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of Management: A Review

Abstract
Purpose: The purpose of this review paper is to provide an overview of the impact 
of Industry 4.0 on the functions of management. The paper aims to identify the 
key themes and trends in the existing literature and research on the topic, and to 
provide insights into how Industry 4.0 is shaping the role of managers in today's 
business environment.

Approach: The approach used in this review paper is a comprehensive analysis 
of 56 peer-reviewed articles published between 2014 and 2021. The articles 
were obtained through a systematic search of electronic databases using specific 
keywords, and were reviewed and analyzed for their relevance to the research 
question, key themes and trends, and methodological rigor.

Findings: The review identifies several key findings on the impact of Industry 4.0 
on the functions of management, including the need for real-time data availability 
and predictive maintenance to inform planning processes, the increased use 
of automation and robotics in manufacturing and the resulting impact on the 
workforce, the need for new leadership skills to manage the digital transformation 
of organizations, and the increased use of data analytics and new quality control 
systems in manufacturing.

Implications: The findings of this review paper have several implications for 
managers, researchers, and policymakers. The paper suggests that managers need 
to invest in new technologies, adapt organizational structures, reorganize the 
workforce, and develop a culture of innovation and collaboration to successfully 
navigate the challenges brought by Industry 4.0. Managers must also consider the 
ethical and social implications of data collection and analysis and ensure greater 
transparency and accountability in the use of data.

Originality/Value: This review paper offers a valuable contribution to the field by 
synthesizing the key findings and themes from a range of existing literature and 
research on the impact of Industry 4.0 on the functions of management. The paper 
highlights the ways in which Industry 4.0 is shaping the role of managers in today's 
business environment, and provides insights and implications for managers, 
researchers, and policymakers. The paper also identifies the need for managers 
to adapt and invest in new technologies, reorganize their workforce, and develop 
a culture of innovation and collaboration to successfully navigate the challenges 
brought by Industry 4.0.
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technology

Received: 03-Mar-2023, Manuscript No. gmj-23-90717; Editor assigned:  06-Mar-
2023, PreQc No. gmj-23-90717; Reviewed: 20-Mar-2023, QC No. gmj-23-90717; 
Revised: 25-Mar-2023, Manuscript No. gmj-23-90717 (R); Published: 31-Mar-2023, 
DOI: 10.36648/1550-7521.21.61.356



ARCHIVOS DE MEDICINA
ISSN 1698-9465

2023
Vol.21 No.61:356

2

Global Media Journal  
ISSN 1550-7521

This article is available in: http://www.globalmediajournal.com

Introduction 
Industry 4.0, the integration of advanced technologies into 
manufacturing processes, has been touted as the next step in 
the evolution of the manufacturing industry. The convergence 
of physical and digital technologies, including the Internet of 
Things (IoT), big data, and artificial intelligence, has created a 
more connected and efficient manufacturing ecosystem [1]. 
While Industry 4.0 has significant potential to transform the 
manufacturing industry, it also has the potential to change the 
way managers perform their functions.

The purpose of this review is to explore how Industry 4.0 is 
impacting the functions of management, including planning, 
organizing, leading, and controlling. This is a topic of growing 
interest for researchers and practitioners alike, as the digital 
transformation of organizations has become increasingly 
important for staying competitive in today's business environment.

As businesses strive to embrace Industry 4.0, the role of managers 
has been subject to change. The integration of advanced 
technologies into manufacturing processes has led to a shift 
from traditional planning processes to more agile and responsive 
planning processes that require real-time data availability and 
predictive maintenance [2] This change in planning processes has 
significant implications for the way manager’s approach planning 
functions.

Similarly, the increased use of automation and robotics in 
manufacturing has led to the reorganization of the workforce and 
the need for new skill sets to support the use of new technologies 
[2] this shift in workforce requirements requires managers to 
adapt organizational structures to support the development and 
implementation of new digital technologies [3].

The impact of Industry 4.0 on leadership has also been significant. 
New leadership skills are required to manage the digital 
transformation of organizations, and employee empowerment 
and engagement have become essential for driving innovation 
and collaboration [4]. The development of new leadership 
structures is necessary to support the use of new technologies 
and the changing nature of work.

Finally, the increased use of data analytics and new quality 
control systems in manufacturing has led to greater transparency 
and accountability in the use of data and information. However, 
managing the ethical and social implications of data collection 
and analysis has become a challenge for managers.

This review aims to provide an overview of the existing literature 
on the impact of Industry 4.0 on the functions of management. 
Specifically, the review will examine how Industry 4.0 is shaping 
the way managers approach the functions of planning, organizing, 
leading, and controlling. By identifying key themes and trends in 
the literature, this review will offer insights into the ways in which 
Industry 4.0 is changing the role of managers in today's business 
environment. The review will also address potential challenges 
and opportunities that managers may face in implementing 
Industry 4.0 in their organizations.

Methodology 
The present review is based on a comprehensive analysis of 
56 peer-reviewed articles published between 2014 and 2021, 
obtained through a systematic search of electronic databases 
such as Scopus, Web of Science, and Google Scholar [5-7]. The 
search terms used for the database search included "Industry 
4.0," "management," "digital transformation," "manufacturing," 
and "technology [8, 9]. The inclusion criteria for the selection of 
articles were that they should be peer-reviewed, focus on the 
impact of Industry 4.0 on the functions of management, and be 
published between 2014 and 2021. Articles that did not meet 
these criteria were excluded from the review [10-12].

The articles were reviewed and analyzed for their relevance to the 
research question, key themes and trends, and methodological 
rigor. The analysis involved a close reading of the articles and the 
identification of key themes and trends in the literature (Aitken et 
al., 2020; Kim & Lee, 2019; Liu et al., 2020). These themes were 
then organized and synthesized to provide a comprehensive 
overview of the impact of Industry 4.0 on the functions of 
management [13-15].

To ensure the quality of the review, the researchers followed 
a rigorous process of selection and analysis, as well as double-
checking of the results by another researcher [16-18]. Despite 
the rigorous process, the review has some limitations. First, the 
search terms used may have excluded some relevant articles. 
Second, the inclusion criteria may have missed some articles 
that could have contributed to the review. Finally, the review 
focused only on articles published in English, which may have 
excluded relevant articles published in other languages [19, 20]. 
However, despite these limitations, the present review provides a 
comprehensive and systematic analysis of the impact of Industry 
4.0 on the functions of management, and offers insights into how 
Industry 4.0 is shaping the role of managers in today's business 
environment [21, 22].

Terminologies
Industry 4.0: Industry 4.0 is a term used to describe the fourth 
industrial revolution, which involves the integration of digital 
technologies into manufacturing processes [23] The goal of 
Industry 4.0 is to create smart factories that are more efficient, 
sustainable, and flexible by utilizing advanced technologies such 
as the internet of things (IoT), artificial intelligence (AI), and 
big data (Wong & Teo, 2018). This has significant implications 
for businesses, as it allows them to automate many processes, 
reduce costs, and improve their products and services.

Management Functions: Management functions refer to the core 
responsibilities of managers, which include planning, organizing, 
leading, and controlling [24], Planning involves setting goals and 
objectives, and developing strategies to achieve them. Organizing 
involves structuring the resources of the organization to achieve 
its goals. Leading involves motivating and inspiring employees to 
work towards the goals of the organization. Controlling involves 
monitoring progress towards goals and making adjustments to 
ensure that objectives are met. These functions are critical to the 
success of any organization, as they help ensure that resources 
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are used effectively and efficiently.

Industrialization: The first industrial revolution began in the late 
18th century and was marked by the introduction of mechanized 
production through water and steam power. The second industrial 
revolution began in the late 19th century and saw the introduction 
of mass production through electricity and the assembly line. The 
third industrial revolution, also known as the digital revolution, 
began in the late 20th century with the widespread use of 
computers and automation [25], The term Industry 4.0 was 
first introduced by the German government in 2011 to describe 
their vision for the future of manufacturing [25] Since then, the 
concept has gained significant attention in the business world as 
a result of its potential to transform the manufacturing industry. 
As companies continue to embrace Industry 4.0 technologies, 
it is important for managers to understand the evolution of 
industrial revolutions and the unique features of Industry 4.0 in 
order to effectively navigate the digital transformation of their 
organizations.

Findings and Analysis
The analysis of the 56 peer-reviewed articles revealed several key 
themes and trends in the literature on the impact of Industry 4.0 
on the functions of management. These themes are discussed 
below.

Planning: Industry 4.0 has had a significant impact on the planning 
function of management. One of the key changes brought about 
by Industry 4.0 is the availability of real-time data and the ability 
to analyze that data in order to make better decisions. This has 
led to a shift from traditional long-term planning to more agile 
and responsive planning processes [26].

Moreover, Industry 4.0 has made it possible to implement 
predictive maintenance and quality control systems, which help 
companies to optimize their production processes and reduce 
waste [27]. In addition, Industry 4.0 has also made it possible to 
implement more efficient supply chain management systems, 
which enable companies to respond quickly to changes in 
demand and ensure that their production processes are more 
closely aligned with customer needs [28].

Organizing: Industry 4.0 has also had a significant impact on the 
organizing function of management. One of the key changes is 
the increased use of automation and robotics in production 
processes. This has led to the need for managers to reorganize 
their workforce and develop new skill sets [29].

Moreover, the use of digital technologies in organizing has enabled 
companies to implement more efficient and flexible production 
processes, which can be adapted to changes in demand (Parker et 
al., 2017). This has also led to the development of new business 
models, such as servitization, where companies offer services in 
addition to products, in order to provide more value to customers 
[30].

Leading: Industry 4.0 has also had an impact on the leading 
function of management. One of the key changes is the need for 
managers to develop new leadership skills to manage the digital 
transformation of their organizations [31]. This includes the 
ability to lead cross-functional teams, collaborate with external 

partners, and develop innovative business models.

Moreover, the use of digital technologies has led to the 
development of new leadership structures, such as distributed 
leadership, where decision-making is shared among different 
members of the organization (Kianto et al., 2020). This has also led 
to a greater focus on employee empowerment and engagement, 
as companies seek to leverage the skills and knowledge of their 
employees to drive innovation and improve productivity [32].

Controlling: Finally Industry 4.0 has had an impact on the 
controlling function of management. One of the key changes 
is the increased use of data analytics to monitor and control 
production processes [32] this has made it possible to detect and 
address problems in real-time, reducing downtime and improving 
efficiency.

Moreover, Industry 4.0 has also led to the development of new 
quality control systems, such as computer vision and machine 
learning, which can help to identify defects and ensure that 
products meet high standards of quality [33], This has also led 
to a greater emphasis on transparency and accountability, as 
companies seek to build trust with customers and stakeholders 
[34] (Table 1).

The literature review of 56 peer-reviewed articles on the impact 
of Industry 4.0 on the functions of management has revealed 
several key issues and trends. In terms of planning, the need for 
real-time data availability and predictive maintenance to inform 
planning processes has emerged as a key issue [34] The shift from 
long-term planning to agile and responsive planning processes 
has also been identified as a trend [35, 36].

In terms of organizing, the increased use of automation and 
robotics in manufacturing and the resulting impact on the 
workforce has been identified as a key issue. The need to 
reorganize the workforce and develop new skill sets to support 
the use of new technologies has also been identified (Westerman 
et al., 2015; Rüßmann et al., 2015). The importance of adapting 
organizational structures to support the development and 
implementation of new digital technologies has also been 
highlighted as a key trend [37, 38].

In terms of leading, the need for new leadership skills to manage 
the digital transformation of organizations has been identified as 
a key issue [39, 40]. The importance of employee empowerment 
and engagement in driving innovation and collaboration has 
also been identified as a trend [41]. The development of new 
leadership structures to support the use of new technologies 
and the changing nature of work has also been identified as a key 
trend [41, 42].

Finally, in terms of controlling, the increased use of data analytics 
and new quality control systems in manufacturing has been 
identified as a key trend [43]. The need for greater transparency 
and accountability in the use of data and information has also 
been highlighted as a key issue [43]. The challenge of managing 
the ethical and social implications of data collection and analysis 
has also been identified [44].

Overall, the literature review has revealed a significant shift in the 
way managers approach the functions of planning, organizing, 
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S/N Focus Key Issues How Influenced by Industry 4.0 Key Findings References
1 Planning Improved efficiency, real-time data 

analysis, supply chain optimization, 
and flexibility.

Integration of automation, IoT, and 
robotics has transformed planning 

function.

Improved production schedules, 
reduced waste, and cost savings.

Bauernhansl et 
al. (2014)

2 Planning Improved decision-making and real-
time supply chain monitoring.

Real-time data collection and 
analysis have transformed the 

supply chain planning function.

Optimization of supply chains, 
reduced waste, and improved 

delivery times.

Lasi et al. (2014)

3 Organizing Increased customer satisfaction and 
loyalty.

Flexibility and customization have 
transformed the organizing function.

Diverse product offerings and 
on-demand production.

Kagermann et al. 
(2013)

4 Controlling Increased risk of cyber-attacks and 
security breaches.

Cybersecurity and risk management 
are essential components of 

controlling function.

Managers must plan for 
cybersecurity and risk 

management.

Shen et al. 
(2019)

5 Planning Improved communication and 
collaboration between stakeholders.

Enhanced communication and 
collaboration have transformed the 

planning function.

Increased transparency, 
communication, and 
collaboration across 

departments and organizations.

Merkert et al. 
(2018)

6 Planning Improved supply chain visibility and 
decision-making.

Real-time data collection and 
analysis have transformed the 

supply chain planning function.

Improved supply chain efficiency 
and reduced waste.

Sarkis et al. 
(2018)

7 Planning Increased flexibility in production 
processes.

Integration of advanced 
technologies has led to more flexible 

and agile production processes.

Reduced lead times, increased 
customization, and better 

product quality.

Ren et al. (2018)

8 Controlling Predictive maintenance has 
enabled cost savings and improved 

maintenance planning.

Predictive maintenance is a crucial 
component of the controlling 

function.

Reduced downtime and 
increased equipment lifespan.

Parida et al. 
(2019)

9 Planning Real-time monitoring and feedback 
are essential for efficient and effective 

planning function.

Real-time monitoring and feedback 
have transformed the planning 

function.

Increased efficiency, reduced 
downtime, and improved 

product quality.

Li et al. (2017)

10 Planning Just-in-time production is an essential 
component of the planning function.

Just-in-time production has enabled 
cost savings and improved supply 

chain efficiency.

Reduced waste and inventory 
costs.

Parida et al. 
(2018)

11 Planning Real-time inventory tracking is an 
essential component of the planning 

function.

Real-time inventory tracking has 
improved inventory management 

and reduced waste.

Improved inventory 
management and customer 

satisfaction.

Li et al. (2017)

12 Planning Accurate demand forecasting and 
capacity planning are essential for 
efficient production planning and 

scheduling.

Demand forecasting and capacity 
planning are critical components of 

the planning function.

Improved demand forecasting, 
production planning, and 

scheduling.

Geissbauer et al. 
(2016)

13 Controlling Predictive quality control is an 
essential component of the 

controlling function.

Predictive quality control allows 
for continuous improvement of 

production processes.

Reduced waste and improved 
product quality.

Parida et al. 
(2018)

14 Organizing Improved workforce planning and 
scheduling.

Integration of advanced 
technologies has led to better 

tracking and analysis of workforce 
data.

Improved workforce utilization 
and increased efficiency.

Riedel et al. 
(2015)

15 Organizing Enhanced collaboration and 
communication between suppliers 

and customers.

Improved collaboration and 
communication has transformed the 

organizing function.

Better supply chain management 
and customer satisfaction.

Marodin & 
Saurin (2019)

16 Planning Improved tracking and analysis of 
energy consumption in production 

processes.

Improved tracking and analysis 
of energy consumption has 

transformed the planning function.

Energy savings and cost 
reductions.

Gharbi et al. 
(2019)

17 Organizing Increased use of 3D printing 
technology.

3D printing has led to increased 
flexibility and customization in 

organizing function.

Increased customization and 
agility.

Manzini et al. 
(2019)

18 Organizing Augmented reality and virtual reality 
have transformed the organizing 

function.

Improved communication and 
collaboration and enhanced 

customer experience.

Increased efficiency, reduced 
costs, and improved customer 

satisfaction.

Aman et al. 
(2018)

Table 1. The literature review of 56 peer-reviewed articles on the impact of Industry 4.0 on the functions of management has revealed several key 
issues and trends.
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S/N Focus Key Issues How Influenced by Industry 4.0 Key Findings References
19 Leading Improved leadership and decision-

making with the integration of AI and 
big data analytics.

Integration of AI and big data 
analytics has led to more informed 

decision-making.

Improved decision-making and 
increased efficiency.

Ziaee Bigdeli et 
al. (2019)

20 Controlling The integration of advanced 
technologies has increased the 
importance of data analytics in 

controlling function.

Data analytics is essential for 
identifying trends and potential 

issues.

Improved identification and 
resolution of issues.

Li et al. (2018)

21 Planning The integration of advanced 
technologies has enabled predictive 
maintenance in planning function.

Predictive maintenance has led 
to cost savings and improved 

maintenance planning.

Reduced downtime and 
increased equipment lifespan.

Wuest et al. 
(2016)

22 Organizing Integration of advanced technologies 
has led to increased automation in 

organizing function.

Automation has led to improved 
efficiency and reduced labor costs.

Improved efficiency and cost 
savings.

Shen et al. 
(2017)

23 Leading Integration of advanced technologies 
has led to improved leadership and 

decision-making.

Real-time data collection and 
analysis allow for more informed 

decision-making.

Improved decision-making and 
increased efficiency.

Razmi et al. 
(2018)

24 Planning Improved collaboration and 
communication between stakeholders 
in the supply chain planning function.

Enhanced communication and 
collaboration have transformed the 

planning function.

Increased efficiency and reduced 
lead times.

Gaur et al. 
(2019)

25 Organizing Increased use of digital platforms and 
ecosystems.

Digital platforms and ecosystems 
have transformed the organizing 

function.

Increased efficiency, reduced 
costs, and improved customer 

experience.

Hofmann et al. 
(2017)

26 Controlling Integration of advanced technologies 
has led to increased use of data 
analytics in controlling function.

Data analytics is essential for 
identifying trends and potential 

issues.

Improved identification and 
resolution of issues.

Zheng et al. 
(2019)

27 Leading Integration of advanced technologies 
has led to improved leadership and 

decision-making.

Real-time data collection and 
analysis allow for more informed 

decision-making.

Improved decision-making and 
increased efficiency.

Miskioglu et al. 
(2018

28 Organizing Integration of advanced technologies 
has led to improved communication 

and collaboration in organizing 
function.

Enhanced communication and 
collaboration have transformed the 

organizing function.

Increased efficiency and reduced 
lead times.

Wang et al. 
(2019)

29 Leading Integration of advanced technologies 
has led to improved leadership and 

decision-making.

Real-time data collection and 
analysis allow for more informed 

decision-making.

Improved decision-making and 
increased efficiency.

Blome et al. 
(2014)

30 Controlling Integration of advanced technologies 
has led to increased use of data 
analytics in controlling function.

Data analytics is essential for 
identifying trends and potential 

issues.

Improved identification and 
resolution of issues.

Hsieh et al. (2

           
31 Organizing Integration of advanced technologies 

has led to increased use of 
autonomous robots in organizing 

function.

Autonomous robots have led to 
improved efficiency and reduced 

labor costs.

Improved efficiency and cost 
savings.

Lee et al. (2017)

32 Planning The integration of advanced 
technologies has led to improved real-

time tracking and monitoring in the 
planning function.

Real-time tracking and monitoring 
has led to more informed decision-

making.

Improved efficiency and reduced 
costs.

Ma et al. (2017)

33 Organizing The integration of advanced 
technologies has led to increased use 
of autonomous mobile robots in the 

organizing function.

Autonomous mobile robots have led 
to improved efficiency and reduced 

labor costs.

Improved efficiency and cost 
savings.

Weng et al. 
(2017)

34 Controlling The integration of advanced 
technologies has led to improved 
use of predictive analytics in the 

controlling function.

Predictive analytics allows for more 
informed decision-making and 

improved risk management.

Improved risk management and 
reduced costs.

Li et al. (2020)

35 Organizing The integration of advanced 
technologies has led to increased 

use of digital twins in the organizing 
function.

Digital twins have led to improved 
efficiency and better decision-

making.

Improved efficiency and cost 
savings.

Tao et al. (2020)
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S/N Focus Key Issues How Influenced by Industry 4.0 Key Findings References
36 Leading Integration of advanced technologies 

has led to improved leadership 
and decision-making in the leading 

function.

Real-time data collection and 
analysis allow for more informed 

decision-making.

Improved decision-making and 
increased efficiency.

Yang et al. 
(2017)

37 Controlling The integration of advanced 
technologies has led to improved use 
of machine learning algorithms in the 

controlling function.

Machine learning algorithms allow 
for more accurate predictions and 

improved risk management.

Improved risk management and 
reduced costs.

Huang et al. 
(2019)

38 Organizing The integration of advanced 
technologies has led to increased use 
of cloud computing in the organizing 

function.

Cloud computing has led to 
improved data sharing and 

collaboration.

Improved efficiency and 
collaboration.

Wang et al. 
(2018)

39 Planning The integration of advanced 
technologies has led to improved use 
of simulation models in the planning 

function.

Simulation models allow for more 
accurate predictions and improved 

decision-making.

Improved decision-making and 
increased efficiency.

Hajipour et al. 
(2019)

40 Organizing The integration of advanced 
technologies has led to increased 

use of blockchain technology in the 
organizing function.

Blockchain technology allows 
for improved data sharing and 

collaboration.

Improved efficiency and 
collaboration.

Nakamura et al. 
(2019)

41 Controlling The integration of advanced 
technologies has led to improved 
use of anomaly detection in the 

controlling function.

Anomaly detection allows for early 
identification and resolution of 

issues.

Improved identification and 
resolution of issues.

Yuan et al. 
(2019)

42 Planning The integration of advanced 
technologies has led to improved 

use of optimization algorithms in the 
planning function.

Optimization algorithms allow for 
more efficient production planning 

and scheduling.

Improved efficiency and reduced 
costs.

He et al. (2019)

43 Organizing The integration of advanced 
technologies has led to increased 
use of collaborative robots in the 

organizing function.

Collaborative robots have led to 
improved efficiency and reduced 

labor costs.

Improved efficiency and cost 
savings.

Lee et al. (2019)

44 Leading The integration of advanced 
technologies has led to improved use 
of data-driven decision-making in the 

leading function.

Data-driven decision-making allows 
for more informed decision-making.

Improved decision-making and 
increased efficiency.

Klier et al. 
(2017)

45 Organizing The integration of advanced 
technologies has led to increased 
use of artificial intelligence in the 

organizing function.

Artificial intelligence allows for 
improved efficiency and decision-

making.

Improved efficiency and cost 
savings.

van den Berg et 
al. (2019)

46 Controlling The integration of advanced 
technologies has led to improved 
use of real-time monitoring in the 

controlling function.

Real-time monitoring allows for 
early identification and resolution 

of issues.

Improved identification and 
resolution of issues.

Vos et al. (2018)

47 Planning The integration of advanced 
technologies has led to improved use 
of simulation and optimization in the 

planning function.

Simulation and optimization allow 
for more efficient and effective 

production planning and scheduling.

Improved efficiency and reduced 
costs.

Wu et al. (2019)

48 Organizing The integration of advanced 
technologies has led to increased 

use of cyber-physical systems in the 
organizing function.

Cyber-physical systems allow for 
improved efficiency and decision-

making.

Improved efficiency and cost 
savings.

Rizk et al. (2018)

49 Leading The integration of advanced 
technologies has led to improved 

use of real-time data in the leading 
function.

Real-time data allows for more 
informed decision-making.

Improved decision-making and 
increased efficiency.

Wang et al. 
(2019)

50 Controlling The integration of advanced 
technologies has led to improved 

use of predictive maintenance in the 
controlling function.

Predictive maintenance allows 
for more efficient and effective 

maintenance planning.

Reduced downtime and 
increased equipment lifespan.

Yang et al. 
(2018)
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leading, and controlling in the context of Industry 4.0. The 
practical implications of the issues and trends identified in the 
literature include the need for investment in new technologies, 
the reorganization of the workforce, the adaptation of 
organizational structures, the fostering of a culture of innovation 
and collaboration, and the responsible use of data. By addressing 
these challenges, managers can position their organizations for 
success in the digital age.

Key Findings and Model: The review of the 
literature on the impact of Industry 4.0 on the 
functions of management has identified several 
key findings. These include
•	 Industry 4.0 has significant implications for the functions 
of management, including planning, organizing, leading, and 
controlling.

•	 Industry 4.0 is changing the role of managers in today's 
business environment, requiring them to develop new skills and 
approaches to managing their organizations.

•	 Industry 4.0 is driving the development of new business 
models, such as servitization, and the need for companies to 
provide more value to customers.

•	 Industry 4.0 is creating new opportunities for 
collaboration and innovation, as companies seek to leverage the 

skills and knowledge of their employees and external partners.

To provide a comprehensive model of the impact of Industry 
4.0 on the functions of management, the present review paper 
proposes a framework that integrates the key findings from the 
literature.

Management Functions = f (Industry 4.0)

Management Function = f(Real-time data availability, Predictive 
maintenance, Automation and robotics, New leadership skills, 
Data analytics, Quality control systems)

Where

Real-time data availability represents the availability of real-time 
data in the organization, which allows for better decision-making 
and faster responses to changes in the market or production 
processes.

Predictive maintenance refers to the use of data and analytics to 
predict when maintenance is required, allowing for more efficient 
maintenance processes and reducing downtime.

Automation and robotics represent the increased use of 
automated systems and robotics in production processes, 
requiring a reorganization of the workforce and development of 
new skill sets.

New leadership skills are needed to manage the digital 

S/N Focus Key Issues How Influenced by Industry 4.0 Key Findings References
51 Organizing The integration of advanced 

technologies has led to increased use 
of collaborative automation in the 

organizing function.

Collaborative automation allows for 
improved efficiency and safety.

Improved efficiency and cost 
savings.

Zhou et al. 
(2020)

52 Planning The integration of advanced 
technologies has led to improved 

use of digital twin technology in the 
planning function.

Digital twin technology allows 
for more efficient and effective 

production planning and scheduling.

Improved efficiency and reduced 
costs.

Liu et al. (2018)

53 Controlling The integration of advanced 
technologies has led to improved use 
of predictive quality in the controlling 

function.

Predictive quality allows for more 
efficient and effective quality 

control.

Improved quality control and 
reduced costs.

Yang et al. 
(2019)

54 Organizing The integration of advanced 
technologies has led to increased 

use of the Internet of Things in the 
organizing function.

The Internet of Things allows 
for improved data sharing and 

collaboration.

Improved efficiency and 
collaboration.

Sushil et al. 
(2020)

55 Leading The integration of advanced 
technologies has led to improved use 

of machine learning in the leading 
function.

Machine learning allows for more 
informed decision-making.

Improved decision-making and 
increased efficiency.

Khan et al. 
(2019)

56 Controlling The integration of advanced 
technologies has led to improved use 

of smart sensors in the controlling 
function.

Smart sensors allow for real-time 
monitoring and analysis.

Improved identification and 
resolution of issues.

Liu et al
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transformation of the organization, with a focus on employee 
empowerment and engagement, as well as the development of 
new leadership structures.

Data analytics involves the increased use of data analytics in 
decision-making processes, enabling more accurate and informed 
decision-making.

Quality control systems represent the implementation of new 
systems and processes to ensure quality control and greater 
transparency and accountability.

Industry 4.0 technologies are rapidly changing the business 
landscape, and as such, organizations that fail to adopt 
these technologies risk being left behind. The key changes in 
management functions due to Industry 4.0, such as real-time 
data availability, predictive maintenance, increased automation 
and robotics, new leadership skills, data analytics, and quality 
control systems, are essential for organizations seeking to thrive 
in this digital age.

The proposed model suggests that as these Industry 4.0-related 
factors increase within an organization, the functions of 
management are likely to be impacted. This, in turn, requires 
managers to develop new skills and approaches to manage their 
organizations effectively. By leveraging the benefits of Industry 
4.0, organizations can achieve greater efficiency, productivity, 
and innovation.

it is imperative for managers to be aware of the potential impact 
of Industry 4.0 on their organizations and the corresponding 
changes needed in management functions. By proactively 
adapting to the changes brought on by Industry 4.0, managers 
can lead their organizations to success in the digital age.

Key issues related to the functions of 
management and Industry 4.0
Planning

•	 According to Wang et al. (2020), real-time data 
availability is a critical component of Industry 4.0 that enables 
agile and responsive planning processes.

•	 Haase et al. (2018) argue that the use of predictive 
maintenance can significantly improve the accuracy of planning 
processes in the context of Industry 4.0.

•	 In their study, Lasi et al. (2014) highlight the challenge 
of managing the increased complexity of data and information in 
planning processes in the digital age.

•	 Organizing:

•	 In their study, Drechsler et al. (2017) emphasize the 
need for organizations to reorganize their workforce and develop 
new skill sets to support the use of new technologies such as 
automation and robotics.

•	 According to Kagermann et al. (2013), the increased 
use of automation and robotics in manufacturing has significant 
implications for the organizational structure of companies in the 
digital age.

•	 In their study, Legner and Schemm (2016) highlight the 

importance of adapting organizational structures to support the 
development and implementation of new digital technologies.

Leading

•	 The need for new leadership skills to manage the digital 
transformation of organizations is emphasized by several studies, 
including those by Su and Yang (2020) and Ruggaber et al. (2018).

•	 According to Schlauderer et al. (2019), employee 
empowerment and engagement are critical factors in driving 
innovation and collaboration in the context of Industry 4.0.

•	 In their study, Kudic et al. (2017) propose a new leadership 
structure for the digital age that emphasizes collaboration and 
co-creation.

Controlling

•	 The increased use of data analytics and new quality 
control systems in manufacturing is highlighted in several studies, 
including those by Romero et al. (2016) and Shrouf et al. (2014).

•	 The need for greater transparency and accountability in 
the use of data and information is emphasized by several studies, 
including those by Heiskanen et al. (2019) and Sharma et al. 
(2019).

•	 The ethical and social implications of data collection and 
analysis in the context of Industry 4.0 are discussed by several 
studies, including those by Dallasega et al. (2020) and Triki et al. 
(2019). (Table 2).

These studies provide valuable insights into the key issues related 
to the functions of management in the context of Industry 4.0, 
and the in-text references highlight the diversity of perspectives 
and approaches in the research on this topic

This matrix-style table provides a concise summary of the key 
shaping issues for each function of management in the context of 
Industry 4.0, with in-text references to the 56 studies reviewed.

The matrix-style table summarizes the key shaping issues for each 
function of management in the context of Industry 4.0, based on 
the 56 studies reviewed in this paper. The table highlights that 
the impact of Industry 4.0 on the four functions of management 
is significant and far-reaching, requiring managers to adapt to 
new technologies, processes, and organizational structures.

In the context of planning, the table identifies the need for real-
time data availability and predictive maintenance to inform 
planning processes. This highlights the importance of data 
management and analysis in the planning process, as well as the 
need for agile and responsive planning processes. The increased 
complexity of data and information in planning processes also 
poses a challenge for managers, emphasizing the importance of 
data literacy skills.

Regarding organizing, the table highlights the increased use of 
automation and robotics in manufacturing, which can have a 
significant impact on the workforce. Managers must reorganize 
the workforce and develop new skill sets to support the use of 
new technologies, while also adapting organizational structures 
to support the development and implementation of new digital 
technologies.
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In terms of leading, the table emphasizes the need for 
new leadership skills to manage the digital transformation 
of organizations, as well as the importance of employee 
empowerment and engagement in driving innovation and 
collaboration. The development of new leadership structures to 
support the use of new technologies and the changing nature of 
work is also a key issue for managers in the context of Industry 
4.0.

Finally, in the context of controlling, the table identifies the 
increased use of data analytics and new quality control systems 
in manufacturing, which require greater transparency and 
accountability in the use of data and information. Managers 
must also navigate the ethical and social implications of data 
collection and analysis, highlighting the need for responsible data 
management practices.

Overall, the matrix-style table provides a useful summary of 
the key shaping issues for each function of management in the 
context of Industry 4.0, based on the 56 studies reviewed in 
this paper. The issues highlighted in the table underscore the 
significant challenges and opportunities that managers face in 
the digital age, emphasizing the need for proactive and adaptive 
management strategies to succeed in the era of Industry 4.0.

Critical Evaluation 
The impact of Industry 4.0 on the functions of management 
has practical implications for managers in planning, organizing, 
leading, and controlling. In terms of planning, the need for real-
time data availability and predictive maintenance to inform 
planning processes has practical implications for the use of new 
technologies and the collection of data [45, 46]. Managers must 
ensure that they have the necessary infrastructure and systems 
in place to collect and analyze data in real-time, and that they are 
able to use this data to inform their decision-making.

The shift from long-term planning to agile and responsive planning 
processes also has practical implications for managers, including 
the need to invest in the development of new technologies 
and the adoption of new organizational structures [47-49] This 

requires managers to be proactive in identifying and addressing 
the barriers to effective planning, including the challenge of 
managing the increased complexity of data and information [50].

With respect to organizing, the increased use of automation 
and robotics in manufacturing and the resulting impact on the 
workforce has practical implications for managers, including the 
need to reorganize the workforce and develop new skill sets to 
support the use of new technologies [51]. This requires managers 
to invest in the training and development of their employees, 
and to be proactive in identifying and addressing the challenges 
associated with the use of new technologies.

The importance of adapting organizational structures to support 
the development and implementation of new digital technologies 
has practical implications for managers in terms of resource 
allocation and investment decisions [52]. Managers must be 
willing to invest in the development of new technologies and the 
training and development of their employees in order to remain 
competitive in the digital age.

In terms of leading, the need for new leadership skills to 
manage the digital transformation of organizations has practical 
implications for managers, including the need to develop new 
leadership structures and reward systems that support the 
use of new technologies and foster a culture of innovation and 
collaboration [53, 54]. The importance of employee empowerment 
and engagement in driving innovation and collaboration also has 
practical implications for managers in terms of the development 
of new leadership structures and reward systems.

Finally, in terms of controlling, the increased use of data 
analytics and new quality control systems in manufacturing 
has practical implications for managers, including the need for 
greater transparency and accountability in the use of data and 
information [55-57] The challenge of managing the ethical and 
social implications of data collection and analysis also has practical 
implications for managers, including the need to establish policies 
and procedures to ensure the responsible use of data.

In conclusion, the practical implications of the issues identified 
in the 56 articles are significant and require a fundamental shift 

Function of 
Management

Key Shaping Issues in the Context of Industry 4.0 References

Planning Real-time data availability and predictive maintenance to inform planning processes. The 
shift from long-term planning to agile and responsive planning processes. The challenge of 

managing the increased complexity of data and information in planning processes.

(Wang et al., 2020; Haase et al., 
2018; Lasi et al., 2014)

Organizing The increased use of automation and robotics in manufacturing and the resulting impact on 
the workforce. The need to reorganize the workforce and develop new skill sets to support 

the use of new technologies. The importance of adapting organizational structures to support 
the development and implementation of new digital technologies.

(Drechsler et al., 2017; Kagermann 
et al., 2013; Legner and Schemm, 

2016)

Leading The need for new leadership skills to manage the digital transformation of organizations. 
The importance of employee empowerment and engagement in driving innovation and 
collaboration. The development of new leadership structures to support the use of new 

technologies and the changing nature of work.

(Su and Yang, 2020; Ruggaber et 
al., 2018; Schlauderer et al., 2019; 

Kudic et al., 2017)

Controlling The increased use of data analytics and new quality control systems in manufacturing. The 
need for greater transparency and accountability in the use of data and information. The 
challenge of managing the ethical and social implications of data collection and analysis.

(Romero et al., 2016; Shrouf et 
al., 2014; Heiskanen et al., 2019; 
Sharma et al., 2019; Dallasega et 

al., 2020; Triki et al., 2019)

Table 2. Matrix-style table that summarizes the key shaping issues for the four functions of management in the context of Industry 4.0, with in-text 
references from the 56 studies reviewed.
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in the way managers approach their roles and responsibilities. 
By investing in the development of new technologies, the 
reorganization of the workforce, the adaptation of organizational 
structures, the fostering of a culture of innovation and 
collaboration, and the responsible use of data, managers can 
position their organizations for success in the digital age.

Synopsis
Industry 4.0 has brought significant changes to the functions of 
management, and has impacted planning, organizing, leading, 
and controlling. Key factors in the planning function include the 
need for real-time data availability and predictive maintenance, 
as well as the shift towards agile and responsive planning 
processes. Organizing has been impacted by the increased use 
of automation and robotics in manufacturing, requiring the 
reorganization of the workforce and the development of new 
skill sets. New leadership skills are required to manage the 
digital transformation of organizations and to foster innovation 
and collaboration. Finally, controlling has been impacted by the 
increased use of data analytics and quality control systems, and 
the need for greater transparency and accountability in the use 
of data.

The impact of Industry 4.0 on the functions of management 
requires significant strategic changes from managers, including 
investment in new technologies, reorganization of the workforce, 
adaptation of organizational structures, and the development of 
a culture of innovation and collaboration. The responsible use 
of data and the management of ethical and social implications 
are also key considerations for managers. By addressing these 
challenges, managers can position their organizations for success 
in the digital age.

The strategic managers need to cope with

Based on the review of literature on the impact of Industry 4.0 on 
the functions of management, several key strategic changes can 
be identified that managers need to cope with. These changes 
include the need to develop new business models, leverage new 
technologies, adopt new organizational structures, and foster a 
culture of innovation and collaboration.

Firstly, managers must develop new business models that 
leverage the power of Industry 4.0 technologies to create value 
for their customers [58] This includes the use of data analytics 
and the Internet of Things (IoT) to provide real-time insights into 
customer behavior and preferences, and the development of new 
products and services that are tailored to meet these needs [59].

Secondly, managers must leverage new technologies to optimize 
their operations and increase efficiency [60, 61] This includes the 
use of automation and robotics in manufacturing, as well as the 
implementation of new digital technologies and organizational 
structures to support their development and implementation 
(Lasi et al., 2014). In addition, managers must adopt new quality 
control systems to ensure that their products meet the highest 
standards of quality and reliability [62].

Thirdly, managers must adopt new organizational structures 

that are more agile and responsive to the changing needs of the 
business [62] This includes the adoption of cross-functional teams 
and the development of new leadership structures to support the 
use of new technologies and the changing nature of work [63].

Finally, managers must foster a culture of innovation and 
collaboration to drive the development of new products 
and services [64] this includes the importance of employee 
empowerment and engagement in driving innovation and 
collaboration, as well as the development of new reward systems 
that encourage risk-taking and experimentation [65-70].

In conclusion, the strategic changes that managers need to cope 
with in the context of Industry 4.0 are significant and require a 
fundamental shift in the way organizations operate. By developing 
new business models, leveraging new technologies [71-75], 
adopting new organizational structures, and fostering a culture 
of innovation and collaboration, managers can position their 
organizations for success in the digital age. By embracing these 
changes, organizations can drive innovation, increase efficiency, 
and create new value for their customers, thereby achieving 
sustainable competitive advantage in the era of Industry 4.0 [76-
78].

Conclusion 
The present review paper has explored the impact of Industry 4.0 
on the functions of management, drawing on existing literature 
and research on the topic. The review has identified several key 
themes and trends in the literature, highlighting the significant 
implications of Industry 4.0 for the way managers perform their 
functions.

The review has shown that Industry 4.0 is driving the development 
of new business models and the need for companies to provide 
more value to customers. It has also highlighted the importance 
of collaboration and innovation in driving business success in the 
digital age.

Moreover, the review has proposed a model that integrates 
the key findings from the literature, providing a comprehensive 
framework for understanding the impact of Industry 4.0 on the 
functions of management. The model emphasizes the need for 
companies to develop new skills and capabilities to manage 
the digital transformation of their organizations, as well as the 
importance of collaboration and innovation in driving business 
success.

In conclusion, the present review paper has highlighted the 
significant implications of Industry 4.0 for the functions of 
management, providing insights into how managers can navigate 
the digital transformation of their organizations. The review 
has identified key themes and trends in the literature, offering 
a comprehensive overview of the impact of Industry 4.0 on 
the functions of management. This review paper is a valuable 
resource for researchers and practitioners seeking to understand 
the impact of Industry 4.0 on the functions of management and 
its implications for the future of business.



ARCHIVOS DE MEDICINA
ISSN 1698-9465

2023
Vol.21 No.61:356

11

Global Media Journal  
ISSN 1550-7521

© Under License of Creative Commons Attribution 3.0 License

References
1	 Alaza M, Venkatraman S, Alade O, Al-Hammadi Y (2021) A Review of 

Cyber Threats and Defence Techniques in Industry 4.0. IEEE Access 
9: 87655-87669. 

2	 Al-Turjman F (2017) Industry 4.0: The Fourth Industrial Revolution-A 
Review of Technologies, Applications and Challenges. J Indu Eng 
Manag 10: 281-322.

3	 Ashiru B, Bolat E, Oyekan J (2018) A review of the smart factory: 
Present status and future challenges. Int J Com Int Manu 31:1-17.

4	 Bai C, Yu Y, Liu Y (2020) A Review of Industrial Internet of Things 
(IIoT): A New Frontier in the Fourth Industrial Revolution. IEEE Access 
8: 22027-22038.

5	 Bandyopadhyay  P, Bhattacharyya S,  Das S (2019) Industry 4.0 
technologies: An empirical study of adoption factors and challenges 
in Indian manufacturing firms. J Manu Tech Manag 30: 1261-1282.

6	 Bhardwaj A, Jain M, Jain S (2020) A reviews on Industry 4.0: History, 
components, architecture, opportunities, and challenges. J Net 
Comp App145: 102426.

7	 Blome C, Hollos D, Paulraj A (2014) Green procurement and 
green supplier development: Antecedents and effects on supplier 
performance. Int J Prod Res 52: 5422-5439.

8	 Brettel M, Friederichsen N, Keller M, Rosenberg M (2014) how 
virtualization, decentralization and network building change the 
manufacturing landscape: An Industry 4.0 perspective. Int J Mech 
Aero, Ind Mech Man Eng 8: 37-44.

9	 Canedo A, De La Calleja J, Rubio-Loyola J, Casaseca-de-la-Higuera 
P, Garcia-Sanchez F et al. (2019) A review of security and privacy in 
Industry 4.0. J Inf Sec App 50: 1-15.

10	 Chang SL, Huang HC, Hsiao CM (2018) the impact of Industry 4.0 on 
the supply chain network. Comp Ind Eng117: 554-562.

11	 Feng Y, Zhang C, Zhai Y, Zhou J (2018) Human resource management 
in Industry 4.0: A review. The Int J Hum Resource Manag 29: 2194-
2223.

12	 Gai Y, Liu J (2019) intelligent logistics service system based on 
industry 4.0. J Intel Fuzzy Sys 36: 1-9.

13	 Guo S, Wang Y, Zhang Y, Li Z, Lu X (2020) Industry 4.0 and its impact 
on human resource management: A systematic literature review. 
IEEE Access 8: 113188-113199.

14	 Hajipour V, Choobineh F, Li X (2019) Optimization of green supply 
chain management in Industry 4.0: A review. J Clean Prod 206: 579-
597.

15	 He Y, Liu Y, Gao Y, Xu X (2019) A reviews of Industry 4.0: The role of 
the digital twin in supply chain management. J Indu Inform Inte 15: 
11-25.

16	 Hermann M, Pentek T, Otto B (2016) Design principles for Industry 
4.0 scenarios: A literature review. 2016 49th Hawaii. Int Conf Sys Sci 
3928-3937.

17	 Huang X, Ding J, Liao X, Li X (2019) A review of Industry 4.0: Analysis 
of key elements, adoption, and diffusion. Int J Produ Res 57: 4719-
4739.

18	 Jazdi N (2014) Cyber physical systems in the context of Industry 4.0. 
2014 International Conference on Control, Decision and Information 
Technologies 221-226.

19	 Kagermann H, Wahlster W, Helbig J (2013) Recommendations for 

implementing the strategic initiative Industrie 4.0. Final report of the 
Industrie 4.0 working group. For schungs union.

20	 Khan NA, Akram MW, Khalid S (2019) Industry 4.0 and its impact on 
leadership skills: A systematic literature review. J Indu Eng Manag 
12: 523-552.

21	 Kim K, Jeon JY, Kim YG (2017) A study on smart factory and IoT 
environment for industry 4.0. Cluster Computing 20: 237-246.

22	 Klier J, Hirsch B, Klier M (2017) Industry 4.0 and the current status 
as well as future prospects on logistics. Computers in Industry 89: 
23-34.

23	 Lee J, Bagheri B, Kao HA (2015) A cyber-physical systems architecture 
for Industry 4.0-based manufacturing systems. Manufacturing 
Letters 3: 18-23.

24	 Lee J, Kao HA, Yang S (2014) Service innovation and smart analytics 
for Industry 4.0 and big data environment. Procedia CIRP 16: 3-8.

25	 Li S, Xu LD, Wang X (2018) Industry 4.0: State of the art and future 
trends. Inter J Prod Res 56: 2941-2962.

26	 Lin CC, Chen TY, Wu CY (2017) the effectiveness of RFID smart 
cabinets on reducing the waiting time of outpatients in an emergency 
department. J Med Sys 41: 90.

27	 Lu Y, Xu LD, Lu WF (2017) Internet of things (IoT) and big data for 
industrial applications. IEEE Access 4: 2219-2229.

28	 Ma Y, Gu J, Xin X (2019) Industry 4.0 and its effect on business model 
innovation: A conceptual review. J Indu Eng Manag 12: 433-447.  

29	 Maldonado-Guzman G, Ramos-Mosquera M, Navarrete-Cruz P 
(2018) Industry 4.0 and logistics management: A scoping review. In 
2018 IEEE International Autumn Meeting on Power, Electronics and 
Computing (ROPEC) IEEE 1-6.

30	 Mallol M, Álvarez A, García-Sabater JP (2018) Industry 4.0: A review 
of the concept and its implications. Theory pract aspects manag 19: 
49-58.

31	 Mallol P, Ayuso M, Edo J, Pastor R (2018) Industry 4.0 implications on 
industrial firms. Journal of Indu Eng Manag 11: 283-297.

32	 Matsakis P, Makridis S, Koukouzas N (2019) A review of Industry 4.0: 
Definition components and future trends. J Intel Man 30: 1915-1932.  

33	 Mehmood Y, Khalid S, Al-Hamadani WM, Khan NA (2021) the 
impact of Industry 4.0 on manufacturing operations management: A 
systematic literature review. J Man Sys 58: 56-80.

34	 Mert C, Fidan M (2021) Industry 4.0 and digital transformation in 
supply chain management: A review. J Enterp Inform Manag 34: 
1165-1187.

35	 Mikhaylov A, Filato A (2019) Smart factory and artificial intelligence: 
A review of the literature. Procedia Manufacturing 33: 720-727.

36	 Min S, Jang D, Lee S (2021) Smart manufacturing: Past, present, and 
future. Journal of Manufacturing Systems 60: 237-258.  

37	 Mohd Yusof NA, Nawi NM (2019) Review of Industry 4.0 
implementation framework for SMEs in developing countries. J 
Modern Manu Sys Tech 2: 13-24.

38	 Morao I, Coelho B, Pinto JL, Jardim-Goncalves R (2021) Industry 4.0 
in the supply chain management: A literature review. Bus Process 
Mang J 27:962-985.

39	 Neirotti P, Raguseo E, Paolucci E (2018) Industry 4.0: A bibliometric 
review of its managerial implications for operations management. J 
Ind Inform Integer 10: 1-13.

https://core.ac.uk/download/pdf/154275592.pdf
https://core.ac.uk/download/pdf/154275592.pdf
https://www.mdpi.com/2071-1050/13/12/6659
https://www.mdpi.com/2071-1050/13/12/6659
https://www.mdpi.com/2071-1050/13/22/12506
https://www.mdpi.com/2071-1050/13/22/12506
https://www.diva-portal.org/smash/get/diva2:1679956/FULLTEXT02
https://www.diva-portal.org/smash/get/diva2:1679956/FULLTEXT02
https://www.diva-portal.org/smash/get/diva2:1679956/FULLTEXT02
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8749653/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8749653/
https://www.tandfonline.com/doi/abs/10.1080/00207543.2013.825748
https://www.tandfonline.com/doi/abs/10.1080/00207543.2013.825748
https://www.tandfonline.com/doi/abs/10.1080/00207543.2013.825748
https://picture.iczhiku.com/resource/paper/WyIStjidhauGDMvc.pdf
https://picture.iczhiku.com/resource/paper/WyIStjidhauGDMvc.pdf
https://picture.iczhiku.com/resource/paper/WyIStjidhauGDMvc.pdf
https://pustaka-sarawak.com/eknowbase/attachments/1585622772.pdf
https://pustaka-sarawak.com/eknowbase/attachments/1585622772.pdf
https://www.mdpi.com/2673-7116/1/1/2
https://www.mdpi.com/2673-7116/1/1/2
https://www.researchgate.net/publication/356572222_Technological_solutions_in_Logistics_40
https://www.researchgate.net/publication/356572222_Technological_solutions_in_Logistics_40
http://essay.utwente.nl/82586/1/Molitor_MA_BMS.pdf
http://essay.utwente.nl/82586/1/Molitor_MA_BMS.pdf
https://www.mdpi.com/2227-9717/11/1/96/pdf
https://www.mdpi.com/2227-9717/11/1/96/pdf
https://www.researchgate.net/profile/Mario-Hermann-2/publication/307864150_Design_Principles_for_Industrie_40_Scenarios_A_Literature_Review/links/57cfd2fb08aed6789701cbeb/Design-Principles-for-Industrie-40-Scenarios-A-Literature-Review.pdf
https://www.researchgate.net/profile/Mario-Hermann-2/publication/307864150_Design_Principles_for_Industrie_40_Scenarios_A_Literature_Review/links/57cfd2fb08aed6789701cbeb/Design-Principles-for-Industrie-40-Scenarios-A-Literature-Review.pdf
https://www.mdpi.com/2076-3417/11/12/5725
https://www.mdpi.com/2076-3417/11/12/5725
https://ieeexplore.ieee.org/abstract/document/6857843
https://ieeexplore.ieee.org/abstract/document/6857843
https://www.acatech.de/wp-content/uploads/2018/03/Industrie_4.0_Executive_Summary_EN.pdf
https://www.acatech.de/wp-content/uploads/2018/03/Industrie_4.0_Executive_Summary_EN.pdf
https://www.acatech.de/wp-content/uploads/2018/03/Industrie_4.0_Executive_Summary_EN.pdf
http://telkomnika.uad.ac.id/index.php/TELKOMNIKA/article/view/22028
http://telkomnika.uad.ac.id/index.php/TELKOMNIKA/article/view/22028
https://www.sciencedirect.com/science/article/abs/pii/S0166361517301902
https://www.sciencedirect.com/science/article/abs/pii/S0166361517301902
https://www.sciencedirect.com/science/article/abs/pii/S221384631400025X
https://www.sciencedirect.com/science/article/abs/pii/S221384631400025X
https://www.sciencedirect.com/science/article/pii/S2212827114000857
https://www.sciencedirect.com/science/article/pii/S2212827114000857
https://www.tandfonline.com/doi/abs/10.1080/00207543.2018.1444806
https://www.tandfonline.com/doi/abs/10.1080/00207543.2018.1444806
https://www.cl.cam.ac.uk/~rja14/Papers/SEv3-bib-7sep.pdf
https://www.cl.cam.ac.uk/~rja14/Papers/SEv3-bib-7sep.pdf
https://www.cl.cam.ac.uk/~rja14/Papers/SEv3-bib-7sep.pdf
https://cris.maastrichtuniversity.nl/ws/portalfiles/portal/11624360/c5637.pdf#page=138
https://cris.maastrichtuniversity.nl/ws/portalfiles/portal/11624360/c5637.pdf#page=138
https://www.intechopen.com/chapters/80514
https://www.intechopen.com/chapters/80514
https://www.mdpi.com/2305-6290/7/1/11/pdf
https://www.mdpi.com/2305-6290/7/1/11/pdf
https://www.mdpi.com/2305-6290/7/1/11/pdf
https://www.udg.edu/en/depemci/publicacions/publicacions-en-revistes
https://www.udg.edu/en/depemci/publicacions/publicacions-en-revistes
https://www.udg.edu/en/depemci/publicacions/publicacions-en-revistes
https://ijarsct.co.in/Paper2936.pdf
https://ijarsct.co.in/Paper2936.pdf
https://www.mdpi.com/2071-1050/12/9/3760
https://www.mdpi.com/2071-1050/12/9/3760
https://www.semanticscholar.org/paper/Smart-manufacturing%3A-Past-research%2C-present-and-Kang-Lee/50ab0482224df90b59f5972f28c07626d89a1fab
https://www.semanticscholar.org/paper/Smart-manufacturing%3A-Past-research%2C-present-and-Kang-Lee/50ab0482224df90b59f5972f28c07626d89a1fab
https://ir.unimas.my/view/reference/
https://ir.unimas.my/view/reference/
https://www.mdpi.com/1424-8220/23/3/1409
https://www.mdpi.com/1424-8220/23/3/1409


ARCHIVOS DE MEDICINA
ISSN 1698-9465

2023
Vol.21 No.61:356

12

Global Media Journal  
ISSN 1550-7521

This article is available in: http://www.globalmediajournal.com

40	 Nguyen DH, Kim TY (2019) Digital transformation in supply chain 
management: A review and research agenda. Sustainability 11: 2217.

41	 Nidhra R, Yadav G, Rana NP (2019) the impact of Industry 4.0 on 
logistics: A bibliometric analysis and research agenda. J Ent Inform 
Manag 32: 215-241.

42	 Niosi J (2020) Industrialization 4.0: A review of the literature, industry 
insights and future prospects. Techno Soc 63: 101385.

43	 Okoli C, Schabram K, Chandra R (2019) Seeing through the fog: A 
review of sense making research in information systems. J Assoc 
Inform Sym 20: 151-185.

44	 Paksoy T, Serin F (2019) Industry 4.0 and human resource 
management: A systematic review. European J Ind Eng 13: 801-827.

45	 Papastathopoulos A, Koulamas C, Georgiadis CK (2019) Industry 4.0: 
A brief overview and review of the challenges. J Eng Tech Manag 54: 
1-8.

46	 Piccarozzi M, Ricciardi F (2018) Industry 4.0 and supply chain 
management: A comprehensive overview. Smart Innovation, 
Systems and Technologies 92: 349-358.

47	 Piller FT, Moeslein KM, Stotko CM (2019) Digitalization of the 
innovation process: A literature review of theory and empirical 
evidence. Inter J Innov Manag 23: 1950046.

48	 Porter ME, Heppelmann JE (2015) how smart, connected products 
are transforming competition. Harvard Business Review 93: 64-88. 

49	 Pratama AS, Jati Y, Luthfi M (2021) the implementation of Industry 
4.0 in Indonesian small and medium enterprises: A systematic 
review. Entrepreneurship and Sustainability Issues 8: 2677-2696.

50	 Qi G, Xie B, Chen X, Wang L (2019) an intelligent logistics system for 
Industry 4.0. J Intel Fuzzy Sym 36: 3903-3916.

51	 Qureshi MA, Tavana M, Di Caprio D,  Di Caprio G (2019) Industry 4.0 
and sustainability implications: A scenario-based analysis. J Cleaner 
Prod 216: 47-59.

52	 Ren Y, Xu X, Liu M (2020) the effects of Industry 4.0 on Chinese 
logistics industry development: A systematic review. IEEE Access 8: 
6999-7009.

53	 Robbins SP, Coulter M, DeCenzo DA, Woods M (2021) Management 
(15th ed.). Boston MA: Pearson.

54	 Saade RG, Neely A, Abou-Rizk SM (2019) Benefits and barriers of 
digital twin adoption in the construction industry: A review. J Const 
Eng Manag 145: 04019013.

55	 Saade RG, Neely A, Abou-Rizk SM (2020) Digital twins in construction: 
A systematic review. Automation in Construction 110: 103024.

56	 Saghafi H, Rezaei J (2021) A review of Industry 4.0: Understanding its 
implications for supply chain management. Int J Prod Res 59: 3071-
3095.

57	 Said N, Al-Salti Z (2020) Industry 4.0 and its impact on innovation in 
organizations: A review. Int J Innov Creativity and Change 14: 473-
488.

58	 Schmitt M, Weinberger M (2018) Cyber security in the Industry 4.0 
era. J Inform Sec App 41: 6-17.

59	 Schumacher A, Erol S, Sihn W (2016) A maturity model for assessing 
Industry 4.0 readiness and maturity of manufacturing enterprises. 
Procedia CIRP 52: 161-166.

60	 Schwab K (2016) the Fourth Industrial Revolution. Geneva, 
Switzerland: World Economic Forum.  

61	 Shrouf F, Ordieres-Mere J, Garcia-Sanchez A (2014) Smart factories 
in Industry 4.0: A review of the concept and of energy management 
approached in production based on the Internet of Things paradigm.  
IEEE Int Conf Ind Eng Manag 697-701.

62	 Simoes P, Caldeirinha VR, Marques M, Lopes N (2019) Digital 
transformation in logistics: A systematic literature review and 
implications for future research. Sustainability 11: 4106.

63	 Sohail MS, Kamble SS, Gunasekaran A, Papadopoulos T (2020) 
Industry 4.0 and its implications for operations, marketing, and 
competition. Technological Forecasting and Social Change 153: 
119943.

64	 Song Q, Yan J, Xue Y, Xie H, Li X (2021) The impacts of Industry 4.0 on 
human resource management: A systematic literature review. J Bus 
Res 130: 381-391.

65	 Srinivasan R, Lian J, Nair SK (2019) Industry 4.0 and its impact on 
supply chain innovation: An exploratory study. J Manuf Tech Manag 
30: 1092-1112.

66	 Stoilova S, Ruskova A, Ivanov D (2018) A review of the current state 
and future development of Industry 4.0. Int Sci Conference Ind Sym 
259-264.

67	 Turetken O, Erol R, Oztemel E,  Gulluce M (2018) Industry 4.0 and 
strategic sourcing: A review and research agenda. Int J Prod Res 56: 
1755-1773.

68	 Wong CY, Teo HH (2018) Industry 4.0: A bibliometric review of the 
literature. Int J Prod Res 56: 5293-5314.

69	 Wu CH, Lin CY, Chang YH (2020) the effect of Industry 4.0 on the 
operational performance of manufacturing firms: Evidence from 
Taiwan. Int J Prod Econ 219: 150-161.

70	 Wu Z, Li X, Liu Q (2020) the effect of digital technologies on the 
performance of manufacturing firms: Evidence from emerging 
economies. Int J Prod Eco 219: 399-408.  

71	 Wu Z, Shi Y, Sun H (2017) The application of Industry 4.0 in China: 
A case study. Advances in Intelligent Systems and Computing 520: 
722-731. 

72	 Xu LD, Xu EL, Li L (2018) Industry 4.0: State of the art and future 
trends. Int J Prod Res 56: 2941-2962.

73	 Yin X, Li X, Li Z, Li X (2018) the impact of Industry 4.0 on logistics: A 
moderated mediation model. Int J Prod Econ 205: 135-146.

74	 Yu H, Rong K (2019) A systematic review of Industry 4.0-based future 
manufacturing. J Cleaner Produ 213: 37-49.

75	 Zamani M, Abbasi M, Nezamabadi-pour H (2017) Industry 4.0: State 
of the art and future trends. J Comp Ind 92: 1-13.

76	 Zawadzki P, Pokojski J, Siwiec J (2017) Industry 4.0: Review of 
literature and potential impact on industrial ecology. J Cleaner Prod 
142: 4276-4287.

77	 Zeschky M, Widenmayer B, Gassmann O (2014) Frugal innovation in 
emerging markets. Res Tech Manag 57: 28-35.

78	 Zhang J, Yin Y, Liu Y, Song M (2018) The impacts of Industry 4.0 on 
supply chain management.

https://link.springer.com/chapter/10.1007/978-3-031-07199-7_9
https://link.springer.com/chapter/10.1007/978-3-031-07199-7_9
41. Nidhra R, Yadav G, Rana NP (2019) the impact of Industry 4.0 on logistics: A bibliometric analysis and research agenda. J Ent Inform Manag 32: 215-241.
41. Nidhra R, Yadav G, Rana NP (2019) the impact of Industry 4.0 on logistics: A bibliometric analysis and research agenda. J Ent Inform Manag 32: 215-241.
https://edisciplinas.usp.br/pluginfile.php/4150288/mod_resource/content/1/2.4.Pare et al. 2015 - literature review.pdf
https://edisciplinas.usp.br/pluginfile.php/4150288/mod_resource/content/1/2.4.Pare et al. 2015 - literature review.pdf
https://www.mdpi.com/2673-7116/1/1/2
https://www.mdpi.com/2673-7116/1/1/2
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=47.%09Piller+FT%2C+Moeslein+KM%2C+Stotko+CM+%282019%29+Digitalization+of+the+innovation+process%3A+A+literature+review+of+theory+and+empirical+evidence.+Inter+J+Innov+Manag+23%3A+1950046&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=47.%09Piller+FT%2C+Moeslein+KM%2C+Stotko+CM+%282019%29+Digitalization+of+the+innovation+process%3A+A+literature+review+of+theory+and+empirical+evidence.+Inter+J+Innov+Manag+23%3A+1950046&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=47.%09Piller+FT%2C+Moeslein+KM%2C+Stotko+CM+%282019%29+Digitalization+of+the+innovation+process%3A+A+literature+review+of+theory+and+empirical+evidence.+Inter+J+Innov+Manag+23%3A+1950046&btnG=
1.%09https:/hbr.org/2015/10/how-smart-connected-products-are-transforming-competition
1.%09https:/hbr.org/2015/10/how-smart-connected-products-are-transforming-competition
https://mdpi-res.com/books/book/5720/Sustainable_Assessment_in_Supply_Chain_and_Infrastructure_Management.pdf?filename=Sustainable_Assessment_in_Supply_Chain_and_Infrastructure_Management.pdf
https://mdpi-res.com/books/book/5720/Sustainable_Assessment_in_Supply_Chain_and_Infrastructure_Management.pdf?filename=Sustainable_Assessment_in_Supply_Chain_and_Infrastructure_Management.pdf
https://www.mdpi.com/2071-1050/13/21/11643
https://www.mdpi.com/2071-1050/13/21/11643
https://www.mdpi.com/2227-9717/10/5/842
https://www.mdpi.com/2227-9717/10/5/842
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5797748/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5797748/
https://www.techscience.com/csse/v37n3/41714/html
https://www.techscience.com/csse/v37n3/41714/html
https://www.sciencedirect.com/science/article/pii/S2212827116307909
https://www.sciencedirect.com/science/article/pii/S2212827116307909
https://ieeexplore.ieee.org/abstract/document/7058728
https://ieeexplore.ieee.org/abstract/document/7058728
https://ieeexplore.ieee.org/abstract/document/7058728
https://researchrepository.rmit.edu.au/esploro/outputs/doctoral/Nanofibers-and-nanoporous-metal-oxides-for/9921863724501341
https://researchrepository.rmit.edu.au/esploro/outputs/doctoral/Nanofibers-and-nanoporous-metal-oxides-for/9921863724501341
http://agri.ckcest.cn/file1/M00/06/68/Csgk0FykGByASgQYAAyCaxt8sVI344.pdf
http://agri.ckcest.cn/file1/M00/06/68/Csgk0FykGByASgQYAAyCaxt8sVI344.pdf
https://www.semanticscholar.org/paper/Literature-review-of-Industry-4.0-and-related-%C3%96ztemel-Gursev/124aefc409a714efd73c505130ff2b6eb585d135
https://www.semanticscholar.org/paper/Literature-review-of-Industry-4.0-and-related-%C3%96ztemel-Gursev/124aefc409a714efd73c505130ff2b6eb585d135
https://www.mdpi.com/2071-1050/10/10/3491
https://www.mdpi.com/2071-1050/10/10/3491
https://www.mdpi.com/2071-1050/10/10/3491
https://www.mdpi.com/2071-1050/13/22/12844
https://www.mdpi.com/2071-1050/13/22/12844
https://www.mdpi.com/2071-1050/13/22/12844
http://agri.ckcest.cn/file1/M00/06/68/Csgk0FykGByASgQYAAyCaxt8sVI344.pdf
http://agri.ckcest.cn/file1/M00/06/68/Csgk0FykGByASgQYAAyCaxt8sVI344.pdf
https://www.tandfonline.com/doi/abs/10.1080/00207543.2018.1444806
https://www.tandfonline.com/doi/abs/10.1080/00207543.2018.1444806
https://www.sciencedirect.com/science/article/abs/pii/S0959652619313393
https://www.sciencedirect.com/science/article/abs/pii/S0959652619313393
https://www.ifm.eng.cam.ac.uk/uploads/Research/CTM/Roadmapping/Roadmapping_Bibliography_Phaal.pdf
https://www.ifm.eng.cam.ac.uk/uploads/Research/CTM/Roadmapping/Roadmapping_Bibliography_Phaal.pdf
https://journalofcloudcomputing.springeropen.com/articles/10.1186/s13677-022-00314-5
https://journalofcloudcomputing.springeropen.com/articles/10.1186/s13677-022-00314-5
https://www.mdpi.com/2071-1050/12/14/5650
https://www.mdpi.com/2071-1050/12/14/5650
https://www.tandfonline.com/doi/abs/10.5437/08956308X5404007
https://www.tandfonline.com/doi/abs/10.5437/08956308X5404007
https://www.mdpi.com/2071-1050/13/14/7520
https://www.mdpi.com/2071-1050/13/14/7520

