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Industrial evolution has taken over as next generation technological breakthrough which is capable of achieving 
digitalization to ensure enhanced quality, safety and economics. This paper aims to highlight those factors that affect the 
functioning of the automobile industry. The objective is to find the effect of various factors contributed by Industry 4.0 in 
the Indian automobile sector through brainstorming with manufacturing experts and literature survey. Ten factors were 
found relevant. Generated responses were used to measure their influence with each other. Structural Equation Modeling 
(SEM) analysis was applied for this. Then MICMAC (Matriced'impactscroisés multiplication appliquée á un classment), a 
cross-impact matrix multiplication is applied to show the dependency of the variables thereby examining the strength of the 
relationship between Industry 4.0 factors based on their driving and dependence power.The outcome model categorizes the 
factors in such a way that their impact can be observed by the practitioner and make changes accordingly. Effective 
mitigation of challenges associated with these factors is envisaged to make it much simpler for the company to enhance their 
performance and competitive ability. The model reiterates the fact that advancement in technology drives the 4th revolution 
and other factors such as supply chain management, organizational structure, employment disruption, etc. affect each other 
at various stages of development. 
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Introduction  
The very first industrial revolution began with the 

use of machines powered by steam, while the second 
by the substitution of electricity for steam and water, 
and the third by the information technology revolution. 
Industry 4.0 is bringing a new wave of “change” which 
will include advancement of manufacturing and 
operation techniques with smart information exchange, 
thereby creating a huge enterprise that would not 
only be autonomous and interconnected but also use 
real-time data to analyze and communicate with 
technologies that drive physical process more 
intelligently. It represents the innovative ways in which 
smart, connected technology would become embedded 
within people, assets and organizations. The adamant 
will be caused gradually with the introduction of 
upcoming fields of science such as analytics, robotics, 
Internet of Services (IoS), cognitive technologies and 
artificial intelligence, quantum computing, the Internet 
of Things (IoT), nanotechnology, advanced materials 
and additive manufacturing.1 

Hermann et al.2 in their research defined the 
concept of Industry 4.0 as: “a collective term for 

technologies and concepts of value chain 
organization. Within the modular structured Smart 
Factories of Industry 4.0, Cyber Physical Systems 
(CPS) monitor physical processes, create a virtual 
copy of the physical world and make decentralized 
decisions. Over the IoT, CPS communicates and 
cooperates with each other and humans in real time. 
Via the IoS, both internal and cross- organizational 
services are offered and utilized by participants of the 
value chain.” 

While a lot of focus is already on improvements in 
manufacturing due to the coming of Industry 4.0, 
there are a lot of transformations going on in other 
sectors as well.3 Designing of parts and products, its 
manufacturing, proper usage and maintenance can 
also be transformed using new smart and connected 
technologies. It can also help in transforming 
organizations and their decision-making abilities of 
how they act upon different situations to achieve 
greater excellence in manufacturing, distribution and 
marketing areas.  

Kamble et al.4 identifies there will be many 
challenges which crucially require the automotive 
industry to introduce Industry 4.0 within the sector. It 
is really necessary to study these challenges as to how 
they will impact the industry and what steps can be 
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taken in advance to tackle these challenges. Through 
this paper we will be going to study some of these 
challenges that will include both negative and positive 
changes in the automotive industry.5 These can be 
illustrated below. 

Employment disruption – As we all know that the 
introduction of new automated machinery in different 
sectors will replace the need for manpower on a large 
scale. But along with that there will be a need for 
more skilled people for building and managing such 
machinery. So, extensive manual work will be 
replaced through digitization and hence people 
working will lose their jobs. However technical jobs 
will rise in the service sector particularly at the 
management level. 

Cyber security - Another challenge can be cyber 
physical attacks on robots especially in self driving 
cars. The mere possibility of getting hacked and 
transfer of control poses a threat to security and 
privacy of the owner. On the other hand, it is 
necessary to incorporate new technologies for better 
performance and increased efficiency of tasks. 

Investments – The initial cost of infrastructure and 
services will be very high and right now Return on 
Investment (ROI) seems to be gradually profitable 
over a span of 10–15 years. This is also discussed 
briefly in the next section of this paper. 
 
Aim and Objective 

This paper aims to identify and classify various 
factors of Industry 4.0 that might create an impact on 
the Indian Automotive Industry. Contextual 
relationships are developed using Interpretive 
Structural Modeling (ISM) among various identified 
factors and then are classified using MICMAC 
analysis. This method is used to calculate the 
dependence or driving power of described variables. 
 
Factors Affecting Automobile Industry 

The most important component in inculcating 
Industry 4.0 is linking the architecture of digital 
technology with the framework laid from physical 
assets.6 The target for such integration is to develop 
and build communication within the business 
processes.7 The execution of high-end technologies 
like IoT, Cloud Computing and Cyber Physical 
Systems (CPS) in the domain of manufacturing 
industry, the companies looks for several factors 
which determine whether a company can incorporate 
them. These factors consist of profitable trade, 
strategic alignment, business processes, operation 

model changes, capability upliftment and end to end 
security. All of them are necessary to support the 
successful growth of the company.  

This research uses articles and research papers for 
literature review obtained from several journals, 
discussing the impact of Industry 4.0 in the 
manufacturing industry (with function related or 
similar to automobile production) so that later they 
can be applied in the automotive sector in India. 

Any new technology requires a skill set for which 
training is provided. The accessibility of necessary 
skills and competencies in a country's youth will have 
a substantial impact on the effective integration of 
Industry 4.0 at both the micro and macro levels. 
Maisiri et al.8 mentions that the workforce's skills and 
capabilities will play a significant role in fostering 
organizational innovation and competitiveness. This 
shift towards introduction of technology must be a 
gradual one which will then be able to sustain in the 
society. This is further categorized into the levels of 
implementation, where each level has a unique phase 
of development requiring the workforce to improve 
their skill set. Some examples of professions and the 
associated skill development required are also 
mentioned by Benešová & Tupa9. In this context, Yet 
Schallock et al.10 describes that Industry 4.0 should 
provide an outlet of human resource development, 
where people develop technological skills which are 
more future oriented.  

Because of its fast (and often unanticipated) effects 
on the global economy, technological development is 
becoming increasingly difficult to quantify. This has 
generated competition among interested business 
players which in turn affects hiring priorities.  
Fareri et al.11 emphasizes the effect of incorporating 
technology on work profiles and concluded that 
management jobs are the most affected. Another 
reason for employment disruption is that current 
research or studies carry information generically, 
which is not useful to apply in hiring in professional 
profiles, thereby reducing the essential integration of 
current talents.  

Increased automation is being used in India's 
automobile sector. While most OEMs' plant-level 
mechanization remains around 30%, the degree of 
automation in the body shop has surpassed 95%. 
Automobile manufacturers are progressively 
implementing AI-enabled smart robots that can 
interfere and amend the designs by communicating, 
and interacting with one another and with people. 
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Now given the fact that India has the largest  
number of young workforce in the world, where  
2/3rd of population comes under working  
age (15–59) and the unemployment rate fluctuating 
from 6–10% reiterates the question whether we  
as a country are ready or not. This implies that  
both skill development and employability act as a 
major obstacle with the advent of exponential 
technologies.12 

Bernard Marr13 has provided some light on a list of 
jobs which might seem to be threatened in reference to 
rise of efforts in advancement of upcoming scientific 
endeavours. These job profiles are: Healthcare, 
Insurance, Architecture, Finance, Journalism, 
Education, Human Resources, Marketing and 
Advertising, and some aspects of Judicial Services.  

The future of jobs will depend how the country 
reacts to the 12 megatrends such as rising nationalism, 
quick adoption of digital innovation, 
expanding/shrinking global employment market for 
Indian labor, and degree of FDI flows. Companies 
must contend with shorter product life cycles, shorter 
commute time with the market and lowering costs as a 
result of ongoing globalization. As a result, traditional 
company methods are being surpassed and must be 
substituted with customer-centric and service-oriented 
business models. This entails redesigning 
organizational forms, adapting working techniques 
and hence personnel qualification, as well as 
management comprehension. Fettig et al.14 mentions 
that companies will have notable challenges in terms 
of flexibility, agility, and inventive capability as a 
result of this digital transition. Workplaces will alter 
in compliance with the reorientation of business 
models along with corporate strategies resulting in 
shifting of work duties. This results in new interfaces, 
as well as the gradual disintegration of structural 
constraints in the organization causing hierarchies to 
change. Therefore, organizational structures will 
change and working culture must evolve to keep in 
line with the pace of technology advancements.15 

A vast range of difficulties and profit margins are 
observed when the domain of Supply network is 
analyzed. Ghadge et al.16 highlighted various 
impediments and proposed a framework for the 
efficient adoption and transfer of the industry 4.0 
concept into supply chains. According to Wu et al.17, 
digitalization is essential for Supply Chain (SC) 
systems to survive in today's highly dynamic and 
competitive corporate environment. The impact of 

wide range of technologies can be seen in this 
development of SC systems. They offer more 
accountability (being totally transparent in nature), 
enhance efficiency of tasks, adjust to adverse 
situations (high adaptability) and have robust built 
quality. The effects of Industry 4.0 can also be seen in 
SC Management (SCM) strategies. These strategies 
optimize and improve the precision of forecasting by 
increasing traceability of materials and products. 
Planning is more effective in nature and performance 
of supplier is enhanced by ensuring connectivity 
throughout the chain. It uses real-time data sharing to 
carry out processes like vehicular routing and 
intelligent warehousing. 

Luthra & Mangla18 inferred that SC parameters like 
material and equipment real time monitoring when 
coupled with Industry 4.0 enabled capabilities can 
help in improving the overall performance of the 
supply chain with the benefit of reduced risks. There 
are huge numbers of articles describing the practical 
deployment of these Industry 4.0 technologies, but 
there is relatively little information about their costs 
and other cost-related aspects.  

This raises the need to analyze the ROI and its 
reliability calculation for sustainability ensuring large 
profits of Industry 4.0. Every organization must 
analyze and determine where the greatest opportunity 
for ROI exists and what may be the best techniques 
for achieving it.19 As an example, the ROI for IoT can 
be derived from efficiency gains realized through 
useful insights offered by data collected from 
machines throughout the value chain. These real-time 
insights must be applied in a way that allows them to 
revolutionize corporate processes and business 
models. A majority of software companies require 
fast solutions provided by upcoming technologies and 
hence need to be cost effective.  

Alami & ElMaraghy20 demonstrated a brief cost-
benefit analysis which highlights the finances 
incurred within the supply chain network in a 
production system. The cost analysis must include a 
discussion of sustainability. More and more 
businesses are aiming to lessen their environmental 
impact. Certain technical solutions may be beneficial 
to the company's performance and profitability, but 
can produce excessive environmental pollution (such 
as, 3D printed parts) throughout the manufacturing 
process. An overview of some cost influencing factors 
specified with respective technology is mentioned in 
Table 1.(21) 
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The high availability of IT systems is a critical 
feature of every manufacturing firm. Various 
hardware and software businesses go to great lengths 
to guarantee that their products include security and 
authentication features22, but each Industry 4.0 
technology must keep security in mind.23 There are 
many cases of security breach involved with software 
companies, even the tech giants like Microsoft and 
Google are attacked, so we can only imagine what 
threat we invite by digitalization of processes. In a 
technologically driven environment, cybersecurity 
plays a key role in protecting organizations from 
losing their competitive edge. The exposure to 
different types of cyber-attacks, which differ both in 
nature and degree of influence, may be able to disrupt 
the working of whole business model.24 

Despite the innumerous benefits of Industry 4.0, 
there exist a lot of unsustainable practices associated 
with it because of increase in consumption of 
resources, information and energy. Such practices 
have made it difficult for the society to be 
ecologically viable, which in turn makes public sector 
to worry about environmental dangers. According to 
Burritt & Christ,25 Industry 4.0 adds a beneficial 
influence towards environment through extensive 
digitalization, which enables accurate and quality rich 
management along with updated process management 
for the external side of environment.  

Frédéric et al.26 suggested a multi-functional model 
for decision-making process that describes levels of 
autonomy. Their extensive work shows that inter-
related applications of Industry 4.0 are bound to 
increase the autonomy in production systems, 

including operators and production equipment. This is 
important to the notion of intelligent factories, and it's 
not unexpected that a number of experimental projects 
have focused on decision-making from database 
management in manufacturing across a wide range of 
topics including design, scheduling, planning, and 
processing.27 This will result in faster and effective 
results without compromising quality of the product 
or service. Lucas et al.28 provides a substructure for 
the division of Industry 4.0 into Decision Making 
(DM) and Quality Management (QM). The study 
extensively shows the different views of researchers 
and shows that decision making will be enhanced in 
the future with a sustainable practice of integration 
with upcoming trends. 

Experimental Details 
The methodology adopted to predict the effect of 

industry 4.0 on automotive industry by generation of 
ISM model is shown in Fig. 1.

Identification of Significant Factors Influencing Automobile 
Industry 

From extensive literature work mentioned above, a 
list with 25 factors was selected. These factors were 
consulted and discussed upon with some industry 
experts. Through brainstorming from these experts, 
total of 10 final factors were selected suitable for this 
research: 

1. Supply Chain Management29

2. Skilling and training30

3. Employment disruption31

4. Organisational structure 32

Table 1 — Cost influencing factors of different technologies 

Technology Important Cost influencers
IoT Specific Hardware (Smart sensors and executors, Signal Processing systems), Software deployment and system 

integration(network expansion and security costs), Maintenance  
Big Data Data collection systems, Data storage and distribution system, Maintenance and support  
Cloud Computing External Service Provider, Cloud service (software, platform or infrastructure service), total capacity used (storage 

space), Location of Cloud, Full/Part time usage, future capacity trend (reduction or expansion) 
Augmented Reality Display Platform (Smart devices and Headset displays), Library packages, Development environment, Maintenance 
3D printing Machine Cost, Raw Material, Additional Equipment (customization), Product compactness, Maintenance  

Fig. 1 — Step wise methodology depicting research process 
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5. Resource ranagement33

6. Environmental sustainability34

7. Advancement in technology35

8. Cost effectiveness36

9. Decision Making37

10. Security and privacy38

Interpretive Structural Model 
In this research, ISM technique is utilized to 

investigate and describe the links between the 
identified factors that affect Industry 4.0. ISM is a 
well-established interactive method for organizing 
directly or indirectly connected variables into a 
unified framework. For this research we have used 
online software called Smart Interpretive Structural 
Modeling.39 Following are the steps of methodology 
adopted in the ISM model.

- Identification and listing of factors affecting the
system under consideration (Industry 4.0).

- Development of Structural Self-Interacting Matrix
(SSIM) for the identified factors to show pair
wise relationship among factors.

- Development of the initial Reachability matrix
from SSIM.

- The Reachability matrix developed in 5 steps is
partitioned into different levels.

- Finally, the hierarchies of the chosen factors are
formed.

- Directed graphs are obtained by linking up the
vertices or nodes and the resulting graph is
converted to an ISM model.

Development of Structural Self-Interacting Matrix (SSIM) 
As shown in Table 2, SSIM is built using 

contextual linkages formed amongst the factors after 
considering expert comments (using symbols V, A, X 
and O). After defining the link between two factors (i 
and j) and the direction of the relationship, we 
engaged to confirm the influence that had been 
identified. The associated orientation of the 
relationship between two factors is denoted by four 
symbols mentioned below. 
Symbols to define relationships: 
V → Row variable influences corresponding column 

variable 
A → Row variable is influenced by corresponding 

column variable 
X → Row and corresponding column variable 

influence each other 
O → Row and corresponding column variable have 

no relationship 

Formation of Initial Reachability Matrix (IRM) 
In this step, the 4 symbols used in the SSIM 

namely V, O, A and X were replaced by binary values 
‘1’ and ‘0’ (Table 3). The following rules were used 
for the substitution: 

Table 2 — Structural self-interacting matrix SSIM 
Variables  1 2 3 4 5 6 7 8 9 10 

1 Supply Chain Management A O O V O A V A O 
2 Skilling and Training O A O V A V V V 
3 Employment disruption A A O A O A O 
4 Organisational Structure  O O A O A O 
5 Resource Management  V A V A V 
6 Environmental Sustainability  A O A O 
7 Advancement in technology V V V 
8 Cost effectiveness A O 
9 Decision Making V 
10 Security and Privacy 

Table 3 — Initial Reachability Matrix 
Variables  1 2 3 4 5 6 7 8 9 10 

1 Supply Chain Management 1 0 0 0 1 0 0 1 0 0 
2 Skilling and Training 1 1 0 0 0 1 0 1 1 1 
3 Employment disruption 0 0 1 0 0 0 0 0 0 0 
4 Organisational Structure 0 1 1 1 0 0 0 0 0 0 
5 Resource Management 0 0 1 0 1 1 0 1 0 1 
6 Environmental Sustainability 0 0 0 0 0 1 0 0 0 0 
7 Advancement in technology 1 1 1 1 1 1 1 1 1 1 
8 Cost effectiveness 0 0 0 0 0 0 0 1 0 0 
9 Decision Making 1 0 1 1 1 1 0 1 1 1 
10 Security and Privacy 0 0 0 0 0 0 0 0 0 1 
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- V, If 'i' is predictor of 'j', then (i, j) is 1 and (j, i) is 0
- A, If 'j' is predictor of 'i' then (j, i) is 1 and (ij)is 0
- X, If 'i' and 'j' predict each other then (i, j) is 1 and

(j, i) is 1 
- O, If no predict each other then (i, j) is 0 and (j, i)

is 0
where, 
- ‘i’ is row element
- ‘j’ is column element

Formation of Final Reachability Matrix (FRM) 
Transitivity was applied in the initial reachability 

matrix as per the rule that if variable “a” is related to 
variable “b” and variable “b” is related to variable “c” 
then variable “a” will be necessarily related to 
variable “c”. After performing transitivity, final 
reachability matrix was deduced by mentioning the 
transitive element as “1” instead of “0” (Table 4). 

Level of Variables (Level Partitioning) 
The Reachability set and Antecedent set were 

created (Table 5). Reachability set is the set of factors 
which a single factor influences or has influence 
upon. Antecedent set consists of the factor itself and 
the factors on which it depends. Out of these two sets, 
the common element is determined and placed in the 
intersection set. Level partition is now carried on this. 

In level partitioning, the process of eliminating 
factors is done. For the first level, a factor in the 
reachability set is chosen which has the same 
elements as the intersection set. This factor or factors 
are then placed on 1st level and cancelled out from all 
the sets. Then this process is repeated for the second 
level ignoring all the first level factors and so on. 
Finally, all the level partitioning is done and now our 
model is ready. 

MICMAC Analysis 
MICMAC analysis is performed of the above 

mentioned 10 factors on the basis of driving and 

dependence power. Both powers are calculated by 
adding up the units in the respective rows for driving 
power and in respective columns for dependence 
power. In order to obtain the results, the components 
were classified to validate the interpretive structural 
model factors. The values hence obtained are plotted 
on a graph via the SmartISM39 software as shown in 
Fig. 2. 

Results and Discussion 
The data analysis provides a sense of how the 

factors are influencing this paradigm shift of Industry 
4.0 in the Indian automobile industry. The model 
generated (from SmartISM39) has 5 levels of 
hierarchy (Fig. 3). The factor which influences the 
most is “advancement in technology” and hence it 
takes the bottom position at level 1. All the other 
factors are affected by it and any change in 
technology will result in changes in other factors. This 
is quite appropriate in considering that industry 4.0 is 
basically bringing more automation towards all the 
aspects of the auto-chain.  

The 2nd level consists of 3 factors: skilling and 
training, organizational structure and decision 
making. These factors are equally likely to affect each 
other and the factors on level 3–5. With the onset of 

Table 4 — Final Reachability Matrix 

 Variables 1 2 3 4 5 6 7 8 9 10 Driving Power 
1 Supply Chain Management 1 0 1* 0 1 1* 0 1 0 1* 6 
2 Skilling and Training 1 1 1* 1* 1* 1 0 1 1 1 9 
3 Employment disruption 0 0 1 0 0 0 0 0 0 0 1 
4 Organisational Structure 1* 1 1 1 1* 1* 0 1* 1* 1* 9 
5 Resource Management 0 0 1 0 1 1 0 1 0 1 5 
6 Environmental Sustainability 0 0 0 0 0 1 0 0 0 0 1 
7 Advancement in technology 1 1 1 1 1 1 1 1 1 1 10 
8 Cost effectiveness 0 0 0 0 0 0 0 1 0 0 1 
9 Decision Making 1 1* 1 1 1 1 0 1 1 1 9 
10 Security and Privacy 0 0 0 0 0 0 0 0 0 1 1 
 Dependence Power 5 4 7 4 6 7 1 7 4 7 

1* denotes the change in value of the element from 0 to 1 by incorporating transitivity 

Table 5 — Level Partitioning 

Elements Reachability Set Antecedant Set Intersection Set Level 

1 1 1, 2, 4, 7, 9 1 3 
2 2, 4, 9 2, 4, 7, 9 2, 4, 9 4 
3 3 1, 2, 3, 4, 5, 7, 9 3 1 
4 2, 4, 9 2, 4, 7, 9 2, 4, 9 4 
5 5 1, 2, 4, 5, 7, 9 5 2 
6 6 1, 2, 4, 5, 6, 7, 9 6 1 
7 7 7 7 5
8 8 1, 2, 4, 5, 7, 8, 9 8 1 
9 2, 4, 9 2, 4, 7, 9 2, 4, 9 4 
10 10 1, 2, 4, 5, 7, 9, 10 10 1 
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an adamant technological revolution, a more skilled 
workforce has become a necessity. Enhanced skills 
for operation of machines and executive training are 
required to ensure the quality and reap benefits of 
Industry 4.0 technologies. Existing organizational 
structure will change with the introduction of robots 
or automated machines as employee’s engagement 
with the product or services are impacted. Also, for 
every company, decision making is a very crucial and 
delicate matter as it helps in making thoughtful 
decisions through classifying and identifying useful 
information and defining alternatives. 

The 3rd level comprises of Supply Chain 
Management. Given the importance of this factor, 
it has taken an optimal central place among 
all the factors. The only thing separating it from 
Resource Management at level 4 is the fact that SC 
has more driving power. It can be inferred that Supply 
Chain is the backbone of automobile market and 
various processes of SC affect the working of entire 
industry; from acquiring raw materials for 
manufacturing to product retail. Also, both these 
factors come under linkage variables (Fig 2), as they 
form a link between dependent (Level 5) and 
independent variables (Level 1 & 2). 

The 5th level has 4 factors: Environmental 
sustainability, cost effectiveness, employment 
disruption and security and privacy. They have no 
influence on any other factor and changes in these 
factors will not impact others, but they have very 
important roles as they are most likely to predict the 
impact of Industry 4.0 on automobile industry. Any 
technological advancement results in indirectly 
affecting the environment. Among other 
environmental factors, most important concern is the 
waste disposal system. We are not yet capable of 
disposing off E-waste. Moreover, rise in population 
will cause resources to deplete fast and if we do not 
find a way to balance our needs and recycle products 
the results can be catastrophic. This calls for 
sustainable practices to ensure environment is not 
impacted with development. 

The overall cost of manufacturing and machines is 
reduced if profits are analyzed for long term 
investment. Also, with current cyber threats 
highlighted with the digitalization, they have 
raised a high concern among the masses. In Industry 
4.0 era, the command of the product or service 
ultimately remains with the authorized code 
personnel. Any compromise on security will affect 
the whole business operation, and in some cases 
safety of consumer will be affected. Secondly, the 
question of reliability raises that if something goes 
wrong with the product or service which party will be 
held accountable or who will be responsible for 
damage. On the other hand, job profiles in 
cybersecurity will be in high demand. The Indian 
Auto-market consists of massive capital and it 
provides a base for large amounts of employment 
opportunities. With the onset of digitalization and 
automation it is set to have an impact on these job 
platforms extensively. If changes in technology are 

Fig. 2 — MICMAC analysis of factors affecting automobile
industry 

Fig. 3 — Final model generated-ISM based hierarchical model 
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not adapted by any organization they might be 
outmatched by others in competitiveness. 

The results conclude that advancement in 
technology will customize the Indian Automobile 
industry in every aspect of its structure. The influence 
degree of Industry 4.0 will be massive and 
transformational in nature. This calls for preparations 
so that India can grow in a sustained and 
economically efficient manner. There are various 
challenges associated with Industry 4.0 which needs 
to be addressed.  

The MICMAC analysis allowed us to classify the 
factors into 4 quadrants with varying degrees of 
dependence and driving power. Factors 7, 2, 4 and 9 
have a high percentage of driving power (7 being with 
the highest), whereas the factors with high percentage 
of dependence power are 3, 6, 8, and 10. Factors no. 1 
and 5 are linkage factors which form a connection 
between the dependent and driving factors. Such 
classification allows us to clearly see which areas or 
factors should be focused upon and prioritized for 
improvement.  

For Indian automobile industry, this model 
provides a better understanding of impact created by 
industry 4.0 by studying different factors of industry 
4.0. Also, this study will help in taking preventive 
measures in order to lower the challenges and also to 
prepare for a new era of industry where many things 
will be automated. We have listed some factors like 
employment disruption & security and privacy. These 
factors will portray a negative impact on society. 
Having knowledge about these factors will help to 
determine their effect and then there can be multiple 
actions taken to improve the condition. 
 

Conclusions 
The objective of this study is achieved with the 

analysis of various factors of Industry 4.0 which will 
impact the automobile industry in India. Biasing of 
expert’s opinions may be the limitation of this study. 
Findings may help the organizations to understand the 
impact of Industry 4.0 and will further aid in 
optimizing their strategies with the market 
accordingly. The study recommends that along with 
private players the government also needs to put 
initiatives for the smooth transitioning of Industry 4.0 
and acts as a base for researchers to look into its 
effects. 

In the future, SEM might be utilized to evaluate 
and validate this study's model. It is also suggested 
that researchers undertake a large-scale survey by 

expanding the data collection and increasing the 
number of facilitators in order to acquire better 
findings. More such research will greatly assist 
practitioners and industry personnel in improving 
organizational performance and more effectively 
achieving the intended organizational goals. 
 
References 
1 Barreto L, Amaral A & Pereira T, Industry 4.0 implications 

in logistics: an overview, Procedia Manuf, 13 (2017) 1245–
1252. 

2 Hermann M, Pentek T & Otto B, (2015), Design Principles 
for Industrie 4.0 Scenarios: A Literature Review, 49th 
Hawaii Intl Conf System Sciences (HICSS), (Koloa, HI, 
USA) 2016, DOI: 10.1109/HICSS.2016.488. 

3 Dalenogare L S, Benitez G B, Ayala N F & Frank A G, The 
expected contribution of Industry 4.0 technologies for 
industrial performance, Int J Prod Econ, 204 (2018) 383–394. 

4 Kamble S S, Gunasekaran A & Sharmac R, Analysis of the 
driving and dependence power of barriers to adopt industry 
4.0 in Indian manufacturing industry, Comput Ind, 101 
(2018) 107–119. 

5 https://www2.deloitte.com/content/dam/Deloitte/ch/Documents/ 
manufacturing/ch-en-manufacturing-industry-4-0-24102014.pdf 
 (accessed on 5 January 2022). 

6 Sarvari P A, Ustundag A, Cevikcan E & Kaya I, Technology 
Roadmap for Industry 4.0, in Industry 4.0: Managing The 
Digital Transformation, edited by A Ustundag & E Cevikcan 
(Springer, India), 2018, 95–103.  

7 Hofmann E & Rusch M, Industry 4.0 and the current status 
as well as future prospects on logistics, Comput Ind, 89 
(2017) 23–34. 

8 Maisiri W, Darwish H & van Dyk L, An investigation of 
Industry 4.0 skills and requirements, S Afr J Indl Eng, 30(3) 
(2019) 90–105.  

9 Benešová A & Tupa J, Requirements for education and 
qualification of people in Industry 4.0, Procedia Manuf, 11 
(2017) 2195–2202. 

10 Schallock B, Rybski C, Jochem R & Kohl H, Learning 
factory for Industry 4.0 to provide future skills beyond 
technical training, Procedia Manuf, 23 (2018) 27–32. 

11 Fareri S, Fantoni G, Chiarello F, Coli E, & Binda A, 
Estimating Industry 4.0 impact on job profiles and skills 
using text mining, Comput Ind, 118 (2020) 103222.  

12 https://unemploymentinindia.cmie.com/ (accessed on 5 
March 2022). 

13 https://www.forbes.com/sites/bernardmarr/2016/04/25/surpri
singly-these-10-professional-jobs-are-under-threat-from-big-
data/?sh=64da5ee17426 (accessed on 1 March 2022). 

14 Fettig K, Gačić T, Köskal A, Küh A n & Stuber F, Impact of 
Industry 4.0 on organizational structures, IEEE Int Conf Eng 
Technol Innov (ICE/ITMC) (Stuttgard), 2018, 1–8. 

15 Haun M, Cognitive Organization - Prozessuale und 
funktionaleGestaltung von Unternehmen (Springer Vieweg) 
2016, 373–376. 

16 Ghadge A, Er K M, Moradlou H & Goswami M, The impact 
of Industry 4.0 implementation on supply chains, J Manuf 
Technol Manag, 31(4) (2020) 669–686. 



FAUZDAR et al.: MICMAC ANALYSIS OF INDUSTRY 4.0 IN INDIAN AUTOMOBILE INDUSTRY 
 
 

881

17 Wu L, Yue X, Jin A & Yen D C, Smart supply chain 
management: a review and implications for future research, 
Int J Logist Manag, 27(2) (2016) 395–417. 

18 Luthra S & Mangla S K, Evaluating challenges to Industry 
4.0 initiatives for supply chain sustainability in emerging 
economies, Process Saf Environ Prot, 117 (2018) 168–179. 

19 https://www.rubusdigital.com/cost-benefit-analysis-of-
industry-4-0/ (accessed on 28 February 2022). 

20 Alami D & ElMaraghy W, A cost benefit analysis for 
industry 4.0 in a job shop environment using a mixed integer 
linear programming model, J Manuf Syst, 59 (2021) 81–97. 

21 https://www.academia.edu/38929976/Overview_of_industry_4.
0_tools_for_cost-benefit_analysis (accessed on 3 March 2022). 

22 Rana S, Mewari R & Nautiyal L, Anti-theft security system 
for vehicles, Int J Eng Technol, 7 (2018) 42–46.  

23 Yosef A & Qusay M, Cyber physical systems security: 
Analysis, challenges and solutions, Comput & Secur, 68 
(2017) 81–97. 

24 Lezzi M, Lazoi M & Corallo A, Cybersecurity for Industry 
4.0 in the current literature: a reference framework, Comput 
Ind, 103 (2018) 97–110. 

25 Burritt R & Christ K, Industry 4.0 and environmental 
accounting: a new revolution? Asian J Sust Soc Resp, 1 
(2016) 23–38. 

26 Rosin F, Forget P, Lamouri S, Pellerin, R. (2021). Industry 
4.0 and Decision Making. In: Advances on Mechanics, 
Design Engineering and Manufacturing III edited by L 
Roucoules, M Paredes, B Eynard, P Morer Camo, C Rizzi. 
(Springer, Cham) 2020, 400–405. https://doi.org/10.1007/ 
978-3-030-70566-4_63 

27 Osterrieder P, Budde L & Friedli T, The smart factory as a 
key construct of Industry 4.0: a systematic literature review, 
Int J Prod Econ, 221 (2019) 107476. 

28 Goecks L S, Santos A A & Korzenowski A L, Decision-
making trends in quality management: a literature review 
about Industry 4.0, Prod, 30 (2020) e20190086. 

29 Tjahjono B, Esplugues C, Ares E & Pelaez G, What does 
Industry 4.0 mean to supply chain, Procedia Manuf, 13 
(2017) 1175–1182. 

30 Marmier F, Deniaud I, Rasovska I & Michalak J L, Towards 
a proactive vision of the training for the 4.0 Industry: From 
the required skills diagnostic to the training of employees, 
17th IFAC Symposium on Information Control Problems in 
Manufacturing INCOM 2021 (Budapest, Hungary) 2021, 
1144–1149. 

31 Ejsmont K, The Impact of Industry 4.0 on employees—
Insights from Australia, Sustain, 13 (2021) 3095. 

32 Gajdzik B & Wolniak R, Influence of Industry 4.0 projects 
on business operations: literature and empirical pilot studies 
based on case studies in Poland, J Open Innov, 8 (2022) 44. 

33 Krstić M, Agnusdei G, Miglietta P P, Tadić S & Roso V, 
Applicability of Industry 4.0 technologies in the reverse 
logistics: a circular economy approach based on 
comprehensive distance based ranking (COBRA) method, 
Sustain, 14 (2022)5632. 

34 Javaid M, Haleem A, Singh R P, Suman R & Gonzalez E S, 
Understanding the adoption of Industry 4.0 technologies in 
improving environmental sustainability, Sustain Operat 
Comput, 3 (2022) 203–217. 

35 Khalid H, Hashim S, Ahmad S, Hashim F & Chaudhary M, 
Cybersecurity in Industry 4.0 context: background, issues, 
and future directions, in The Nine Pillars of Technologies for 
Industry 4.0, 2020, 263–307. 

36 Vaidya S, Ambad P & Bhosle S, Industry 4.0 – a glimpse, 
Procedia Manuf, 20 (2018) 233–238. 

37 Rosin F, Forget P, Lamouri S & Pellerin R, Enhancing the 
decision-making process through Industry 4.0 technologies, 
Sustain, 14(1) (2022) 461. 

38 Yang F & Gu S, Industry 4.0, a revolution that requires 
technology and national strategies, Complex Intel Syst, 7 
(2021) 1311–1325. 

39 https://smartism.sgetm.com/ (accessed on 20 January 2022). 
 
 
 


