet connection in his office is too slow to 

send the data. So Jack believes that asking his friend to send the customer information from his office with a convenient Internet 
connection could save a lot time and money for the company. He also knows that an employee was recently reprimanded (criti-

cised) for sending data through an unauthorised person. Jack gives the data to his friend to send to the main office.
Please provide your level of agreement or disagreement with the following statements. (Please mark 

only one ‘X’ for each line in the labelled column.)
Strongly Disagree = 1; Disagree = 2; Neutral = 3; Agree = 4; Strongly Agree = 5

1 2 3 4 5

27 I would do what Jack did in the scenario.
28 I feel that Jack acted wrongly by violating the company’s information systems security policy.
29 It is morally wrong to do what Jack did in the scenario.
30 It is morally wrong to violate company information systems security policies.
31 If I did what Jack did, I would save personal time.
32 If I did what Jack did, I would save work time.

Based on the above scenario, please rate how problematic the following statements are.  
(Please mark only one ‘X’ in the column.)

Not problematic = 1, Somewhat problematic = 2, Neutral = 3, Problematic = 4, Very problematic = 5
33 How much of a problem would it create in your life if you were sanctioned (punished) for doing what Jack 

did?
34 How much of a problem would it create in your life if you were formally reprimanded (criticised) for doing 

what Jack did?
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Section Three
Please rate the likelihood of the following statements. (Please mark only one ‘X’ in the column.)

Highly Unlikely = 1; Unlikely = 2; Neutral = 3; Likely = 4; Highly Likely = 5
1 2 3 4 5 

35 How likely is it that you would be ashamed if co-workers knew that you had violated company information 
security policy?

36 What is the likelihood that you would be formally reprimanded (criticised) if management learned you had 
violated the company’s information security policy?

37 What is the likelihood that you would be formally sanctioned if management learned you had violated the 
company’s information security policy?

38 What is the likelihood that you would receive sanctions if you violated the company’s information security 
policy?

Please rate how problematic the following statements are. (Please mark only one ‘X’ in the column.)
Not problematic = 1, Somewhat problematic = 2, Neutral = 3, Problematic = 4, Very problematic = 5

1 2 3 4 5

39 How problematic would it be if you felt ashamed that co-workers knew you had violated the company infor-
mation security policy?

40 How much of a problem would it be if you received severe sanctions if you violated the company informa-
tion security policy?

Please rate the likelihood of the following statement. (Please mark only one ‘X’ in the column.)
Highly Unlikely = 1; Unlikely = 2; Neutral = 3; Likely = 4; Highly Likely = 5

1 2 3 4 5

41 How likely is it that you would be ashamed if others knew that you had violated the company information 
security policy?

Please rate how problematic the following statement is.  (Please mark only one ‘X’ in the column)
Not problematic = 1, Somewhat problematic = 2, Neutral = 3, Problematic = 4, Very problematic = 5

1 2 3 4 5

42 How problematic would it be if you felt ashamed that others knew you had violated the company information 
security policy?

Please rate the likelihood of the following statement. (Please mark only one ‘X’ in the column.)
Highly Unlikely = 1; Unlikely = 2; Neutral = 3; Likely = 4; Highly Likely = 5

1 2 3 4 5

43 How likely is it that you would be ashamed if managers knew that you had violated the company information 
security policy?

Please rate how problematic the following statement is. (Please mark only one ‘X’ in the column.)
Not problematic = 1, Somewhat problematic = 2, Neutral = 3, Problematic = 4, Very problematic = 5

1 2 3 4 5

44 How problematic would it be if you felt ashamed that managers knew you had violated the company informa-
tion security policy?

Section Four
General Questions (for classification purposes only)
Please indicate your gender	 ___ Female	 ___ Male
How realistic is the given scenario?
___Non-realistic           _____Somewhat realistic           ____Realistic
What is your highest completed education certification?
___ High school certificate/diploma
___ Bachelor’s degree
___ Master’s degree
___ Doctoral degree
___ Others, please specify ________________________________________
What is your age?	 _______ years
Years of computer usage:
    ___ ≥ 10years	 ___ ≥ 5 years	 ___ ≥ 2 years	 ___< 2 year
What is your current employment status?
_______ Student              ____ Employee          _______ Retired         __________ Others
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Introduction
The significance of inflation to economic growth is 
contentious both in theory and empirical findings. 
Originating in the 1950s in the Latin American context, 
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Abstract

The significance, nature, and direction of the effect 
of inflation on economic growth and macroeconomic 
stability are contentious both in theory and empirical 
analysis. This paper examines the causal relationship 
between inflation and macroeconomic variables – 
interest rate, exchange rate, money supply, GDP, and 
fiscal deficit – in India, during the period 1986 to 2016, 
applying the vector correction (VECM) estimation 
method. The macro variables are stationary at first 
difference, and a cointegrating and causal relationship 
exists between the wholesale price index and interest 
rate, exchange rate, GDP, broad money, and gross 
fiscal deficit. The VECM estimates reveal that money 
supply and GDP are the most important macro 
variables in explaining the variations in inflation. The 
estimated error correction term shows that the short-
run disequilibrium is corrected by about 20% every 
period towards the long-run equilibrium. The impulse 
response results show that inflation responds positively 
to the money supply from the start to the 9th period. To 
promote economic growth and keep inflation low, money 
supply and budget deficits need to be rationalised. 

Keywords: GDP, Inflation, Interest Rate, Exchange 
Rate, Money Supply, Fiscal Deficit, VECM Estimation

the issue has soon become a sizzling structuralist vs. 
monetarist debate. The structuralists emphasise that 
inflation is essential for economic growth; however, 
for monetarists, inflation is detrimental to economic 
progress. At the heart of the controversy lies two aspects 
of this debate: the nature of the relationship if one exists 
and the direction of causality. Theoretical models on 
the relationship between money and growth analyse the  
impact of inflation on growth, focusing on the effects of 
inflation on the steady-state equilibrium of capital and 
output per capita. Classical economics emphasises the 
supply-side theories, while structuralists argue for the 
institutional features and the structure of the economy. 
Keynesian and Neo-Keynesian theories attach a significant 
role to the aggregate output, while the monetarist theory 
insists on the role of monetary growth in determining the 
rate of inflation. The open economy models subscribe to 
the internationalisation of inflation, in that, an increase in 
the money supply for an individual country leads to an 
increase in the world money stock, which then transmits to 
world prices. The open models include not only domestic 
factors, but also outside factors like exchange rate, and 
exports and imports of an economy as affecting the price 
stability of an economy.

Whatever be the theoretical basis of the inflation-
growth relationship, most economists recommend that 
macroeconomic stability, specially defined as a low rate 
of inflation, is positively related to economic growth, but 
the high rate of inflation imposes negative externalities 
on the economy when it interferes with the efficiency 
of the economy. For every economy around the world, 
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high economic growth and low inflation are the avowed 
objectives for macro stability. To maintain macroec-
onomic stability, it is necessary and sufficient to reduce 
the rate of inflation for price stability and achieve high 
economic growth.

The most important disturbing concern for a common 
man with regard to inflation is that it creates more burdens 
on the cost of living and makes life more miserable. For 
a businessman, inflation leads to uncertainty about the 
future profitability of investment projects, especially 
those that have a long gestation period. The increased 
price variability may lead to an increase in the cost of 
production and less profitability. Besides this, inflation 
may lead to uncertainty over competitiveness, as the 
export prices of that country may become relatively 
more expensive than the prices of the competitors, and 
thus, adversely affect the balance of payments. Inflation 

also undermines the confidence of domestic and foreign 
investors about the future course of monetary policy. In 
addition, inflation also affects the other determinants 
of economic growth, like investment in research and 
development (R&D).

Like many countries in the world, India focuses on sustaining 
high growth with low inflation. Fig. 1 presents the trends 
in the inflation rate and the important macro variables in 
India, over time. All macro variables except interest rate 
show upward trends implying a negative relationship 
between inflation and interest rate and a positive relation 
of inflation with other macro variables. The GDP and fiscal 
deficit show a fluctuating trend over the years. The WPI 
is rising with a falling interest rate, implying a negative 
relationship between interest rate and inflation. The sharp 
increase in the gross fiscal deficit since 2008-09 is due to 
the interest burden on government borrowings.
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Source: Statistical Handbook of RBI (2017-18) and World Development Indicators of World Bank (2018). 
 

Fig. 1 Trends in Inflation, Interest Rate, Exchange Rate, Money Supply, and Fiscal 
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Therefore, it is important to understand how inflation impacts the cost of living, which 

in turn affects the growth of the economy, and the relation of inflation with other 
macroeconomic variables in the Indian economy. Hence, this study attempts to examine the 
causal relationship between inflation and macroeconomic variables like interest rate, 
exchange rate, money supply, GDP, and fiscal deficit in India. The study period is from 1986 
to 2016, and the data are derived from the RBI and World Bank world development 
indicators. Empirically, the study employs the Vector Error Correction (VECM) method to 
examine the relationship between inflation and macroeconomic variables. 

Review of Literature 
Bruno and Easterly (1998) analyse the relationship between inflation and economic growth 
for 100 countries for the period 1960-1990 using the instrumental variable estimation 
method. The estimated effects of inflation on growth and investment are significantly 
negative in the long run. The study observes that there is not enough information in the low 
inflation context, to isolate precisely the effect of inflation on growth; however, this does not 
necessarily mean that this effect is small at low rates of inflation. The study proposes that 
about a 40% threshold inflation has a significant effect on growth. They find that growth falls 
sharply during discrete high inflation crises, then recovers rapidly and strongly after inflation 
falls. 

Bishnoi and Koirala (2006) try to identify the appropriate inflation model for Nepal, 
applying the robustness and stability criteria. Unit root tests are applied to investigate the 
validity of random walk of macro variables that determine inflation, and cointegration test to 
examine the long-run relationship between inflation and its determinants. The error correction 
estimates reveal the existence of both short- and long-run relationships in Nepal. The error 
correction model is stable and robust. 

 

0

50

100

150

200

250

WPI

GDP

m3

exchange rate

interest rate

gross fiscal deficit

	         Source: Statistical Handbook of RBI (2017-18) and World Development Indicators of World Bank (2018).

Fig. 1:  Trends in Inflation, Interest Rate, Exchange Rate, Money Supply, and Fiscal Deficit

Therefore, it is important to understand how inflation 
impacts the cost of living, which in turn affects the growth 
of the economy, and the relation of inflation with other 
macroeconomic variables in the Indian economy. Hence, 
this study attempts to examine the causal relationship 
between inflation and macroeconomic variables like 
interest rate, exchange rate, money supply, GDP, and 
fiscal deficit in India. The study period is from 1986 to 
2016, and the data are derived from the RBI and World 
Bank world development indicators. Empirically, the 
study employs the Vector Error Correction (VECM) 
method to examine the relationship between inflation and 
macroeconomic variables.

Review of Literature

Bruno and Easterly (1998) analyse the relationship 
between inflation and economic growth for 100 countries 
for the period 1960-1990 using the instrumental variable 
estimation method. The estimated effects of inflation on 
growth and investment are significantly negative in the 
long run. The study observes that there is not enough 
information in the low inflation context, to isolate precisely 
the effect of inflation on growth; however, this does not 
necessarily mean that this effect is small at low rates of 
inflation. The study proposes that about a 40% threshold 
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inflation has a significant effect on growth. They find that 
growth falls sharply during discrete high inflation crises, 
then recovers rapidly and strongly after inflation falls.

Bishnoi and Koirala (2006) try to identify the appropriate 
inflation model for Nepal, applying the robustness and 
stability criteria. Unit root tests are applied to investigate 
the validity of random walk of macro variables that 
determine inflation, and cointegration test to examine 
the long-run relationship between inflation and its 
determinants. The error correction estimates reveal the 
existence of both short- and long-run relationships in 
Nepal. The error correction model is stable and robust.

Jha and Dang (2012) examine the relationship between 
inflation variability and growth, covering the period 1961 
to 2009 for 182 developing countries and 31 developed 
countries, using two-stage least squares method and 
generalised least square with fixed effects method. The 
study finds significant evidence in developing countries 
for a negative effect of inflation variability on growth 
when the inflation rate exceeds 10% inflation variability; 
an increase in inflation is followed by a decrease in 
growth, only if inflation is stable. In developed countries, 
there is no significant evidence that inflation variability is 
detrimental to growth.

Tabi and Ondoa (2011) analyse the relationship between 
economic growth, money in circulation, and inflation 
in Cameroon for the period 1960-2007 using the VAR 
estimation method. In Cameroon, despite the low inflation 
level, economic growth is fragile. The results of the study 
show that there exists a causal relationship between 
growth and inflation; an increase in money supply 
increases growth and that growth causes inflation, but 
an increase in money in circulation need not necessarily 
increase the general price level in the economy.

Gullapalli (2013) analyses the non-linear effects of 
inflation on growth for 2l4 countries for 1990-2011. The 
study notes that many central banks around the world 
have settled for low inflation targets – 2-5%, with no 
regard for the economic context of the countries. Such 
low inflation targets lead to unnecessary monetary 
tightening and drying up of economic activity. The study 
finds a structural break at 20% in the average annual rate 
of inflation. Inflation rates below this have no significant 
effect on growth, while inflation rates above this have a 
significantly negative impact on growth. The identified 

threshold inflation rate for groups of countries are 
low-income countries at 14.5%, lower-middle-income 
countries at 9%, upper-middle-income countries at 10%, 
high-income countries at 2.25%, fast-growing countries at 
16%, and slow-growing countries at 14%. The empirical 
results of the paper indicate that price stability does not 
have to be captured around the central bank’s attempt to 
make monetary policy to enable growth in the economy. 
The role of central banks is to be justified in monetary 
easing, and even working with the government to spur 
economic growth in high inflation thresholds.

Bozkurt (2014) investigates the relationship between 
inflation, money supply, and growth in Turkey, for the 
period 1999 to 2012, applying the VAR model. The study 
finds that increase in money supply and velocity of money 
causes inflation in the long run in Turkey. However, a 1% 
decrease in income directly reduces inflation equally by 
1%. The study emphasises planning and implementing 
structural arrangements that will decrease the dependence 
on foreign markets in the short run and eliminate it in the 
long run.

Ghosh and Phillips (1998) estimate the relationship 
between inflation and growth for 145 countries, during 
the period 1960 to 1996, using panel regressions and non-
linear specifications. A decision-tree technique identifies 
inflation as one of the most important determinants of 
growth. The results show a statistically and economically 
negative relationship between inflation and economic 
growth, but only after a threshold level. At the single-digit 
level of inflation, short-run growth is possible.

Malik and Chowdhury (2001) examine the short- and 
long-run relationship between inflation and GDP growth 
for four South Asian countries, viz. Bangladesh, India, 
Pakistan, and Sri Lanka, applying the cointegration and 
error correction models. The study finds that inflation 
and economic growth are positively and statistically 
significantly related for all four countries, and the 
sensitivity of growth to changes in inflation rates is smaller 
than that of inflation to changes in growth rates. The fast-
growing South Asian economies are on the knife-edge as 
moderate inflation increases growth, but faster economic 
growth feeds back into inflation.

Burdekin et al. (2004) analyse the effect of inflation on 
growth for 21 industrial and 51 developing countries 
during 1967-1992. The study considers nonlinearities 
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and threshold effects of inflation on growth in different 
economic settings. The analysis shows that the effects of 
inflation on growth change substantially as the inflation 
rate rises. The empirical results support the view that 
the effect of inflation on growth is non-linear, and the 
nonlinearities are quite different for industrial countries 
than for developing countries. This study finds that the 
threshold inflation rate is 8% for industrial countries and 
3% or less for developing countries, at which inflation 
begins to seriously affect economic growth. Further, the 
marginal growth costs for developing countries decline 
significantly above 50% inflation.

Gillman et al. (2004) analyse the relationship between 
inflation and growth in a cross-section of Organization 
for Economic Cooperation and Development (OECD) 
and Asia-Pacific Economic Cooperation (APEC) member 
countries, for the period 1961-1967, using a monetary 
model of endogenous growth. The study observes that 
the economic model suggests a negative inflation-growth 
effect and the effect is stronger at lower levels of inflation. 
The empirical results of the study validate the negative 
inflation effect for the OECD countries, wherein growth 
increases marginally as the inflation rate declines. The 
instrumental variables estimation also reveals significant 
evidence of similar behaviour for APEC countries.

Faria and Carneiro (2001) examine the relationship 
between inflation and output, both in the short and long 
run in Brazil, a country with constant high inflation, 
applying the bivariate vector autoregression method. The 
results show a negative effect of inflation on output in the 
short run, but in the long run, inflation does not impact 
the real output in Brazil. The results also reveal super 
neutrality of money in the long run, but doubtful short-
run implications.

Gokal and Hanif (2004) examine the relationship between 
inflation and economic growth in Fiji. The study also 
reviews the theoretical and empirical literature in search 
of a consensus on the meaningful inflation-growth 
relationship. The study tests whether the inflation-growth 
relationship holds for Fiji, by estimating the effect of 
inflation on economic growth using an extended view 
of the neoclassical model and regression equations. The 
results indicate a weak negative correlation between 
inflation and growth, and the causality between the two 
variables runs one way from GDP growth to inflation.

Berument et al. (2008) examine how inflation affects 
economic growth in Turkey, using the unrestricted 
vector autoregression technique and generalised impulse 
response method, identifying the sources of shocks and 
controlling for external factors. The study finds that 
inflation adversely affects output growth in Turkey and 
the main underlying factor is the real exchange rate.

Erbaykal and Okuyan (2008) analyse the relationship 
between inflation and economic growth in Turkey over the 
period 1987-2006 using the Pesaran Bound Test and ARDL 
methods. The existence of a cointegrating relationship 
and the direction of causality are examined. The 
existence of a cointegration relationship between the two 
series is detected by the Bounds Test, and a unidirectional 
causality running from inflation to economic growth is 
identified by the Yamamoto approach. The study finds no 
statistically significant long-term relationship; however, 
there is a negative and statistically significant short-term 
relationship between inflation and growth.

In the Indian context, the study conducted by 
Balakrishnan (1991) is an early attempt to understand the 
effect of inflation on output growth. The study uses data 
on the Indian manufacturing sector from 1950 to 1980, 
and regresses inflation on the output gap or the activity 
variable. The study finds a significant negative effect of 
inflation on output growth in open pre-reforms India. 
However, the study notes that inflation is not purely a 
monetary phenomenon, as the continuous slowing down 
of money (M3) growth has not been able to dampen the 
inflationary pressure in India.

Krishna Veni and Choudhury (2007) examine the 
relationship between inflation and the growth of the 
Indian economy during 1981-2004, applying causality 
and cointegration tests. The causality test shows 
the independence of growth and inflation, and the  
cointegration test shows no cointegration between inflation 
and growth in India. Therefore, the study concludes that 
there is no long-run relationship between inflation and 
growth in India.

Batura (2008) looks into the trends of inflation surge in 
India. The study tracks the movements in the wholesale 
price index to identify when inflation began to accelerate, 
and analyses the causes for across-the-board price increase 
and compares consumer prices with wholesale prices.



52      International Journal of Business Analytics & Intelligence	 Volume 10 Issue 1 April 2022

Patnaik (2010) examines inflation in India as a mix of 
demand- and supply-side factors, the stabilisation policies 
that focus on both demand control and supply management, 
for the period 1991 to 2008, applying the VAR model. The 
study finds that money supply does influence inflation, but 
the impact is short-lived. The impact on inflation due to 
the external sector is also very immediate and short-lived. 
The study concludes that the Indian inflation is largely 
demand-pull inflation, and therefore, the stabilisation 
policies should focus on demand management policies 
on a long-term basis and supply management policies for 
short-term impact on inflation.

Sahadudheen (2012) studies the determinants of inflation 
in India using quarterly data, for the period 1996Q1 to 
2009Q3, applying the VECM approach. The VECM results 
show that GDP and broad money have positive effects 
on inflation, while exchange rate and interest rate have 
a negative impact on inflation. While income increases 
contribute to a 0.37% increase in inflation, money supply 
leads to a 5% increase in the price level in India.

Kumar (2013) studies inflation dynamics in the Indian 
economy after the new economic policy, using monthly 
data between 1992 and 2012 and employing the restricted 
autoregression method. The money supply is identified to 
be the most important variable in explaining the variation 
in inflation over time, followed by the imports. Inflation 
is negatively related to the industrial output and imports, 
and inflation has an unstable and explosive relationship 
with the money supply.

Pattanaik and Nadhanael (2013) try to find the threshold 
inflation level in the short-run growth-inflation trade-off 
for India using annual data over the period 1972-2010. 
The VAR estimation is used to capture the impact of the 
determinants of growth by lags of growth and the inflation 
threshold. The study argues that because of the excessive 
emphasis on growth maximising level of inflation, the 
welfare costs of inflation and risks to inclusive growth 
are often ignored. The inflation target that balances 
both welfare and growth is the inflation target below 
the threshold level. The estimate of the study suggests a 
threshold of about a 6 per cent inflation rate for India. 
The study suggests that the inflation target for monetary 
policy may have to be lower than the growth maximising 
threshold, since any positive inflation could be a risk to 
inclusive and sustainable growth objectives.

Bhowmik (2015) examines inflation and its determinants 
in India during the time period 1970-2013, applying the 
vector error correction model (VECM). The covariates 
considered are the GDP growth rate, lending rate, growth 
rate of money supply, fiscal deficit as per cent of GDP, 
degree of openness, the nominal exchange rate of rupee 
with respect to the US dollar, and crude oil price. The 
VECM estimates show that the inflation rate is associated 
with one period lagged interest rate and the previous 
period inflation rate is associated with the GDP and 
money supply growth rates. The error correction rate is 
14%, implying the slow speed of adjustment towards the 
long-run equilibrium relationship.

Behera (2016) investigates the dynamic relationship 
between inflation, GDP, exchange rate, and money supply 
in India, for the period 1975-2012, applying the vector 
error correction method. The empirical results show the 
existence of a long-run equilibrium relationship among 
the variables. The results also suggest that money supply 
has a positive effect on GDP growth. The Granger 
causality test results exhibit a unidirectional causality 
from GDP to inflation and exchange rate to inflation, 
and the exchange rate Granger causes both GDP and 
money supply. The error correction mechanism shows a 
negative sign for the GDP and exchange rate. The impulse 
response results show that GDP has a positive response 
to money supply from the occurrence to the end of the 
period, whereas the response of the exchange rate to the 
money supply is negative during the whole lag period. 
The variance decomposition shows that no significant 
part of the variance is caused by money supply.

Kaur (2019) examines the macroeconomic determinants 
of inflation and the proposition of a positive effect of 
fiscal deficits on inflation in India using quarterly data 
from 1996-1997Q1 to 2016-2017Q1. The ARDL bounds 
approach to cointegration reveals the existence of a long-
run relationship between inflation, gross fiscal deficit, 
money supply, exchange rate, crude oil prices, and the 
output gap. The long- and short-run dynamics indicate 
that gross fiscal deficit and money supply generate a 
negative impact on inflation in India. On the supply side, 
crude oil price and exchange rate play an important role 
in determining domestic prices. On the demand side, in 
the absence of a stronger output-inflation relationship, 
the flexible inflation targeting framework does get 
encumbered, as the case for the existence of the Phillips 
curve in India further weakens.
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Data and Methodology

The study uses the time series of annual data of 30 years, 
from 1986 to 2016, for India. The study variables are 
wholesale price index, interest rate, exchange rate, broad 
money (M3), gross fiscal deficit, and gross domestic 
product at the current price. The data on variables interest 
rate, exchange rate, gross fiscal deficit, and broad money 
data are obtained from the RBI Handbook of Statistics on 
Indian Economy, and data on wholesale price index and 
GDP are derived from the World Development Indicators 
of the World Bank.

Vector Error Correction Model

The first step in the empirical analysis of a time series is 
to check for stationarity of series. Most time series are 
trended, and therefore, in most cases, are non-stationary. 
Hence, the standard OLS regression procedure yields 
biased coefficient estimates. Therefore, the series is to be 
made stationary.

ADF Unit Root Test of Stationarity: A variable is said to be 
stationary if it has a time-invariant mean, time-invariant 
variance, and the value of the covariance between the 
two time periods depends only on the distance or gap or 
lag between the two time periods and not the actual time 
at which the covariance is computed. The Augmented 
Dickey-Fuller (ADF) test is commonly used to test the 
stationarity of the variables. In this unit root test, the 
first difference of the variable (Δyt) is regressed against 
a constant, a time trend (t = 1, 2, ..., T), and lags of Δyt, 
along with the error term. The ADF regression is specified 
as:
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The first step in the empirical analysis of a time series is to check for stationarity of series. 
Most time series are trended, and therefore, in most cases, are non-stationary. Hence, the 
standard OLS regression procedure yields biased coefficient estimates. Therefore, the series 
is to be made stationary. 

ADF Unit Root Test of Stationarity: A variable is said to be stationary if it has a time-
invariant mean, time-invariant variance, and the value of the covariance between the two time 
periods depends only on the distance or gap or lag between the two time periods and not the 
actual time at which the covariance is computed. The Augmented Dickey-Fuller (ADF) test is 
commonly used to test the stationarity of the variables. In this unit root test, the first 
difference of the variable (Δyt) is regressed against a constant, a time trend (t = 1, 2, ..., T), 
and lags of Δyt, along with the error term. The ADF regression is specified as: 

∆𝑦𝑦𝑡𝑡 = 𝛽𝛽1 + 𝛽𝛽2𝑡𝑡 + 𝛿𝛿𝛿𝛿𝑡𝑡−1 + ∑ 𝛼𝛼𝑖𝑖∆𝑦𝑦𝑡𝑡−𝑖𝑖𝑚𝑚
𝑖𝑖=1 + 𝜀𝜀𝑡𝑡             (1) 

Where, the disturbance term εt is a white noise process and is assumed to be independently 
and identically distributed, with zero mean and constant variance. Sufficient lags of Δyt are to 

	 (1)

Where, the disturbance term εt is a white noise process and 
is assumed to be independently and identically distributed, 
with zero mean and constant variance. Sufficient lags of 
Δyt are to be included to ensure no autocorrelation in the 
error term. The Schwarz Information Criterion (SIC) test 
is to be used to confirm that autocorrelation is not present.

The null hypothesis is that the series has a unit root (δ 
= 0), meaning that the series is non-stationary, against 
the alternative hypothesis that the series is stationary. In 
the presence of a unit root, i.e., non-stationarity, δ would 

not be statistically different from zero. If the p-value 
of the coefficient of yt-1 is less than 0.05 at 5% level of 
significance, the null hypothesis is rejected, indicating 
that the series is stationary.

Phillips-Perron Test: The PP test is used to test the 
null hypothesis that a time series is integrated of 
order 1. The Phillips-Perron test considers the higher-
order autocorrelation in errors and makes a non-
parametric correction to the t-test statistic. The test is 
robust with respect to unspecified autocorrelation and 
heteroscedasticity in the disturbance process of the test 
equation. The PP regression is specified as:
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be included to ensure no autocorrelation in the error term. The Schwarz Information Criterion 
(SIC) test is to be used to confirm that autocorrelation is not present. 

The null hypothesis is that the series has a unit root (δ = 0), meaning that the series is 
non-stationary, against the alternative hypothesis that the series is stationary. In the presence 
of a unit root, i.e., non-stationarity, δ would not be statistically different from zero. If the p-
value of the coefficient of yt-1 is less than 0.05 at 5% level of significance, the null hypothesis 
is rejected, indicating that the series is stationary. 

Phillips-Perron Test: The PP test is used to test the null hypothesis that a time series is 
integrated of order 1. The Phillips-Perron test considers the higher-order autocorrelation in 
errors and makes a non-parametric correction to the t-test statistic. The test is robust with 
respect to unspecified autocorrelation and heteroscedasticity in the disturbance process of the 
test equation. The PP regression is specified as: 

𝑦𝑦𝑡𝑡 = 𝛽𝛽1 + 𝛽𝛽2𝑡𝑡 + 𝛿𝛿𝛿𝛿𝑡𝑡−1 + 𝜀𝜀𝑡𝑡               (2) 
The null hypothesis restricts δ = 1. Variants of the test, appropriate for series with different 
growth characteristics, restrict the drift and deterministic trend coefficients, β1 and β2, to be 0. 
If the p-value of the coefficient of yt-1 is less than 0.05 at 5% level of significance, the null 
hypothesis is rejected, indicating that the series is stationary. 

VAR Lag Length Selection: The optimal lag for the variables are determined by certain model 
selection criteria like the Akaike’s information criterion (AIC), Schwarz information criterion 
(SIC), and Hannan-Quinn information criterion (HQIC). 

Akaike’s Information Criterion: The AIC compares the quality of a set of statistical models 
and chooses the best model from that set. The AIC is defined by: 

𝐴𝐴𝐴𝐴𝐴𝐴 = −2(𝑙𝑙𝑙𝑙𝑙𝑙 − 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙ℎ𝑜𝑜𝑜𝑜𝑜𝑜) + 2𝑘𝑘       (3) 
Where, k is the number of model parameters and log-likelihood is a measure of model fit. 
The higher the number, the better the fit. However, the quality of the chosen model need not 
be absolute quality and absolutely the best. Therefore, once the best model is selected, a 
hypothesis test is to be performed to figure out the relationship between the variables in the 
model and the outcome of interest. 

Schwarz Information Criterion: The SIC chooses the least complex probability model among 
multiple options using a likelihood function. The SIC is defined by: 

𝑆𝑆𝑆𝑆𝑆𝑆 = 𝑘𝑘𝑘𝑘𝑘𝑘(𝑛𝑛) − 2ln⁡(𝐿̂𝐿)        (4) 
Where, the likelihood⁡𝐿̂𝐿 = 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃(𝑥𝑥|𝜃𝜃𝑀𝑀), where M is the model, x are the data, and 𝜃𝜃 are the 
parameters of the model. 

Hannan-Quinn Information Criterion: The HQIC is a measure of the goodness of fit, not 
based on log-likelihood function, but related to the Akaike and Schwarz information criteria. 
The QC is defined by: 

𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 = −2𝐿𝐿𝑚𝑚𝑚𝑚𝑚𝑚 + 2𝑘𝑘𝑘𝑘𝑘𝑘[𝑙𝑙𝑙𝑙(𝑛𝑛)]       (5) 
where, Lmax is the log-likelihood, k is the number of parameters, and n is the number of 
observations. 

Cointegration Test: If the two-time series data are non-stationary, there exists a possibility for 
a linear combination of the two variables such that the error term is stationary. The two 
variables are cointegrated if they have a long-term or equilibrium relationship between them. 
The existence of the cointegration between the variables is tested by the trace and eigenvalue 
statistics, defined as: 
Trace Statistic: 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 = −𝑇𝑇∑ log(1 − 𝜆𝜆𝑡𝑡1) ⁡⁡⁡⁡⁡⁡⁡⁡⁡𝑡𝑡 = 𝑟𝑟 + 1,… , 𝑝𝑝    (6) 
Maximum Eigenvalue Statistic: 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚(𝑟𝑟, 𝑟𝑟 + 1) = −𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇(1 − 𝜆𝜆𝑟𝑟+11 )   (7) 
Where, λ1r+1,..., λ1p are (p-r) number of estimated eigenvalues. 

	 (2)

The null hypothesis restricts δ = 1. Variants of the test, 
appropriate for series with different growth characteristics, 
restrict the drift and deterministic trend coefficients, β1 and 
β2, to be 0. If the p-value of the coefficient of yt-1 is less 
than 0.05 at 5% level of significance, the null hypothesis 
is rejected, indicating that the series is stationary.

VAR Lag Length Selection: The optimal lag for the 
variables are determined by certain model selection 
criteria like the Akaike’s information criterion (AIC), 
Schwarz information criterion (SIC), and Hannan-Quinn 
information criterion (HQIC).

Akaike’s Information Criterion: The AIC compares the 
quality of a set of statistical models and chooses the best 
model from that set. The AIC is defined by:
	 AIC = – 2(log – likelihood) + 2k 	 (3)

Where, k is the number of model parameters and log-
likelihood is a measure of model fit. The higher the 
number, the better the fit. However, the quality of the 
chosen model need not be absolute quality and absolutely 
the best. Therefore, once the best model is selected, 
a hypothesis test is to be performed to figure out the 
relationship between the variables in the model and the 
outcome of interest.

Schwarz Information Criterion: The SIC chooses the 
least complex probability model among multiple options 
using a likelihood function. The SIC is defined by:
	 SIC – kln(n) – 2In(L̂)	 (4)

Where, the likelihood 
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(SIC) test is to be used to confirm that autocorrelation is not present. 

The null hypothesis is that the series has a unit root (δ = 0), meaning that the series is 
non-stationary, against the alternative hypothesis that the series is stationary. In the presence 
of a unit root, i.e., non-stationarity, δ would not be statistically different from zero. If the p-
value of the coefficient of yt-1 is less than 0.05 at 5% level of significance, the null hypothesis 
is rejected, indicating that the series is stationary. 
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integrated of order 1. The Phillips-Perron test considers the higher-order autocorrelation in 
errors and makes a non-parametric correction to the t-test statistic. The test is robust with 
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Where, k is the number of model parameters and log-likelihood is a measure of model fit. 
The higher the number, the better the fit. However, the quality of the chosen model need not 
be absolute quality and absolutely the best. Therefore, once the best model is selected, a 
hypothesis test is to be performed to figure out the relationship between the variables in the 
model and the outcome of interest. 

Schwarz Information Criterion: The SIC chooses the least complex probability model among 
multiple options using a likelihood function. The SIC is defined by: 

𝑆𝑆𝑆𝑆𝑆𝑆 = 𝑘𝑘𝑘𝑘𝑘𝑘(𝑛𝑛) − 2ln⁡(𝐿̂𝐿)        (4) 
Where, the likelihood⁡𝐿̂𝐿 = 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃(𝑥𝑥|𝜃𝜃𝑀𝑀), where M is the model, x are the data, and 𝜃𝜃 are the 
parameters of the model. 

Hannan-Quinn Information Criterion: The HQIC is a measure of the goodness of fit, not 
based on log-likelihood function, but related to the Akaike and Schwarz information criteria. 
The QC is defined by: 

𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 = −2𝐿𝐿𝑚𝑚𝑚𝑚𝑚𝑚 + 2𝑘𝑘𝑘𝑘𝑘𝑘[𝑙𝑙𝑙𝑙(𝑛𝑛)]       (5) 
where, Lmax is the log-likelihood, k is the number of parameters, and n is the number of 
observations. 

Cointegration Test: If the two-time series data are non-stationary, there exists a possibility for 
a linear combination of the two variables such that the error term is stationary. The two 
variables are cointegrated if they have a long-term or equilibrium relationship between them. 
The existence of the cointegration between the variables is tested by the trace and eigenvalue 
statistics, defined as: 
Trace Statistic: 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 = −𝑇𝑇∑ log(1 − 𝜆𝜆𝑡𝑡1) ⁡⁡⁡⁡⁡⁡⁡⁡⁡𝑡𝑡 = 𝑟𝑟 + 1,… , 𝑝𝑝    (6) 
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Where, λ1r+1,..., λ1p are (p-r) number of estimated eigenvalues. 
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be included to ensure no autocorrelation in the error term. The Schwarz Information Criterion 
(SIC) test is to be used to confirm that autocorrelation is not present. 

The null hypothesis is that the series has a unit root (δ = 0), meaning that the series is 
non-stationary, against the alternative hypothesis that the series is stationary. In the presence 
of a unit root, i.e., non-stationarity, δ would not be statistically different from zero. If the p-
value of the coefficient of yt-1 is less than 0.05 at 5% level of significance, the null hypothesis 
is rejected, indicating that the series is stationary. 

Phillips-Perron Test: The PP test is used to test the null hypothesis that a time series is 
integrated of order 1. The Phillips-Perron test considers the higher-order autocorrelation in 
errors and makes a non-parametric correction to the t-test statistic. The test is robust with 
respect to unspecified autocorrelation and heteroscedasticity in the disturbance process of the 
test equation. The PP regression is specified as: 

𝑦𝑦𝑡𝑡 = 𝛽𝛽1 + 𝛽𝛽2𝑡𝑡 + 𝛿𝛿𝛿𝛿𝑡𝑡−1 + 𝜀𝜀𝑡𝑡               (2) 
The null hypothesis restricts δ = 1. Variants of the test, appropriate for series with different 
growth characteristics, restrict the drift and deterministic trend coefficients, β1 and β2, to be 0. 
If the p-value of the coefficient of yt-1 is less than 0.05 at 5% level of significance, the null 
hypothesis is rejected, indicating that the series is stationary. 

VAR Lag Length Selection: The optimal lag for the variables are determined by certain model 
selection criteria like the Akaike’s information criterion (AIC), Schwarz information criterion 
(SIC), and Hannan-Quinn information criterion (HQIC). 

Akaike’s Information Criterion: The AIC compares the quality of a set of statistical models 
and chooses the best model from that set. The AIC is defined by: 

𝐴𝐴𝐴𝐴𝐴𝐴 = −2(𝑙𝑙𝑙𝑙𝑙𝑙 − 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙ℎ𝑜𝑜𝑜𝑜𝑜𝑜) + 2𝑘𝑘       (3) 
Where, k is the number of model parameters and log-likelihood is a measure of model fit. 
The higher the number, the better the fit. However, the quality of the chosen model need not 
be absolute quality and absolutely the best. Therefore, once the best model is selected, a 
hypothesis test is to be performed to figure out the relationship between the variables in the 
model and the outcome of interest. 

Schwarz Information Criterion: The SIC chooses the least complex probability model among 
multiple options using a likelihood function. The SIC is defined by: 

𝑆𝑆𝑆𝑆𝑆𝑆 = 𝑘𝑘𝑘𝑘𝑘𝑘(𝑛𝑛) − 2ln⁡(𝐿̂𝐿)        (4) 
Where, the likelihood⁡𝐿̂𝐿 = 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃(𝑥𝑥|𝜃𝜃𝑀𝑀), where M is the model, x are the data, and 𝜃𝜃 are the 
parameters of the model. 

Hannan-Quinn Information Criterion: The HQIC is a measure of the goodness of fit, not 
based on log-likelihood function, but related to the Akaike and Schwarz information criteria. 
The QC is defined by: 

𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 = −2𝐿𝐿𝑚𝑚𝑚𝑚𝑚𝑚 + 2𝑘𝑘𝑘𝑘𝑘𝑘[𝑙𝑙𝑙𝑙(𝑛𝑛)]       (5) 
where, Lmax is the log-likelihood, k is the number of parameters, and n is the number of 
observations. 

Cointegration Test: If the two-time series data are non-stationary, there exists a possibility for 
a linear combination of the two variables such that the error term is stationary. The two 
variables are cointegrated if they have a long-term or equilibrium relationship between them. 
The existence of the cointegration between the variables is tested by the trace and eigenvalue 
statistics, defined as: 
Trace Statistic: 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 = −𝑇𝑇∑ log(1 − 𝜆𝜆𝑡𝑡1) ⁡⁡⁡⁡⁡⁡⁡⁡⁡𝑡𝑡 = 𝑟𝑟 + 1,… , 𝑝𝑝    (6) 
Maximum Eigenvalue Statistic: 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚(𝑟𝑟, 𝑟𝑟 + 1) = −𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇(1 − 𝜆𝜆𝑟𝑟+11 )   (7) 
Where, λ1r+1,..., λ1p are (p-r) number of estimated eigenvalues. 

 are the parameters of 
the model.

Hannan-Quinn Information Criterion: The HQIC is 
a measure of the goodness of fit, not based on log-
likelihood function, but related to the Akaike and Schwarz 
information criteria. The QC is defined by:
	 HQIC = – 2Lmax + 2kln[ln(n)]	 (5)

where, Lmax is the log-likelihood, k is the number of 
parameters, and n is the number of observations.

Cointegration Test: If the two-time series data are 
non-stationary, there exists a possibility for a linear 
combination of the two variables such that the error term 
is stationary. The two variables are cointegrated if they 
have a long-term or equilibrium relationship between 
them. The existence of the cointegration between the 
variables is tested by the trace and eigenvalue statistics, 
defined as:
Trace Statistic: 
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be included to ensure no autocorrelation in the error term. The Schwarz Information Criterion 
(SIC) test is to be used to confirm that autocorrelation is not present. 

The null hypothesis is that the series has a unit root (δ = 0), meaning that the series is 
non-stationary, against the alternative hypothesis that the series is stationary. In the presence 
of a unit root, i.e., non-stationarity, δ would not be statistically different from zero. If the p-
value of the coefficient of yt-1 is less than 0.05 at 5% level of significance, the null hypothesis 
is rejected, indicating that the series is stationary. 

Phillips-Perron Test: The PP test is used to test the null hypothesis that a time series is 
integrated of order 1. The Phillips-Perron test considers the higher-order autocorrelation in 
errors and makes a non-parametric correction to the t-test statistic. The test is robust with 
respect to unspecified autocorrelation and heteroscedasticity in the disturbance process of the 
test equation. The PP regression is specified as: 

𝑦𝑦𝑡𝑡 = 𝛽𝛽1 + 𝛽𝛽2𝑡𝑡 + 𝛿𝛿𝛿𝛿𝑡𝑡−1 + 𝜀𝜀𝑡𝑡               (2) 
The null hypothesis restricts δ = 1. Variants of the test, appropriate for series with different 
growth characteristics, restrict the drift and deterministic trend coefficients, β1 and β2, to be 0. 
If the p-value of the coefficient of yt-1 is less than 0.05 at 5% level of significance, the null 
hypothesis is rejected, indicating that the series is stationary. 

VAR Lag Length Selection: The optimal lag for the variables are determined by certain model 
selection criteria like the Akaike’s information criterion (AIC), Schwarz information criterion 
(SIC), and Hannan-Quinn information criterion (HQIC). 

Akaike’s Information Criterion: The AIC compares the quality of a set of statistical models 
and chooses the best model from that set. The AIC is defined by: 

𝐴𝐴𝐴𝐴𝐴𝐴 = −2(𝑙𝑙𝑙𝑙𝑙𝑙 − 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙ℎ𝑜𝑜𝑜𝑜𝑜𝑜) + 2𝑘𝑘       (3) 
Where, k is the number of model parameters and log-likelihood is a measure of model fit. 
The higher the number, the better the fit. However, the quality of the chosen model need not 
be absolute quality and absolutely the best. Therefore, once the best model is selected, a 
hypothesis test is to be performed to figure out the relationship between the variables in the 
model and the outcome of interest. 

Schwarz Information Criterion: The SIC chooses the least complex probability model among 
multiple options using a likelihood function. The SIC is defined by: 

𝑆𝑆𝑆𝑆𝑆𝑆 = 𝑘𝑘𝑘𝑘𝑘𝑘(𝑛𝑛) − 2ln⁡(𝐿̂𝐿)        (4) 
Where, the likelihood⁡𝐿̂𝐿 = 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃(𝑥𝑥|𝜃𝜃𝑀𝑀), where M is the model, x are the data, and 𝜃𝜃 are the 
parameters of the model. 

Hannan-Quinn Information Criterion: The HQIC is a measure of the goodness of fit, not 
based on log-likelihood function, but related to the Akaike and Schwarz information criteria. 
The QC is defined by: 

𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 = −2𝐿𝐿𝑚𝑚𝑚𝑚𝑚𝑚 + 2𝑘𝑘𝑘𝑘𝑘𝑘[𝑙𝑙𝑙𝑙(𝑛𝑛)]       (5) 
where, Lmax is the log-likelihood, k is the number of parameters, and n is the number of 
observations. 

Cointegration Test: If the two-time series data are non-stationary, there exists a possibility for 
a linear combination of the two variables such that the error term is stationary. The two 
variables are cointegrated if they have a long-term or equilibrium relationship between them. 
The existence of the cointegration between the variables is tested by the trace and eigenvalue 
statistics, defined as: 
Trace Statistic: 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 = −𝑇𝑇∑ log(1 − 𝜆𝜆𝑡𝑡1) ⁡⁡⁡⁡⁡⁡⁡⁡⁡𝑡𝑡 = 𝑟𝑟 + 1,… , 𝑝𝑝    (6) 
Maximum Eigenvalue Statistic: 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚(𝑟𝑟, 𝑟𝑟 + 1) = −𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇(1 − 𝜆𝜆𝑟𝑟+11 )   (7) 
Where, λ1r+1,..., λ1p are (p-r) number of estimated eigenvalues. 

 (6)

Maximum Eigenvalue Statistic:  		
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be included to ensure no autocorrelation in the error term. The Schwarz Information Criterion 
(SIC) test is to be used to confirm that autocorrelation is not present. 

The null hypothesis is that the series has a unit root (δ = 0), meaning that the series is 
non-stationary, against the alternative hypothesis that the series is stationary. In the presence 
of a unit root, i.e., non-stationarity, δ would not be statistically different from zero. If the p-
value of the coefficient of yt-1 is less than 0.05 at 5% level of significance, the null hypothesis 
is rejected, indicating that the series is stationary. 

Phillips-Perron Test: The PP test is used to test the null hypothesis that a time series is 
integrated of order 1. The Phillips-Perron test considers the higher-order autocorrelation in 
errors and makes a non-parametric correction to the t-test statistic. The test is robust with 
respect to unspecified autocorrelation and heteroscedasticity in the disturbance process of the 
test equation. The PP regression is specified as: 

𝑦𝑦𝑡𝑡 = 𝛽𝛽1 + 𝛽𝛽2𝑡𝑡 + 𝛿𝛿𝛿𝛿𝑡𝑡−1 + 𝜀𝜀𝑡𝑡               (2) 
The null hypothesis restricts δ = 1. Variants of the test, appropriate for series with different 
growth characteristics, restrict the drift and deterministic trend coefficients, β1 and β2, to be 0. 
If the p-value of the coefficient of yt-1 is less than 0.05 at 5% level of significance, the null 
hypothesis is rejected, indicating that the series is stationary. 

VAR Lag Length Selection: The optimal lag for the variables are determined by certain model 
selection criteria like the Akaike’s information criterion (AIC), Schwarz information criterion 
(SIC), and Hannan-Quinn information criterion (HQIC). 

Akaike’s Information Criterion: The AIC compares the quality of a set of statistical models 
and chooses the best model from that set. The AIC is defined by: 

𝐴𝐴𝐴𝐴𝐴𝐴 = −2(𝑙𝑙𝑙𝑙𝑙𝑙 − 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙ℎ𝑜𝑜𝑜𝑜𝑜𝑜) + 2𝑘𝑘       (3) 
Where, k is the number of model parameters and log-likelihood is a measure of model fit. 
The higher the number, the better the fit. However, the quality of the chosen model need not 
be absolute quality and absolutely the best. Therefore, once the best model is selected, a 
hypothesis test is to be performed to figure out the relationship between the variables in the 
model and the outcome of interest. 

Schwarz Information Criterion: The SIC chooses the least complex probability model among 
multiple options using a likelihood function. The SIC is defined by: 

𝑆𝑆𝑆𝑆𝑆𝑆 = 𝑘𝑘𝑘𝑘𝑘𝑘(𝑛𝑛) − 2ln⁡(𝐿̂𝐿)        (4) 
Where, the likelihood⁡𝐿̂𝐿 = 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃(𝑥𝑥|𝜃𝜃𝑀𝑀), where M is the model, x are the data, and 𝜃𝜃 are the 
parameters of the model. 

Hannan-Quinn Information Criterion: The HQIC is a measure of the goodness of fit, not 
based on log-likelihood function, but related to the Akaike and Schwarz information criteria. 
The QC is defined by: 

𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 = −2𝐿𝐿𝑚𝑚𝑚𝑚𝑚𝑚 + 2𝑘𝑘𝑘𝑘𝑘𝑘[𝑙𝑙𝑙𝑙(𝑛𝑛)]       (5) 
where, Lmax is the log-likelihood, k is the number of parameters, and n is the number of 
observations. 

Cointegration Test: If the two-time series data are non-stationary, there exists a possibility for 
a linear combination of the two variables such that the error term is stationary. The two 
variables are cointegrated if they have a long-term or equilibrium relationship between them. 
The existence of the cointegration between the variables is tested by the trace and eigenvalue 
statistics, defined as: 
Trace Statistic: 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 = −𝑇𝑇∑ log(1 − 𝜆𝜆𝑡𝑡1) ⁡⁡⁡⁡⁡⁡⁡⁡⁡𝑡𝑡 = 𝑟𝑟 + 1,… , 𝑝𝑝    (6) 
Maximum Eigenvalue Statistic: 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚(𝑟𝑟, 𝑟𝑟 + 1) = −𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇(1 − 𝜆𝜆𝑟𝑟+11 )   (7) 
Where, λ1r+1,..., λ1p are (p-r) number of estimated eigenvalues. 

 	 (7)

Where, λ1
r+1,..., λ1

p are (p-r) number of estimated 
eigenvalues.

The test hypothesis is:

H0: No cointegration (r = 0), against H1: presence of 
cointegration (r > 0)

Where, ‘r’ implies cointegration relation. If the absolute 
value of the computed trace statistic and computed 
eigenvalue statistic are greater than their respective 
critical values, the null hypothesis is rejected, implying 
that there exists at least one cointegrating relation 
between the variables at 5% level of significance. Then, 
the hypothesis test is:

H0: presence of one cointegrating relation (r = 1).

H1: presence of more than one cointegrating relation 
among the variables (r > 1).

Based on the value of the computed trace statistic and 
the eigenvalue, the null hypothesis is either accepted 
or rejected. If the cointegration test indicates that the 
variables are cointegrated, the Vector Error Correction 

Mechanism (VECM) is to be used to obtain the rate of 
adjustment by the variables in the short run to achieve 
equilibrium in the long run. If the variables are not 
cointegrated, the Vector Autoregression (VAR) method is 
used to capture the contemporaneous effects among the 
variables.

Causality Test: When there is cointegration between the 
two variables, then the direction of the long-term causal 
relationship between them is to be ascertained. The causal 
relationship may be unidirectional or bidirectional. The 
Granger causality test identifies the direction of causality 
and the way the variables are built-in in their long-term 
relationship. The Granger causality test finds out which 
variable causes the other and allows determining the short-
run or forecasting direction of the relations between the 
variables. Assuming two variables x and y, the following 
regression equations are to be estimated for the test:
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       (8) 

Where, n is the maximum number of lagged observations included in the model. The 
significance of the coefficients ai, bj, ci, and dj determine the direction of causality and the 
coefficients are jointly tested for their significance. There are two null hypotheses in the 
system: the first examines the null hypothesis that x does not Granger cause y and the second 
examines the null hypothesis that y does not Granger cause x. If the test fails to reject the 
former null hypothesis and rejects the latter, then x changes are Grange caused by a change in 
y. If the computed p-values exceed 0.05 at 5% level of significance, the null hypothesis is 
rejected, indicating causality between the two variables and no causality otherwise. 
Unidirectional causality exists between the two variables if either null hypothesis is rejected, 
bidirectional causality exists if both null hypotheses are rejected, and no causality exists if 
neither null hypothesis are rejected. 

Vector Error Correction Mechanism (VECM): The cointegration gives the long-run 
relationship between the variables. However, the cointegration equation does not say 
anything about the short-run dynamics of the relationship. It is intuitive that the existence of a 
long-term relationship itself indicates that there must be some short-term forces that are 
responsible for keeping the long-run relationship intact. Therefore, the short-run and long-run 
dynamics have to be built in a more comprehensive model, i.e., equilibrium specification, 
whereby any short-term deviation from the long-term equilibrium is automatically corrected. 
Engle and Granger (1987) show that this is accomplished by an error correction mechanism 
(ECM) in a Vector Autoregression (VAR), which includes the lagged disequilibrium terms as 
explanatory variables that capture the short-run dynamics and adjust towards the long-run 
equilibrium. The VECM directly estimates the level to which a variable can be brought back 
to equilibrium condition after a shock on other variables. Thus, the VECM estimates the 
short-term effect for the variables and the long-run effect of the time series data, i.e., the 
speed of adjustment in short-run disequilibrium towards the long-run equilibrium. 

	 (8)
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coefficients are jointly tested for their significance. There 
are two null hypotheses in the system: the first examines 
the null hypothesis that x does not Granger cause y and 
the second examines the null hypothesis that y does not 
Granger cause x. If the test fails to reject the former 
null hypothesis and rejects the latter, then x changes 
are Grange caused by a change in y. If the computed 
p-values exceed 0.05 at 5% level of significance, the null 
hypothesis is rejected, indicating causality between the 
two variables and no causality otherwise. Unidirectional 
causality exists between the two variables if either null 
hypothesis is rejected, bidirectional causality exists if 
both null hypotheses are rejected, and no causality exists 
if neither null hypothesis are rejected.

Vector Error Correction Mechanism (VECM): The 
cointegration gives the long-run relationship between 
the variables. However, the cointegration equation does 
not say anything about the short-run dynamics of the 
relationship. It is intuitive that the existence of a long-term 
relationship itself indicates that there must be some short-
term forces that are responsible for keeping the long-run 
relationship intact. Therefore, the short-run and long-run 
dynamics have to be built in a more comprehensive model, 
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i.e., equilibrium specification, whereby any short-term 
deviation from the long-term equilibrium is automatically 
corrected. Engle and Granger (1987) show that this is 
accomplished by an error correction mechanism (ECM) 
in a Vector Autoregression (VAR), which includes the 
lagged disequilibrium terms as explanatory variables 
that capture the short-run dynamics and adjust towards 
the long-run equilibrium. The VECM directly estimates 
the level to which a variable can be brought back to 
equilibrium condition after a shock on other variables. 
Thus, the VECM estimates the short-term effect for the 
variables and the long-run effect of the time series data, 
i.e., the speed of adjustment in short-run disequilibrium 
towards the long-run equilibrium.

The VECM(p) with the cointegration rank r ≤ k can be 
specified as:
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The VECM(p) with the cointegration rank r ≤ k can be specified as: 
∆𝑦𝑦𝑡𝑡 = 𝜃𝜃0 + 𝜃𝜃1∆𝑥𝑥𝑡𝑡 + 𝜏𝜏(𝜀𝜀𝑡̂𝑡−1) + 𝑣𝑣𝑡𝑡       (9) 

Where, τ is the coefficient of the error correction term, which should be theoretically negative 
and measures the speed of adjustment back to equilibrium following an exogenous shock. 
The coefficient θ1 captures any immediate effect of short-run disturbances. The error 
correction term 𝜀𝜀𝑡̂𝑡−1, which can be written as (yt − xt), is the residual from the cointegrating 
relationship, which is non-zero (positive or negative) that captures long-run properties of the 
relationship. The short-run behaviour is partially captured by the equilibrium error term, 
which says that if yt is out of equilibrium, it will be pulled towards it in the next period and 
further aspects of short-run behaviour are captured by the inclusion of Xt. 

Impulse Response Function: The IRF measures the response of the dependent variable in the 
VAR model to shocks in the error terms. The IRF detects the impact of a one-time shock in 
one of the innovations on the current and future values of the endogenous variables. The IRF 
can be specified as: 

𝑦𝑦𝑡𝑡 = 𝜇𝜇 + 𝜔𝜔0𝜀𝜀𝑡𝑡 + 𝜔𝜔1𝜀𝜀𝑡𝑡−1 + 𝜔𝜔1𝜀𝜀𝑡𝑡−2 + ⋯+𝜔𝜔𝑝𝑝𝜀𝜀𝑡𝑡−𝑝𝑝                (10) 
Where, 𝑦𝑦𝑡𝑡 is a vector of endogenous dependent variables, α is a vector of the constants, 𝜀𝜀i is a 
vector of innovations, and ωi is a vector of parameters that measure the reaction of the 
dependent variable to innovations in all variables included in the VAR model. 

Empirical Analysis 
 
Table 1 presents the descriptive statistics of the variables used in this study. The natural 
logarithm of money supply, GDP, gross fiscal deficit, and WPI are used. 

Table 1: Descriptive Statistics of Variables 
 

Variable Description Mean Std. Dev. 
ln(WPI) Wholesale price index (2010=100) 63.459 36.883 
ln(GDP) Gross domestic product (at 2010 price) (₹) 80.296 11.401 
ln(GFD) Gross fiscal deficit (₹) 16.76.2 16.663 
ln(M3) Broad money supply (₹ billions) 52.95 38.18 
IR Average lending rate of scheduled commercial banks (%) 12.617 2.963 
ER Exchange rate (₹ per US$) 39.685 13.803 

ADF Unit Root Test: The variables are tested for stationarity at levels and at first difference 
using the ADF unit root test. The null hypothesis states the presence of unit root i.e., the series 
is non-stationary, against the alternative hypothesis that the series is stationary. The ADF test 
results presented in Table 2 show that the variables are not stationary at levels, but become 
stationary at first difference. The null hypothesis of unit root is rejected at first difference at 
0.05 level of significance, as the computed values are greater than the critical value of 1.96. 
Thus, all variables are integrated of order one, i.e., I(1) process, and all these variables 
achieve stationarity at first differencing. 

Table 2: Augmented Dickey-Fuller Unit Root Test of Stationarity 
 
Variable At level At first difference 
ln(WPI) 0.230 (0.2005) 4.308** (0.002) 
ln(GDP) 0.819 (0.992) 4.774** (0.007) 
ln(GFD) 0.595 (0.856) 4.77** (0.007) 
ln(M3) 1.459 (0.538) 3.689** (0.046) 
IR 0.909 (0.777) 5.451** (0.0001) 

	  (9)
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immediate effect of short-run disturbances. The error 
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residual from the cointegrating relationship, which is 
non-zero (positive or negative) that captures long-run 
properties of the relationship. The short-run behaviour is 
partially captured by the equilibrium error term, which 
says that if yt is out of equilibrium, it will be pulled 
towards it in the next period and further aspects of short-
run behaviour are captured by the inclusion of ∆Xt.

Impulse Response Function: The IRF measures the 
response of the dependent variable in the VAR model to 
shocks in the error terms. The IRF detects the impact of 
a one-time shock in one of the innovations on the current 
and future values of the endogenous variables. The IRF 
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Where, yt is a vector of endogenous dependent variables, 
α is a vector of the constants, ei is a vector of innovations, 
and ωi is a vector of parameters that measure the reaction 
of the dependent variable to innovations in all variables 
included in the VAR model.

Empirical Analysis

Table 1 presents the descriptive statistics of the variables 
used in this study. The natural logarithm of money supply, 
GDP, gross fiscal deficit, and WPI are used.

Table 1:  Descriptive Statistics of Variables

Variable Description Mean Std. 
Dev.

ln(WPI) Wholesale price index (2010=100) 63.459 36.883
ln(GDP) Gross domestic product (at 2010 

price) (`)
80.296 11.401

ln(GFD) Gross fiscal deficit (`) 16.76.2 16.663
ln(M3) Broad money supply (` billions) 52.95 38.18
IR Average lending rate of scheduled 

commercial banks (%)
12.617 2.963

ER Exchange rate (` per US$) 39.685 13.803

ADF Unit Root Test: The variables are tested for stati-
onarity at levels and at first difference using the ADF unit 
root test. The null hypothesis states the presence of unit 
root i.e., the series is non-stationary, against the alternative 
hypothesis that the series is stationary. The ADF test 
results presented in Table 2 show that the variables are not 
stationary at levels, but become stationary at first difference. 
The null hypothesis of unit root is rejected at first difference 
at 0.05 level of significance, as the computed values are 
greater than the critical value of 1.96. Thus, all variables 
are integrated of order one, i.e., I(1) process, and all these 
variables achieve stationarity at first differencing.

Table 2:  Augmented Dickey-Fuller Unit Root Test of 
Stationarity

Variable At Level At First Difference
ln(WPI) 0.230 (0.2005) 4.308** (0.002)
ln(GDP) 0.819 (0.992) 4.774** (0.007)
ln(GFD) 0.595 (0.856) 4.77** (0.007)
ln(M3) 1.459 (0.538) 3.689** (0.046)
IR 0.909 (0.777) 5.451** (0.0001)
ER 0.748 (0.818) 4.920** (0.005)

Note: Figures are t-values. p-values in parentheses. *indicates 
rejection of null hypothesis at 5% significance level.

Lag Length Selection: The lag order selection helps in 
determining the optimal lag length of variables in the 
VAR estimation. The appropriate lag length is selected 
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using the selection criteria. The results presented in Table 3 
identify the optimal lag length as 2 by AIC and HQ criteria.

Table 3: Optimal Lag Length Selection

Lag LR HQ AIC SIC
1 317.80* −4.968 −5.57984 −3.581*
2 47.122 −5.015* −6.14989* −2.438

Note: *indicates lag order selected by the criteria at 5% signifi-
cance level.

Johansen Cointegration Test: The Johansen cointegration 
test examines the presence of a long term relationship 
between variables that are integrated of order 1. The 
null hypothesis is that there is no cointegration, against 
the alternative hypothesis of cointegration, between the 
variables. The Johansen cointegration test results are 
presented in Table 4. The trace statistic and eigenvalue 
statistic indicate 1 cointegrating equation at 0.5% level of 
significance.

Table 4:  Johansen Cointegration Test

No. of CEs Trace Statistic 0.05 Critical Value Prob.* Maximum Eigenvalue Statistic 0.05 Critical Value Prob.*

None* 119.422 95.754 0.0005 43.551 34.077 0.001
Atmost1* 85.872 59.819 0.001 32.665 23.877 0.001

Note: *indicates rejection of null hypothesis at 5% significance level.

Pairwise Granger Causality Test: Given the cointegration 
between the variables, the direction of causation is 
ascertained by the Granger causality test. The null 
hypothesis under the test is that the variable under 
consideration does not granger cause the other variable, 
against the alternative hypothesis that the variable 
Granger causes the other variable. The Granger causality 
test results presented in Table 5 show that the null 
hypothesis that money supply does not Granger cause 
WPI is rejected, as the computed F-statistics is greater 
than the table value and the p-value is less than 0.05 at 
5% level of significance. Hence, there is a unidirectional 
causality from money supply to inflation. In addition, the 
null hypothesis that WPI does not Granger cause gross 
fiscal deficit is rejected at 5% level, as the p-value is 
0.007 and F-statistics is 6.172, which is greater than the  
critical value. The Granger causality tests also show that 
WPI has a unidirectional causality with the current GDP 
and the exchange rate. Thus, changes in money supply, 
GDP, and exchange rate have an impact on WPI and a 
change in WPI has an effect on gross fiscal deficit and 
interest rate.

Table 5:  Pairwise Granger Causality Test

Null Hypothesis F-Statistic Prob.
lnM3 does not Granger cause lnWPI 5.132* 0.014
lnWPI does not Granger cause lnM3 1.824 0.184
lnGFD does not Granger cause lnWPI 1.826 0.183
lnWPI does not Granger cause lnGFD 6.172* 0.007
lnGDP does not Granger cause lnWPI 5.340* 0.012
lnWPI does not Granger cause lnGDP 2.331 0.120
IR does not Granger cause lnWPI 0.823 0.452
lnWPI does not Granger cause IR 8.666* 0.001
EX does not Granger cause lnWPI 12.267* 0.0002
lnWPI does not Granger cause EX 1.824 0.080

Note: *F-value significant at 5% level.

Vector Error Correction Estimates: The cointegration 
test results show that there exists a long-run relationship 
between inflation and its identified determinants. If there 
is any deviation from the long-run relation, the system 
has a tendency to come back to the original level within a 
short period of time, i.e., if there is a change in inflation as 
a result of these variables, inflation will adjust in the next 
period; the percentage of correction is called the error 
correction. The cointegration equation is:
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Table 6 presents the VECM estimates. The VECM result shows that the previous 
period deviation from the long-run equilibrium is correlated with the current period at an 
adjustment rate of 19.9%. The error correction term is statistically significant. Thus, the 
short-run disequilibrium is corrected towards the long-run equilibrium at the speed of about 
20%. This means that if the two series are out of equilibrium, growth rates will adjust to 
reduce the equilibrium error and vice versa. A 1% change in current period inflation is 
associated with about a 20% change in its previous period inflation rate. The current inflation 
is associated with a 3.8% increase in money supply and a 2.8% reduction in GDP. A 1% 
increase in inflation is associated with about a 1% increase in the gross fiscal deficit. A 1% 
increase in inflation is followed by a 1.7% reduction in the exchange rate, while a 1% change 
in WPI is associated with a 1% increase in interest rate. 
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Variable D(lnWPI) D(lnGDP) D(lnGFD) D(lnM3) D(IR) D(EX) 
CointEq1 −0.199* 

(3.106) 
−1.771* 
(4.336) 

−3.865* 
(4.640) 

−0.115 
(1.177) 

−4.998 
(0.803) 

61.894* 
(4.133) 

D(lnWPI(-1)) 0.205* 
(3.023) 

1.231* 
(3.115) 

−4.194* 
(5.203) 

0.101 
(1.068) 

22.431* 
(3.729) 

−25.866*** 
(1.785) 

D(lnGDP(-1)) 0.282* 
(2.782) 

0.567 
(1.501) 

−1.306*** 
(1.694) 

−0.131 
(1.447) 

4.532 
(0.788) 

−7.543 
(0.544) 

D(ln GFD (-1)) 0.108** 
(2.329) 

−0.221** 
(2.571) 

0.369** 
(2.104) 

0.025 
(1.239) 

−1.511 
(1.155) 

9.845* 
(3.124) 

D(lnM3(-1)) 0.384* 
(2.928) 

0.799 
(1.042) 

4.147* 
(2.650) 

0.517* 
(2.806) 

−25.660*
* (2.197) 

−54.653*** 
(1.942) 

D(IR(-1)) 0.009 
(1.221) 

−0.015 
(1.081) 

0.057** 
(2.023) 

0.004 
(1.212) 

−0.290 
(1.386) 

0.562 
(1.113) 

D(EX(-1)) −0.017* 
(2.928) 

0.012 
(1.106) 

−0.050** 
(2.333) 

−0.005*** 
(1.831) 

−0.062 
(0.382) 

−0.316 
(0.813) 

Constant 0.051 
(0.739) 

−0.184 
(1.428) 

−0.072 
(0.275) 

0.082* 
(2.646) 

1.894 
(0.966) 

12.435* 
(2.634) 

R-square 0.553 0.505 0.707 0.607 0.520 0.513 
Adj. R-square 0.396 0.332 0.605 0.469 0.352 0.343 
F-statistic 3.530 2.918 6.905 4.414 3.094 3.016 
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Table 6 presents the VECM estimates. The VECM  
result shows that the previous period deviation from 
the long-run equilibrium is correlated with the current  
period at an adjustment rate of 19.9%. The error 
correction term is statistically significant. Thus, the short-
run disequilibrium is corrected towards the long-run 
equilibrium at the speed of about 20%. This means that 
if the two series are out of equilibrium, growth rates will 
adjust to reduce the equilibrium error and vice versa. A 

1% change in current period inflation is associated with 
about a 20% change in its previous period inflation rate. 
The current inflation is associated with a 3.8% increase 
in money supply and a 2.8% reduction in GDP. A 1% 
increase in inflation is associated with about a 1% increase 
in the gross fiscal deficit. A 1% increase in inflation is 
followed by a 1.7% reduction in the exchange rate, while 
a 1% change in WPI is associated with a 1% increase in 
interest rate.

Table 6:  Vector Error Correction Estimates

Variable D(lnWPI) D(lnGDP) D(lnGFD) D(lnM3) D(IR) D(EX)
CointEq1 −0.199* (3.106) −1.771* (4.336) −3.865* (4.640) −0.115 (1.177) −4.998 (0.803) 61.894* (4.133)

D(lnWPI(-1)) 0.205* (3.023) 1.231* (3.115) −4.194* (5.203) 0.101 (1.068) 22.431* (3.729) −25.866*** (1.785)

D(lnGDP(-1)) 0.282* (2.782) 0.567 (1.501) −1.306*** (1.694) −0.131 (1.447) 4.532 (0.788) −7.543 (0.544)

D(ln GFD (-1)) 0.108** (2.329) −0.221** (2.571) 0.369** (2.104) 0.025 (1.239) −1.511 (1.155) 9.845* (3.124)

D(lnM3(-1)) 0.384* (2.928) 0.799 (1.042) 4.147* (2.650) 0.517* (2.806) −25.660** (2.197) −54.653*** (1.942)

D(IR(-1)) 0.009 (1.221) −0.015 (1.081) 0.057** (2.023) 0.004 (1.212) −0.290 (1.386) 0.562 (1.113)

D(EX(-1)) −0.017* (2.928) 0.012 (1.106) −0.050** (2.333) −0.005*** (1.831) −0.062 (0.382) −0.316 (0.813)

Constant 0.051 (0.739) −0.184 (1.428) −0.072 (0.275) 0.082* (2.646) 1.894 (0.966) 12.435* (2.634)
R-square 0.553 0.505 0.707 0.607 0.520 0.513

Adj. R-square 0.396 0.332 0.605 0.469 0.352 0.343
F-statistic 3.530 2.918 6.905 4.414 3.094 3.016

Log-likelihood 56.823 39.540 19.577 79.494 −36.697 −61.318

AIC −3.487 −2.253 −0.827 −5.106 3.192 4.951

SIC −3.107 −1.872 −0.446 −4.726 3.573 5.332

Note: Absolute t-values in parentheses. *, **, ***significant at 1, 5, 10 per cent levels.

Impulse Response Functions: The IRFs generate the 
effects of shocks to the errors (ε) on the entire time  
paths of the variables contained in the VAR system. 
The IRFs presented in Fig. 2 show the response time  
path of WPI to the one standard deviation innovation to 
the other variables in the VAR system for ten periods. 
A shock in GDP will lead to a sudden increase in  
inflation, which dissipates over time. There is a sharp 
increase in WPI from the 1st to 2nd period of gross fiscal 

deficit, after which the response of inflation shows a 
sudden fall. The impulse response of WPI to M3 shows a 
positive response over time horizons till the 9th period. An 
increase in the money supply will push inflation upwards. 
The impulse response of WPI to interest rate stocks is 
more or less stable; there is not much fluctuation in the 
response curve. An impulse of one standard deviation 
to the exchange rate is negatively reflected in the  
inflation rate.
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Stability of VAR Model: The stability condition of VAR 
requires that the characteristic roots of the polynomial 
lie outside the unit circle. The VAR model is stationary 
if all roots of the characteristic AR polynomial have an 
absolute value less than one and lie outside the unit circle. 
There should be (number of variables) * (number of 
model lags) roots visible on the graph. Therefore, in the 
inverse roots of the AR polynomial, all the roots should 
lie inside the unit root circle. The points in Fig. 3 are the 
inverse roots of the VAR model and all roots are inside 
the unit circle, suggesting that the model does not suffer 
from the problem of autocorrelation or heteroscedasticity. 
Therefore, the VAR model is stable and the sequences 
of WPI, GDP, gross fiscal deficit, interest rate, exchange 
rate, and money supply have a finite and time-invariant 
mean and variance.
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Conclusion

Macroeconomic stability with low or moderate inflation 
is the necessary precondition for sustained economic 
growth. However, low inflation does not constitute a 
sufficient condition for growth. The relationship between 
inflation and macroeconomic variables like growth rate, 
money supply, fiscal deficit, interest rate, and the exchange 
rate remains a controversial one in both theory and 
empirical findings. Though theoretically there seems to be 
consensus on the negative effects of inflation on economic 
growth, the effects are not the same across developed 
and developing countries. Empirical studies also find 
threshold and non-linear effects of inflation on growth. 
Some studies even report positive effects of inflation on 
growth, often comparing inflation with deficit financing. 
Further, causality is not always one way. To understand 
the macroeconomic relationship between inflation and 
other variables in the Indian context in recent years, this 
study examines the causal relationship between inflation 
and some macroeconomic variables for the period 1986-
2016. The variables considered in this study are wholesale 
price index, interest rate, exchange rate, GDP, broad 
money, and gross fiscal deficit. Data for the variables are 
sourced from the RBI Handbook of Statistics on Indian 
Economy and the World Bank. Empirically, considering 
all the variables as endogenous, the vector error correction 
mechanism (VECM) estimation method is followed. All 
the variables in the study are considered as a group and 
are endogenous. The usual diagnostics of time series data, 
viz. stationarity, cointegration, and causality tests, are 
performed. The tests show that the macro variables are 
stationary at first difference; there exists a cointegrating 
relationship between inflation and other macroeconomic 
variables; money supply, GDP, and exchange rate cause 
inflation; and a change in WPI has an effect on gross fiscal 
deficit and interest rate.

The VECM estimates show that money supply and GDP 
are the most important macro variables in explaining the 
variation in inflation. A 1% increase in inflation is due to 
a 3.8% increase in money supply and a 2.8% decrease in 
GDP. A 1% change in current period inflation is associated 
with about a 20% change in its previous period inflation 
rate. A 1% increase in inflation is associated with about a 
1% increase in the gross fiscal deficit. The error correction 
term shows that any divergence from the long-run relation 

in the current period should be adjusted to around 20% in 
the following period. Thus, the short-run disequilibrium is 
corrected by about 20%, every period, towards the long-
run equilibrium. The impulse response results show that 
inflation responds positively to money supply from the 
start to the 9th period. The response of WPI to exchange 
rate, GDP, and fiscal deficit are generally negative. The 
shock of the interest rate on inflation is more or less stable 
over the period. The results of this study suggest that to 
promote economic growth and keep inflation low, the 
government needs to rationalise money supply and budget 
deficits. The government should curtail unproductive 
expenditure, which is bad for both growth and inflation, in 
favour of investment, to provide macroeconomic stability 
for promoting growth.
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