
171

ECONOMIC ANNALS-XXI
DEMOGRAPHY, WORKFORCE ECONOMY, SOCIAL AND ECONOMIC POLICY

Tuegeh, O. D. M., Harangi-Rákos, M., & Nagy, A. Sz. / Economic Annals-XXI (2021), 190(5-6(2)), 171-180

Industry 4.0 and human resource in Indonesia: 
a systematic literature review

Abstract
There are concerns about the impact of Industrial Revolution 4.0 and challenges on the job market. This 
research purpose is to analyze the impact of the 4.0 industrial revolution on the labor market related to 
its consequences for higher education. Based on the Systematic Literature Review using VOSview, this 
research found the challenges of Industry 4.0 on the job market in Indonesia. Based on the challenges, this 
research purpose competencies and skill acquired and how the need for higher education to change to 
answer these challenges.
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1. Introduction
Industrial revolutions increase significantly advance human life. There have been four ma-

jor industrial revolutions throughout the history of human life. The industrial revolution 1.0 be-
gan with the invention of the steam engine in the late 18th century. Industry 2.0 was marked by 
the invention of electricity and mass production in the late 19th century which became the main 
power of production machines, enabling increased effectiveness and efficiency. Industry 3.0 
is marked by the invention of computers and industrial automation in the late 20th century, ma-
chines replaced by electronic devices that are programmed automatically. The industry is en-
tering the era of digitalization. The discovery of the internet in generation 3.0 opened the gates 
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to the generation of industry 4.0, with the use of the Internet of Things (IoT) and Cyber-Physi-
cal System (CPS) (Schwab, 2016).

The main character of the industrial revolution is the integration of artificial intelligence (Ar-
tificial Intelligence) robotics, big data (big data), and the Internet of Things in the production 
process, work, and industry (Angeloska et al., 2020., Dwivedi et al., 2021; Kovács et al., 2021; 
Molano et al., 2018; Nagy et al., 2018., Vida et al. 2021). There are concerns that unemploy-
ment will increase due to the replacement of human labor with smart robots. Low-skilled la-
bor and even skills that are important today such as skilled professions will be lost (Benešová & 
Tupa, 2017; Kipper et al., 2021; Kurt, 2019). According to Kadir et al. (2019), the digitalization 
of this industry will harm the labor market and absorption also disrupt conventional business, 
which is caused by a change in the way of working. The actual labor situation will change in the 
same way in case of the agriculture as well where the use of different IT tools will become com-
mon during the everyday working practice (Cavicchi & Vagnoni, 2018). In case of industrial fi-
shing, when the fisherworkers are able to sail for more than 15 days continuously and when the 
fisherworkers are using more developed technologies, also needs an extended knowledge in IT 
(Anacleto et al., 2019). To learn the use of the different IT tools and to buy them can be challen-
ging for fisherworkers who are still belonging to the poorest classes in several countries (Groves 
Punyaratabandhu, 2020) and who are suffering from different illegal, unethical and non-sup-
portive working conditions (Vandergeest, 2018).

Some simple things in the advancement of digitalization technology have influenced every 
aspect of everyday human life, from how to navigate how to work to how to order food, take va-
cations, study, and work. However, businesses, organizations, and individuals have no choice 
not to pursue Industry 4.0 technology by collaborative-based practices (Fajar et al., 2018; 
 Liboni et al., 2019). With the spread of the modern communication network the speed of the in-
formation flow became much higher: people can get information faster than ever before and 
news can spread around the world faster than ever (Nakamura et al., 2018), while the users of 
different social media platforms can easily decide to share or not to share new information via 
their own surfaces on the different platforms (Tsuda & Tsugawa, 2020). The communication re-
form also has an effect on the knowledge transfer and information sharing in business life as 
well. Every new technology discovery will always have a positive and negative impact on so ciety. 
The most important thing is how to optimize positive effects and anticipate negative ones, turn 
the thread into opportunity. 

The most vulnerable impact of industry 4.0 is in developing countries like Indonesia. Indo-
nesia is a country with abundant natural gifts, requires quality human resources to process and 
manage them to provide optimal benefits for the national economy (Tumiwa & Nagy, 2021). 
Apart from the negative impacts of Industry 4.0, Indonesia has committed to accelerating the 
implementation of industry 4.0 in the manufacturing process. Concerning Industrial revolu-
tion 4.0, the World Economic Forum (WEF) compiles four segments in defining the readiness 
of world countries in facing these challenges. The readiness of the production structure and 
the readiness of the economic structure are the parameters in this classification. According 
to Kearney (2018), Indonesia is in the class of nascent countries, which shows a weak pro-
duction and economic structure. Malaysia and Singapore are in the class of leading countries 
along with the United States, France, the People's Republic of China, the United Kingdom, 
and Japan which have strong production structures and economic structures. Production as-
pect readiness cannot be separated from the ability to comprehend technology. Strengths 
and technology systems will affect the position of the industry in the manufacturing business 
competition.

Indonesia is committed to building a competitive manufacturing industry by accelerating 
the implementation of Industry 4.0. This is marked by the launch of Making Indonesia 4.0 as 
a roadmap and strategy for Indonesia to enter the digital era. The Ministry of Industry (2018) 
designed Making Indonesia 4.0 as an integrated roadmap to implement several strategies 
in entering the Industrial 4.0 era. The implementation of Industry 4.0 aims to create more 
sustai nable economic growth. In the roadmap, five industries are the focus of implementa-
tion, specifically the Food and Beverage Industry, Automotive Industry, Electronics Industry, 
Chemical Industry, and Textile Industry. These five industries are the backbone of the econo-
my which are expected to be able to provide major leverage, increase competitiveness, and 
make a  real contribution to the Indonesian economy. Besides, Making Indonesia 4.0 contains 
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10  cross-sectoral national initiatives to accelerate the development of the manufacturing in-
dustry (Hidayatno et al., 2019).

The main goal of Industry 4.0 is to combining information technology and industry, which 
 also is one of the obstacles in implementing the technology of Industry 4.0 in Indonesia. Never-
theless, even in the most innovative and sophisticated factory, the human role will remain the 
key to success for manufacturing in the future (Kadir et al., 2019; Neumann et al., 2021). This si-
tuation makes the requirements demand for Indonesian employee / human resources qualifica-
tions and skills will be higher, as companies use new technology and smart media (Benešová & 
Tupa, 2017; Lee & Wie, 2015). The employee in the labor market will be expected to have new 
skills in the fields of information technology and data analysis (Kipper et al., 2021). Industry 4.0 
technology allows organizations to be integrated in real-time with stakeholders such as sup-
pliers, manufacturers, retailers, and customers, will benefit the entire supply chain by shared 
information in business processes, such as allocating scarce resources, build innovative solu-
tions, and the emergence of new business opportunities (Mohelska & Sokolova, 2018), while 
it also has an impact on sustainability issues (Nagy et al., 2018; Oláh et al., 2020). Thus, on-
ly qualified and educated employees will be able to control this technology. In order to solve 
the challenged of the next industrial revolution - called Industry 5.0, - the society will also need 
highly qualified human resources (Oláh et al., 2019).

The quality of employees is related to the quality of human resources. Stachova et al. (2019) 
argue that the key to facing Industry 4.0 challenge is employee education. For this reason, the 
development of the quality of human resources through improving the quality of education be-
comes very important. Education in primary and secondary education is limited to structured 
literature from government bureaus, tends to be rigid, and narrative (Nakajima et al., 2019). 
This is because primary and secondary education still has to prioritize the moral values, beha-
vior, and religion of students (Hanafi et al., 2021; Indartono, 2020; Masuda & Yudhistira, 2020; 
Suharno et al., 2020). Thus, higher education institutions or universities play an important 
role in improving the quality of human resources to respond to the challenges of rapid tech-
nological development (Abbas Kazmi & Nábrádi, 2017; Beke et al., 2020; Béresné et al., 2020; 
Csapó et al., 2017; Fekete Farkas & Török, 2011; Kőmíves et al., 2019; Lakatos et al., 1997; 
Németh & Kőmíves, 2020; Sunarto, 2017; Tuegeh, 2016; Vinogradov et al., 2015). With the in-
ternationalization of the higher education, this impact of the universities can spread globally 
(Böcskei et al., 2018; Böcskei et al., 2019; Fenyves et al., 2019; Kőmíves, 2019; Kőmíves, 2020, 
Lakatos, 2015), and this tendency can get deeper with the use of different talent-keeping tools 
(Takácsné György & Takács, 2017).

This research intends to shed light on the dark angles of this issue to address the ambiguities 
that exist regarding the impact of industry 4.0. As a result, the purpose of this study is to exa-
mine the organizational management, in this case, higher education (university). This research 
highlights how the impact of the industrial revolution 4.0 such as the disruption of human work 
with smart machines and the labor market related to its consequences for higher education.

2. Methodology
In order to ensure rigor, objectivity, and transparency in the research process, this research 

adopted a systematic literature review (SLR) approach to obtain replicable and valid results for 
evaluating and interpreting all available published research studies to a precise question or topic 
of interest The SLR process started with the definition of its conceptual boundaries that are cap-
tured by our research question. On such a basis, this research defined the process for searching 
and selecting the documents. The process is summarized in Figure 1.

The keyword search results on Scopus 18 document and Web of Science 23 documents. Sub-
sequently being filtered using keywords, the articles obtained are downloaded in RIS format and 
then analyzed using VOSviewer (Perianes-Rodriguez et al., 2016).

A co-occurrence analysis allows distinguishing the similarities in keywords and concepts. 
Figure 2 shows that the relation between industrial revolution 4.0 on human resource in Indonesia 
is still understudied. However, the VOSviewer shows the clustering of research based on filtered 
keywords shows that there are two clusters as follows: Education Quality (green) and Indonesia In-
dustrial Revolution Study Research Development Technology (Red). The result shows that the im-
pact of industrial revolution 4.0 technology in Indonesia connected to human resources, depends 
on the role of the education quality. 
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Furthermore, based on previous research, it is necessary to analyze the challenges that will be 
faced from the presence of industry 4.0 related to the labor market. Challenges related to human 
resources can be observed from economic, managerial, social, political, technical, and environ-
mental aspects (Dhanpat et al., 2020; Kipper et al., 2021; Stacho et al., 2021). From the various 
challenges identified, the main competencies and skills that the workforce needs to have to an-
swer the challenges are derived. Furthermore, the consequences of the Higher Education cur-
riculum are discussed in meeting the competencies and skills of graduates under the job market.

3. The Challenges of Industry 4.0 on the Job Market in Indonesia
Industry 4.0 creates many new opportunities for society (Müller et al., 2018), but some of the 

challenges (Chauhan et al., 2021; Sommer, 2015) arising from the ongoing automation of artificial 
intelligent and smart digitization process can be summarized as follows: 

Economic challenges
Technological changes in Industry 4.0 result in broad modifications to the organization of the 

company, and also to the people in it (Digmayer & Jakobs, 2018). Cyber-physical-based manufac-
turing and service innovation are two trends challenges that are inevitable for the  manufacturing in-
dustry (Oztemel & Gursev, 2020) which can create new jobs, or change current jobs. The  assembly 

Figure 2: 
Co-occurrence map of main keywords (network visualization)

Source: VOSviewer from Scopus and WoS based on Keyword filter (2021)

Figure 1: 
Research Methodology

Source: Data processing from Scopus and Web of Science database, 2021
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process in production can be optimized with digital twin production (Yi et al., 2021). The introduc-
tion of Cobot (human and robot collaboration) to the assembly line and manufacturing will expand 
automation on the factory level (Sowa et al., 2021), which will increase worker safety and efficiency 
(Li, 2018), and many more (Neumann et al., 2021). 

Thereby increasing industrial productivity, developing products, and production processes and 
creating new business models and new professions, and influencing the design of the work envi-
ronment in the future, and reshaping the labor market (Rahim et al., 2021; Suharno et al., 2020). It 
creates a difference in the type of skills required and a different kind of new profession. Increa sing 
virtual work leads to flexibility of time and place, virtual technology skills, media skills, understan ding 
IT security (Benešová & Tupa, 2017; Hecklau et al., 2016; Liboni et al., 2019; Mantra et al., 2019). 
Problem and conflict resolution skills are needed (Hecklau et al., 2016), and the ability to develop 
self-potential with a willingness to learn new things, in order to adapt knowledge to rapidly chan-
ging developments (Benešová & Tupa, 2017).

Managerial challenges
Managers play an important role in this case because their position as decision-makers is 

still difficult to replace with a thinking machine. In addition, its ability to form a major component 
of a successful change process is very important, understanding how leadership changes, es-
pecially concerning employee and production management also preserving the environment 
(Hidayatno et al., 2019; Ribeiro et al., 2021; Selvarajah & Meyer, 2017), is the key to successful 
management in this era of digitalization. Helming et al. (2019) argues that managers must de-
velop new leadership competencies that are in line with digital transformation such as decision-
making skills, problem-solving, and data analysis skills (Benešová & Tupa, 2017; Selvarajah & 
 Meyer, 2017; Tan et al., 2020).

Social challenges
Demographic changes and shifts in values adopted by society are the factors that most inf-

luence social challenges. More young people will enter the world of work with require diverse cul-
tural backgrounds, and cross-cultural understanding (Hasan et al., 2021; Hecklau et al., 2016; 
 Liboni et al., 2019). It is also necessary to retain knowledge from older employees and maintain 
employee flexibility, this requires the ability to transfer knowledge, accept job rotation (Wulfken & 
Müller, 2018). Managing the challenges and risks of digitization is a shared responsibility of all par-
ties (Liboni et al., 2019). Changing trends in the industrial domain, such as increasing amounts of 
digital data and changing demand and placement of employees, are social challenges that re-
quire serious attention (Rahim et al., 2021). The most important issue is for reducing this risk with 
the employee empowerment approach (Digmayer & Jakobs, 2018). Increasing virtual jobs and 
flexible work processes, increasing jobs with higher qualifications requires a new form of lifelong 
learning (Liboni et al., 2019). 

Political challanges
The government needs to support organizations by education funding development and re-

search programs (Borah et al., 2021; Tuegeh, 2016). The government also needs to prepare legal 
products protection of personal data. Work flexibility will be more extensive, this requires regula-
tions for working time, safety, and comfort to protect employees (Neumann et al., 2021).

Technical challenges
Storing large amounts of data on external servers that should be protected from unauthorized 

access poses additional issues of cybersecurity (Benešová & Tupa, 2017; Hecklau et al., 2016; 
 Liboni et al., 2019; Mantra et al., 2019). Skills in using digital devices, programming, and collabora-
tive use of robots are required, the use of virtual and augmented reality work tools for instruction and 
support for maintenance interventions in the field (Pinzone et al., 2017). Ongoing climate change 
and concerning environmental preservation are also important challenges (Hidayatno et al., 2019; 
Mohelska & Sokolova, 2018). 

Environmental challenges
The ongoing climate change is a major challenge regarding environmental conservation. Tech-

nology industry 4.0 can increase the efficiency of the use of raw materials, be efficient in the 
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 production process, minimize the use of inputs and even eliminate waste (zero waste), and save 
energy. The use of operations management using additive manufacturing technology can achieve 
this goal (Pinzone et al., 2017).

4. Competencies and Skills Based on the Identified Challenges
Industrial technology 4.0 changes the way the industry produces and empowers the compe-

tencies and work domains needed in the future (Rahim et al., 2021). Based on the challenges 
faced, in general, four main competencies are needed in Industry 4.0, such as technical compe-
tence, social competence, personal competence, and professional competence / methodologi-
cal skills (Tan et al., 2020). The result of the required skills based on the main competencies is pre-
sented for each challenge, is presented in Table 1. 

5. Implications for Higher Education
The relationship between education and society must go both ways. Education matches its cur-

riculum with economic, political, social, and technological trends in one direction, while in the other 
direction societal changes are shaped as a result of the educational process. The world of education, 
especially higher education needs to have a better understanding of the skills  needed for the work-
force (Kőmíves et al., 2019; Lee & Wie, 2015; Sunarto, 2017) in the industrial era 4.0. Changes in the 
learning process in higher education must lead to producing graduates who can innovate respon-
ding to future job market challenges (Fajar et al., 2018; Giang et al., 2021; Hasan et al., 2021).  Higher 
education has to transform into «Education 4.0» that produces innovation and « Education 3.0» that 
produces knowledge (Mourtzis et al., 2018; Songkram et al., 2019). 

The revolutionary practice of learning is the independent application of the arts and 
 higher-order thinking skills that come from many disciplines. Several jumps are related to 
the learning process that will produce competencies that are in line with the job profile in 
 industry 4.0 (Songkram et al., 2019; Tan et al., 2020). In addition to a revolution in the learning 
process, higher education also needs to adjust the achievement of graduate competencies 
that are contained and applied in curriculum content, especially aimed at achieving technical 
and professional/methodological competencies (Sunarto, 2017).

Various literacy is needed in the industrial era 4.0. Some important literacies such as data li-
teracy are needed to improve skills in processing and analyzing big data for the benefit of impro-
ving public services and business (Giang et al., 2021; Hasan et al., 2021). In addition to data li-
teracy, technology literacy shows the ability to take advantage of digital technology that connects 
machines, robots, and humans in industrial and community services. Very important literacy is hu-
man resource literacy 4.0, as a soft skill element needed for the development of personal compe-
tence (Borah et al., 2021) and social character of individuals to be independent, flexible, able to 
collaborate, be responsible, adaptive, and knowledgeable to answer all the challenges. This litera-
cy is believed to be achieved by generalized blended learning (i.e., mixed e-learning with face-to-
face learning methodologies) (Hanafi et al., 2021; Sukendro et al., 2020). Thus, Indonesian higher 
education needs to change according to changing environment.

6. Framework Purpose for Industrial Revolution 4.0, Human Resource, 
and Higher Education in Indonesia
The model for developing the quality of human resources concerning higher education is 

still understudied. Based on the results of the analysis and discussion also based on previous 

Table 1: 
Skill Competences form Previous Researches

Source: Data processing from Scopus and Web of Science database (2021)
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 research, this study proposes a framework on how to develop the quality of human resources in 
responding to the challenges of the industrial revolution and its relation to higher education as 
follows in Figure 3.

7. Concussion
Industrial revitalization 4.0 requires the preparation of human resource skills to face changes in 

the labor market. The reduction of the low-skilled and standard workforce is a real threat, espe-
cially in the manufacturing industry. However, the need for new skills and new types of work will 
 also become evident in the future, and more jobs will likely arise than the types of jobs that are lost. 
Higher education must be able to adapt learning techniques and topics to meet the demands of 
technical competence, professional/methodological competence, social competence, and per-
sonal competence needed in the future. Higher education must be able to reform the learning pro-
cess in line with Education 4.0 and strengthening curriculum content related to the competencies 
to produce innovative human resources.
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