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ABSTRACT 

In the present times, the great industrialists are convinced that the world is at the verge of a new 

Industrial Revolution 4.0 to happen. Therefore, on the global, national and organizational level, the 

issue of Industry 4.0 has attained an agenda status among the policy makers. Since the evolution of 

organizations depends on the evolution of workforce, therefore, the competency development of human 

capital has become a primary concern for the technology champions around the world to stay relevant 

in the I.4.0 era. By determining the key competencies of human capital in the I.4.0 environment, 

organizations can be best facilitated to develop their human resource so that they can sustain and grow 

as per the standards of I.4.0. This study explores the literature to find out the key human capital 

competencies required in I.4.0, under the categories of personal, social and technical competencies. 

Consequently, all the competencies are well-integrated to develop a conceptual framework of 

competencies for Smart HR. 4.0. The findings of this study contribute well in better decision making for 

agenda setting and strategic plan formulation for competency development of human capital in the 

organizations.  

Keywords: Industrial Revolution 4.0, Industry 4.0, Smart HR 4.0, Impact of I.4.0 on Human Capital, 

Human Capital Competency for I.4.0. 

  

1. INTRODUCTION  

Revolutions do not occur over night; rather it is the outcome of continuous evolution and upgradation. 

At this point of time, the human race is believed to be on the threshold of another industrial revolution, 

which is deemed as the climax of human advancement since he started his journey of Science to conquer 

the forces of nature (Wang, 2018). The revolutions from water-powered mass production to smart 

processing and manufacturing, were all driven by the miraculous human creativity, problem-solving 

skills and innovativeness. Today the human genome has become as readable as a text document which 

can be edited and transformed. Therefore, the precession to medications has been transformed to a great 

deal. A lot of work will be outsourced to algorithms to optimize them to their potential, including 

managing financial portfolios, qualifying loan applications, and optimizing travel routes etc. 

Manufacturing industries will be Smart Manufacturing 4.0/Industry 4.0 and human resource will be 

Smart Human Resource 4.0. This is how the future of production has been forecasted (Agolla, 2018). 

Professor Klaus Schwab seems pretty convinced in his book, “The Fourth Industrial 

Revolution”, that mankind is at the eruption of revolution which has fundamental impacts on all the 

life-aspects which may include family life, professional life and the way we can relate to one another 

(World Economic Forum, 2018). His perception holds immense substance due to his position of being 

at the helm of global affairs for over four decades. Today no country or organization can afford to take 

a backseat without playing an active part in IR 4.0 and Smart manufacturing associated with it (Agolla, 

2018). IR 4.0 is no more a pipe dream, but it has come to affect all walks of life. It is crucial for the 
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policy-makers and academic researchers to understand the impacts of the state-of-the-art technologies 

on the economy, society and politics of nations and come up with problem-solving policy measures.  

Undoubtedly the massive scale inclusion of advanced technology coming from IR 4.0 will bring 

aggrandized improvement and benefits to every aspect of life than any industrial revolution has brought 

ever before. However, these adaptations are also prone to bring variety of challenges stemming from 

IR 4.0 (Xu et al., 2018).  

In reference to I.4.0, Smart Human Resource 4.0 (Smart HR 4.0) is a new concept which has 

evolved with IR4.0 and I.4.0. Smart HR 4.0 is the creative human resource augmented with innovation-

led tuples of I.4.0 including IoT, Artificial Intelligence, Big Data Analytics, and speedy data network 

like 4G and 5G (Sivathanu & Pillai, 2018). The digital interconnection between people, technology and 

objects has blurred the biological, physical and technological borders. Such an interconnection can 

bring a revolution in the entire value-added manufacturing processes. Studies from Germany have come 

to the conclusion that the area which will be influenced the most and will go through major adaption 

and change will be the “human workforce” (Pfeiffer, 2017).  

As per the Chief Executive Officer (CEO) of K-Pintar, there has been a lot of debate on 

technologies, automotive or robotics, in the context of IR 4.0, but only those companies will be taking 

a successful leap to thrive in IR 4.0 which give due consideration to their human capital. He emphasizes 

that the companies only evolve when the human capital evolve (Mustafa, 2018). The World Bank group 

has anticipated that in the coming decade, two third of all jobs are vulnerable due to high scale 

automation in the developing countries (MBOT, 2017). According to (Wang, 2018), the skilled human 

workforce in inadequate in both the quality and quantity to fulfill the high-tech manufacturing 

vacancies. He further states that most of the apprenticeship programs to enhance the competency of 

human workforce are not scalable as per the I.4.0 standards.  

Agolla (2018) states that the most important characteristics needed for human capital 

adaptability and sustainability as per the up-coming transitions in the work environment are: experience, 

knowledge, skills and education. Today the human capital is more creative than ever before, rather he 

is required to be a superhuman capital. The I.4.0 consists of an environment in which interaction of 

human capital with machines is the actual rule of the game. The features of Smart manufacturing 4.0 

require creative and innovative workforce. Such a kind of workforce is nurtured through experience, 

academics, knowledge, skills and creativity powered by inner motive in them. The conventional 

physical/tangible workforce is no more the need of organizations, since the future offers a pandora box 

of changes, testing the human intelligence and competency in a number of ways. Therefore, these very 

characteristics are regarded crucial for human capital to take the transition towards Smart Human 

Resource 4.0 (Smart HR 4.0).  

The evolution of industries for I.4.0 is bound with the evolution of the human workforce. Hence 

the policy makers are facing a competition between technology and competency development of human 

workforce to match with high pace of cutting-edge technologies. To win the race it is much needed to 

identify the required competencies for human capital and formulate effective policies for empowering 

the human capital to acquire those competencies (Suzana Ariffin et al., 2020). This paper aims to 

identify the determinants of competent human capital in I.4.0 era. A framework is developed in this 

study to determine the human capital competencies for industry 4.0. The outcome of this study 

contributes in helping the policy makes regarding better decision making for the existing initiatives of 

agenda setting and formulation of strategic plan for the human capital competency development for 

I.4.0. 

 

2. REVIEW OF LITERATURE  

2.1. Industry 4.0 

Industry 4.0, commonly referred as either as 4th Industrial Revolution, Integrated Industry, Smart 

Industry, or Industrial internet, is currently a much-discussed topic in the industrial scenario, 

irrespective of being a manufacturing, services or agricultural industry. Having the potential to affect 

all the industries, this umbrella concept of I. 4.0 has set the approach of international business to prepare 

for its arrival (Milagros Diaz Bermudez, 2017a).  Now the I.4.0 is building up on the I.3.0, since the 

digital revolution has been occurring since the middle of the last century. However, it is different than 

I.3.0 because the previous computerized and electricity-powered assembly lines had their influence on 

work environment and daily life utilities, however, this I.4.0 will even change the human ideas about 
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what it means to be a human (Marr, 2018). It is marked by a fusion of various technologies such that 

the border between biological, physical, and digital spheres are being blurred (WEF, 2017).   

The term Industry 4.0 was coined by Klaus Schwab, founder and executive chairman of the 

World Economic Forum, in his book “The Fourth Industrial Revolution” (Xu et al., 2018) . Klaus 

Schwab defines the IR 4.0 as a world where individuals move between digital domains and real world 

with the use of integrated technology to manage their daily life (Xu et al., 2018). As a subset of IR.4.0, 

the I.4.0 or Smart Industry is an execution system based on integration of human and machine building 

blocks. These blocks are embedded systems with decentralized control to collect real-time information 

for improved production processes and goods (Rojko, 2017).  

The main objective of I.4.0, defined by (Milagros Diaz Bermudez, 2017) is, “to strengthen and 

extend the long-term competitiveness of the company by increasing the flexibility and efficiency of 

production through communication, information and intelligence”. As per him the key components to 

achieve these objectives is IoT or rather Internet of everything. It is precisely, an interconnection of 

several intelligent networks of industries along with the entire value chain. These networks will reduce 

process time, product development time embedded with real time transparency as an enabler of faster 

execution of more flexible decisions (Sima et al., 2020). 

Leong, Low Mei; Kasmuri (2017) elaborate that the I.4.0 is marked with three main features 

which distinguish it from the last industrial revolution. They are: Velocity, Scope and Systems Impact. 

The momentum of current breakthroughs and emerging technologies is unforeseen in the history. The 

I.4.0 is taking over with an exponential rather than linear pace by making obsolete almost every industry 

in different countries. The scope of these disruptions heralds the transformation of entire system of 

production, management and governance.  

2.2. Nine Building Blocks of I.4.0 

It is anticipated by (Rübmann et al., 2015), that in the transformation of I.4.0, machines sensors, work 

pieces, and IT system will be connected with the entire value chain beyond a single enterprise. These 

integrated systems will interact with one another through internet protocols. They will analyze data to 

pre-empt failure and will do automated configuration to adapt new changes. Such an intelligent analysis 

across machines will enable faster, more flexible and more efficient processes for improved and quality 

production at reduced costs, ultimately, introducing new competitiveness for companies at large. This 

entire mechanism will be based on nine prime technologies or pillars as identified by (Rübmann et al., 

2015). These technology pillars are already a part of current manufacturing system, however, in an 

isolated or loosely integrated way. Whereas, the glaring difference of their involvement in the smart 

manufacturing will be that of intense integration, automation and optimized production flow of these 

systems. The nine pillars of IR 4.0 are Internet of things (IoT), Big Data Analytics, Autonomous 

Robotics System, Cloud Computing, Additive Manufacturing/ 3D Printing, Cyber Security, Virtual and 

Augmented Reality, Simulation, Horizontal and Vertical System Integration, as illustrated in figure 2.1; 

Figure 2.1:  Key Components of Industry 4.0 

 

Source: (Rübmann et al., 2015) 
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2.3. Impact of Industry 4.0 on Human Capital 

All the industrial revolutions in the history of mankind have led to economic transformation as well as 

have threatened employment. However, in the past two hundred and fifty year, technological innovation 

has never been the reason for mass unemployment of human workforce (Chuah et al., 2018).  The 

automations and digitization do take over some human activities of jobs, however, it does not 

necessarily spell the elimination of that line of work. At times the number of jobs increases as a result 

of automation ((Michael Chui, James Manyika, 2016). 

The literature is categorized between pessimistic and optimistic views of researchers on the 

subject of impacts of Industry 4.0 on human capital and their employment. The glamorous high rate of 

production and efficiency promised by I.4.0, have positive impact on human capital productivity, 

however, the emerging technologies also have potential negative challenges on human capital in terms 

of jobless in the future (Cerika & Maksumic, 2017).  

A distinguishable feature of I.4.0 among past industrial revolutions will be that, the integrated 

technologies in I.4.0 will be able to perform some non-routine manual and cognitive tasks as well. Such 

tasks have been reserved to humans in the previous industrial revolutions. They include: application of 

logic, information to provide a wide array of goods and services for automated manufacturing, 

transportation to bookkeeping and judicial decisions (Chuah et al., 2018).  

As per (Hrdy, 2018), one side of the picture of technological innovation is technological 

unemployment, but the other side gives the brighter side of technological employment. As per him, 

“not all labor-saving innovations are labor-displacing”. Precisely, by labor saving jobs, he means 

reduction of human workforce to complete a job. Different economists have documented that most of 

labor displacing innovations, ultimately create more human labor sources than destroyed, hence 

generating substitute jobs for those which are eliminated (Sima et al., 2020). 

Indeed, the potential of I.4.0 is not only limited to job creation, whereas, it will have fruitful 

impacts on the entire supply-chain. Less wastage, less storage, better monitoring and maintenance of 

machinery with improved safety and security are the defining characteristics of innovation-led I.4.0. 

Such features have attracted the concern and fascinated the global business orientation (Pandiyan, 

2017). Rübmann et al. (2015) assess the impact of I.4.0 on Germany and is sanguine that, the revolution 

will transform the manufacturing, services, design and operation of both products and production 

systems. It is anticipated that the human to machine and machine to machine (M2M) systems will make 

the production systems 30% faster and 25% more efficient, therefore, reaching up to mass customization 

to new levels (Rübmann et al., 2015).  

Chuah et al. (2018) deduces from the historical revolutions that the improvements brought 

about by the past three industrial revolutions has developed countries to the level which was 

unprecedented in both material living standards and leisure. Yet it must be realized that productivity 

gains take time to materialize. The electrification revolution bore results after 30 years of factory 

electrification. Similarly, the implementation of ICT started in 1970s and provided impacts only in 

2000s. At the same time, a noticeable increase was witnessed in productivity. Using such resources 

require transformation of process but it is not an overnight paradigm shift. It can take years to be fully-

functional along with substantial investment without immediate payoff. Similarly, substituting human 

labor with machine takes time and situations to a given context.  Generally, many of the developing 

countries the concerns of implications of I.3.0 still appear more urgent than those of I.4.0 (Suzana 

Ariffin et al., 2020).  

Given the promising potential of I.4.0 in productivity and welfare, the negative concerns about 

I.4.0 appear to be misguided. The same technologies can replace jobs in some places but create jobs in 

other places. This calls for proper policy initiatives to identify the required competency skills of future 

work. So that, the appropriate strategic plans could be designed to well prepare the workforce to be 

competent and skillful to operate the automated systems and benefit from the technological innovations, 

which the mankind has never seen before (Chuah et al., 2018).  

2.4. Smart HR 4.0 & Industry 4.0 Competency Requirement 

The Smart HR is characterized by competency to perform aptly in digital technologies including IoT, 

Big Data Analytics, AI, and other components of I.4.0. Smart HR 4.0 is new generation of workforce 

to operate in I.4.0 domain. He is powered by emerging technologies having the potential to revolutionize 

end-to-end human resource management strategies befitting to the new landscape of new jobs 

(Sivathanu & Pillai, 2018).  
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Both Gen Y and Gen Z human resource (born after 2000) have grown in the age of internet, 

social media and smart phones. They have novel mindset and expectation about their job including time 

and space flexibility, instant feedback, anytime and anywhere collaboration, open-minded culture, data-

driven decisions. The workforce of I.4.0 era is more innovative and productive, equipped with 

technologically evolved work-environment and facilitated by cutting-edge innovations of I.4.0 

(Sivathanu & Pillai, 2018). 

Being rightly skilled at the right time, is a capability that can transform “replacing” technologies 

of I.4.0 into “enabling” technologies (Chuah et al., 2018). Therefore, it is imperative to identify the right 

competencies for Smart HR 4.0 to be cable of perform effectively in the work-environment of I.4.0.  

The research on Industry 4.0 is still in its early stages. The research is even scarcer when it 

comes to identifying required competencies for human capital for I.4.0 (Kusmin et al., 2017). However, 

despite of its novelty there has been some recent research on the subject. In literature there are different 

categorizations of competencies for instance Erpenbeck and Rosenstiel in 2007 offered a model by 

categorizing competencies into: personal competences, social/interpersonal competencies, action-

related competencies and domain-related competencies (Prifti et al., 2017). Later (Hecklau, Galeitzke, 

Flachs, & Kohl, 2016) developed an I.4.0 competency model with four major categories: personal 

competencies, social/intrapersonal competences, methodological competencies and technical 

competencies. Another study, (Grzybowska & Łupicka, 2017), classified the managerial competencies 

into three categories, from the I.4.0 perspective. They are technical competencies, managerial/personal 

competencies and social competencies. The current study is based on the competency categories by 

(Grzybowska & Łupicka, 2017). The competencies in each category have been selected depending upon 

the occurrence in the literature. The following table is a display of each category:  

Table 2.1: I.4.0 Competencies for Human Capital 

 

 

Competency categories Competency Names References 

 

 

 

 

 

 

 

 

 

 

 

Personal competency 

Adaptability  (Hecklau et al., 2016), (Hendrick, 

2017), (Agolla, 2018a), (Davies et 

al., 2011), (Milagros Diaz 

Bermudez,2017b) 

Creativity and Innovativeness (Agolla, 2018), (Hendrick, 2017), 

(WEF Report, 2018), (Milagros 

Diaz Bermudez, 2017b), (Suzana 

Ariffin et al., 2020) 

Lifelong learning (Karre et al., 2017), (Agolla, 

2018), (Fantini et al., 2018), 

(Suzana Ariffin et al., 2020), 

(Schroeder, 2016) 

Problem solving (Agolla, 2018), (Fantini et al., 

2018), (Hendrick, 2017), (Aulbur 

et al., 2016),  (WEF Report, 2018) 

Analytical Thinking (Suzana Ariffin et al., 

2020),(Schroeder, 2016), (Fantini 

et al., 2018),(WEF Report, 2018) 

 

 

 

 

 

 

 

 

Social Competency 

Communication (Hecklau et al., 2016), (Agolla, 

2018), (Karre et al., 2017), , 

(Fantini et al., 2018),  

Virtual Collaboration (Suzana Ariffin et al., 

2020),(Fantini et al., 2018), 

(Davies et al., 2011), (Milagros 

Diaz Bermudez,2017b) 

Teamwork (Hecklau et al., 2016),(Karre et al., 

2017), (Fantini et al., 2018), 

(Hendrick, 2017) 
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2.5. Conceptual Framework of Competencies for Industry 4.0 

A comprehensive conceptual framework has been developed to provide a holistic view of competencies 

for human capital development in I.4.0 as presented below in Figure 2.2. Based on literature review, 

the conceptual framework is composed of three main competency categories viz., personal competency, 

social/intra-personal competency and technical competency. The given framework takes into 

consideration that the three competency categories will empower the existing generation of human 

capital to be I.4.0-ready. 

 Leadership Skills (Hecklau et al., 2016), (Suzana 

Ariffin et al., 2020) (Milagros 

Diaz Bermudez,2017a),  (WEF 

Report, 2018) 

Emotional Intelligence  (Aulbur et al., 2016), (WEF 

Report, 2018), (Suzana Ariffin et 

al., 2020) 

Networking (Hecklau et al., 2016),(Suzana 

Ariffin et al., 2020), (Agolla, 

2018) 

Trans-disciplinarily (Agolla, 2018), (Suzana Ariffin et 

al., 2020), (Milagros Diaz 

Bermudez,2017b) 

 

 

 

 

 

 

 

Technical Competency 

ICT Literacy  (Hecklau et al., 2016),  (Milagros 

Diaz Bermudez,2017a), (Karre et 

al., 2017), (Agolla, 2018), (Fantini 

et al., 2018),  

Ambiguity Tolerance (Hecklau et al., 2016), (Karre et 

al., 2017), (Agolla, 2018) 

Troubleshooting (Fantini et al., 2018),(Aulbur et 

al., 2016), (Suzana Ariffin et al., 

2020) 

Media Literacy (Hecklau et al., 2016), (Agolla, 

2018) 

Data Management (Ger, 2018), (Suzana Ariffin et al., 

2020), (Milagros Diaz 

Bermudez,2017a) 

Data Analytics (Karre et al., 2017), (WEF Report, 

2018), (Fantini et al., 2018),  

(Agolla, 2018), 

Data Security (Hecklau et al., 2016), (Karre et 

al., 2017), (Suzana Ariffin et al., 

2020) 

Entrepreneurial Thinking (Hecklau et al., 2016), 

(Grzybowska & Łupicka, 2017) 

Research Skills (Agolla, 2018), (Milagros Diaz 

Bermudez, 2017a), (Grzybowska 

& Łupicka, 2017) 
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Figure 2.2: Conceptual Framework for Smart HR 4.0 

 

 

3. METHODOLOGY  

To determine the befitting competencies of human capital for I.4.0, a comprehensive literature review 

was conducted offering rigorous view of results. The most glaring objective of literature review was to 

determine and categorize the I.4.0 human capital competencies, defined in the modern literature. A 

concept-centric approach was chosen by using key words: “Industrial Revolution 4.0”, “Industry 4.0”, 

“Smart HR 4.0”, “Impact of I.4.0 on Human Capital”, “Human Capital Competency for I.4.0”. Only 

articles where I.4.0 could be explored and where explicit competencies are mentioned, were chosen. 

All the hits were first traversed on the basis of the title and abstract only. In a next phase, the articles 

were scanned completely. The competencies in each category have been selected based on the 

occurrence in the literature. For instance, Erpenbeck and Rosenstiel in 2007 came up with a model 

providing competencies into four categories: personal, social/interpersonal, action-related and domain-

related competencies (Prifti et al., 2017). Ater that, Later, (Hecklau, Galeitzke, Flachs, & Kohl, 2016) 

developed an I.4.0 competency model having four major categories: personal competencies, 

social/intrapersonal competencies, methodological competencies and technical competencies. Whereas, 

in another research (Grzybowska & Łupicka, 2017), categorized the managerial competencies into three 

categories, from Industry 4.0 perspective. They are technical competencies, personal competencies and 

social competencies. This exiting study relies on the competency categories given by (Grzybowska & 

Łupicka, 2017). In order to provide a holistic view of human capital competencies, a conceptual 

framework has been created. Backed by the literature review, the framework comprises of three main 

categories including personal, social and technical competencies. This framework considers that the 

three respective categories of human capital development, are the enablers to reposition the current 

generation of human capital to be I.4.0 ready.  

 

4. DISCUSSION 

This study suggests three categories of competencies for human capital development in I.4.0 which are: 

personal, social and technical competency. The individual competencies in the categoreies were 

selected based on supporting literature. All the competencies were integrated to form a conceptual 

framework of competencies for Smart HR 4.0. The literature shows that research on human capital 

competencies on I.4.0 is rather very scarce. This study makes several theoretical and practical 

implications. This study contributes to provide a comprehensive understanding about multiple human 

capital competences to be aligned with I.4.0. Organizations now days are in transition phase towards 
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I.4.0. It is essential for them to equip their human capital to be competent enough to face the challenges 

in the domain of I.4.0. This study can well-contribute to better decision making for agenda setting and 

proper strategic plan formulation for the competency development of human capital in the 

organizations. The proposed competency framework in this study could be used in practice by 

organizations. The job profiles for I.4.0 could be defined by using the proposed framework in this study. 

Though it might not be the case to have all competencies in an employee, but some of the proposed 

competencies can be used to describe profiles. The proposed competencies can be brought into use 

while developing competency-based curricula for the employees in organizations.  

 

5. CONCLUSION & FUTURE WORK 

This research provides a detailed list of essential competencies befitting for the work-environment in a 

digitized and deeply connected world of Industry 4.0. Despite of different requirements of every job, 

the determined human capital competencies are becoming progressively important and therefore must 

be addressed by human resource departments. There are also some limitations of this study. The 

proposed framework and analysis carried out in this study are based on a literature review of some 

limited databases. Future studies could be carried out by exploring more databases, especially synced 

with some empirical data through interviews from experts and focus groups to have their insights on 

the proposed framework. It would also be helpful to identify more aspects of competencies and how the 

proposed framework could be applied in practice. 
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