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Abstract. The Fourth Industrial Revolution entails the evolution of technology toward more
automated means and implementation of the Internet of Things. This technological change will
impact jobs, whereby some become obsolete while others are created. The workforce needs to
acquire new skills to survive the Fourth Industrial Revolution. This literature review aims to identify
new skills required by the workforce in the Fourth Industrial Revolution. This study involves a
review of relevant literature, such as scholarly articles and organizational reports. The literature
review was done to identify recommended skills based on the themes of “Fourth Industrial
Revolution,” “Skills,“ “Change,” and “Labour force.” The literature obtained was organized based on
the type of skills suggested in the studies. The workforce requires high-level technical skills, higher-
order cognitive skills, and human or interpersonal skills for the Fourth Industrial Revolution.
Creative thinking, decision-making, critical thinking, negotiation, and persuasion will be required,
as machines lack these abilities. While this literature review covers a broad range of skills needed
for the Fourth Industrial Revolution, it may not apply to all organizations. An external variable, such
as education standards, may influence skills that different firms might require. This paper will assist
supervisors and training providers in understanding the skills needed for the workforce in the
Fourth Industrial Revolution.
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1. Introduction

Organizations have been implementing Industry 4.0 into their systems and operations.
With this implementation, most companies have become either semi-automated or fully
automated. Industry 4.0 also involves the transformation to digital industrial
manufacturing systems. It also connects various strategic partners through the Internet of
Things (IoT) to meet more diverse needs (Naruetharadhol et al, 2022). Industry 4.0
technologies help increase the efficiency and effectiveness of the energy product life cycle
and value chain (Berawi et al.,, 2020). This automation may pose issues for employees as
there is a risk that the automation will completely take over existing jobs. As a result, there
will be a rise in unemployment among the workforce should companies choose to release
some employees. However, new jobs requiring advanced skills will be created (World
Economic Forum, 2016). Instead of hiring new talent, organizations can choose to reskill
and upskill their existing employees.
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1.1. The Fourth Industrial Revolution and Industry 4.0

The Fourth Industrial Revolution is a form of disruptive change in technology that
covers multiple drivers of change (Frey & Osborne, 2013). This change ranges from shifting
the nature of work, consumer ethics, the Internet of Things, robotics, cloud computing, and
many more. It generally involves large-scale digitalization and technological advancement
in various industries and sectors. Industry 4.0 plays a role in the Fourth Industrial
Revolution by applying disruptive technologies mentioned in the previous section. For
example, such applications would be implementing robotics or automation in a factory's
assembly line. The significant difference between Industry 4.0 and the currently existing
technology would be focused on automation rather than manual labor for specific tasks
(Taylor, 2005).

1.2. Skills Shift with Industry 4.0

According to McKinsey Global Institute (2017), future job changes will affect the
demand for skilled workers. Companies will struggle to determine what kind of skills and
talents are required in the future (McKinsey Global Institute, 2017). Industry 4.0 will shift
the job landscape and change how workers perform their jobs. Some jobs will become
obsolete, while others will be created with different skill requirements. (Ministry of
International Trade and Industry, 2018). Besides that, as automation reduces the need for
intensive labor, firms can shift their focus from productivity concerns to product quality
and innovation, necessitating employee upskilling or reskilling. By upskilling their
employees, automation can fully benefit from highly trained and skilled employees (Sharif
and Huang, 2019). Automation for most firms provides a competitive advantage in terms of
continuous product quality improvement (Chumnumporn et al., 2022).

1.3. Skills Shift with Industry 4.0

According to the Future of Jobs Report (World Economic Forum, 2020), the skills
necessary for Industry 4.0 include analytical thinking, complex problem-solving, critical
thinking, technological, self-management, and social skills. According to a study conducted
by Islam (2022) noted that business skills (critical thinking, cognitive flexibility, complex
problem-solving, adaptive thinking abilities, qualitative skills, and communication skills, as
well as technical skills (programming, quantitative skills, data interpretation, data
visualization, and virtual collaboration), are important for employability in Industry 4.0.
Karacay (2017) states that to perform tasks in an Industry 4.0-based system, all employees
must have information and communications technology (ICT) skills and soft skills such as
collaboration, communication, and autonomy. The skills predicted for Industry 4.0 can be
categorized as high-level technical, higher-order cognitive, and human and interpersonal
skills.

2. Methods

This literature review followed the five-step systematic review method proposed by
Khan, et al. (2003). The steps are as follows:
Step 1: Framing questions for a review (discussed in Section 2.1)
Step 2: Identifying relevant work (discussed in Section 2.2)
Step 3: Assessing the quality of studies (discussed in Section 2.3)
Step 4: Summarizing the evidence (discussed in Section 2.4)
Step 5: Interpreting the findings (discussed in Section 3 and Section 4)
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2.1. Framing questions for a review

This literature review is being conducted to identify the new skills required by the
workforce in the Fourth Industrial Revolution. Therefore, this literature review aims to
answer the open-ended question, “What are the skills required by the workforce for the
Fourth Industrial Revolution?”

2.2. Identifying relevant work

These articles were chosen from three databases: Emerald, Science Direct, and Sage
Publications. To increase relevance with the theme of the Fourth Industrial Revolution, the
literature was also limited to publications from 2012 to 2022. The articles were selected
based on the keywords “Fourth Industrial Revolution,” as well as the abbreviations of “4IR”,
“4th IR”, and “IR 4.0”, followed by “Skills and Skillset,” “Change” or “Shift,” and “Labor force”
or “Workforce.”

2.3. Assessing the quality of studies

Articles were read and selected based on the review question from the search results
based on keywords. The mentioned articles must have their main theme based on The
Fourth Industrial Revolution or Industry 4.0. In addition, articles must discuss the
necessary skills or mention what skills are required by the future or current workforce
regarding The Fourth Industrial Revolution. Based on this criterion and the number of
search results, 20 articles were chosen from the Emerald and Science Direct database,
whereas ten were selected from Sage Publications.

2.4. Summarizing the evidence

Based on the skills mentioned in Section 1.4, this literature review will categorize the
articles based on three skill groups: High-level technical skills, higher-order cognitive, and
human and interpersonal skills.

High-level technical skills include but are not limited to Data Analysis, ICT skills, and
programming. This also includes mentions of the requirement of knowledge regarding The
Fourth Industrial Revolution and Industry 4.0 technologies. Higher-order cognitive skills
include but are not limited to complex problem-solving, critical thinking, and decision-
making skills. Human and interpersonal skills include but are not limited to social and
communication, negotiation, creativity, and emotional skills. Table 2 illustrates how the
skillsets mentioned in the articles were identified and categorized.

Table 1 Summary of Search Results

Keyword(s) Fourth Industrial Revolution,  Skills Change  Labourforce  Selected
IR, 47 IR, IR 4.0 Skillset Shift Workforce Papers
Online Database
Emerald 8,739 4,717 2909 973 20
Science Direct 23,826 7,544 4,882 1,177 20
Sage Publications 20,317 8,750 5,785 1,494 10

The keywords used for selecting relevant articles from the databases chosen in the
literature review are shown in Table 1.
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Table 2 The organization of literature according to the type of skills discussed

No. (Author, Year) Skills
High-level Higher- Human and
Technical Ord'e.r Interpersonal
Cognitive
1 (Organisation for Economic Co-operation and X
Development, 2016)
2 (Chang et al, 2016) X
3 (Kipper etal, 2021)
4 (Grencikova et al.,, 2021)
5 (Autor, 2016) X X
6 (MacCrory et al., 2014)
7 (Guzman etal., 2020) X
8 (Wahab etal., 2021) X X X
9 (Hughes et al.,, 2019) X
10 (Ghobakhloo, 2018) X
11 (Schiele et al., 2021) X
12 (Tengetal., 2019) X X
13 (Faridi & Malik, 2020) X
14 (Low et al., 2021) X
15 (Butt etal., 2020) X X
16 (Alam etal., 2021) X
17 (Kazancoglu & Ozkan-Ozen, 2018) X X X
18 (Whysall etal., 2019) X X
19 (Aly, 2022) X X X
20 (Lee & Meng, 2021) X X
21 (Teo etal,, 2021)
22 (Mourtzis et al., 2019) X
23 (Lietal, 2021) X X
24 (Jo & D'agostini, 2020) X
25 (Marin & Vona, 2019) X
26 (Salvatore & Stefano, 2021) X
27 (Holloway et al., 2019) X

28 (Panagou et al., 2021) X
29 (Ciarlietal., 2021)

30 (Nikitas et al., 2021)

31 (Shet & Pereira, 2021)

32 (Reiman et al., 2021)

33 (Cacciolatti etal., 2017)

34 (Hulla et al,, 2019)

35  (Chinoracky & Corejova, 2019)
36  (Ciminietal.,, 2020)

37  (Sallatietal, 2019)

38  (Ciminietal, 2021)

39 (Neumann et al., 2021)

40 (Kumar et al., 2021)

41 (Bennett & McWhorter, 2021)
42 (Schéfer, 2018)

Kol > XXX X

PR D X[ X X XXX XY

SRR R R AR R R R L R L R
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43 (Weaver & Osterman, 2017) X X
44 (Fixsen & Ridge, 2019)

45 (Mehta & Awasthi, 2019)

46 (Hora & Blackburn-Cohen, 2018)
47 (Fleming, 2019)

48 (Islam, 2022)

49 (Ayinde & Kirkwood, 2020)

50 (Carter, 2017)

Rop X X X XX

3. Results and Discussion

3.1. Skills for Industry 4.0

Based on the findings, the most frequently mentioned skills in these 50 articles were
high-level technical skills (76%), followed by higher-order cognitive skills (66%), and
finally, human and interpersonal skills (54%). Each one of the three skill sets is mentioned
in at least half of the articles chosen. Therefore, it is reasonable to conclude that all three
skill sets are deemed critical for the Fourth Industrial Revolution.

3.1.1. High-level Technical Skills

The first skill necessary for Industry 4.0 of various sizes is high-level technical skills
(Grencikova et al., 2021). This requires a more in-depth understanding of information and
communications technology (ICT) and an understanding of Industry 4.0 technologies such
as Big Data, data analysis, network management, and programming (Organization for
Economic Co-operation and Development (OECD, 2016).

Specific sectors, such as automotive and Electrical and Electronics (E&E), are predicted
to demand higher-skilled technicians and engineers capable of managing new automation
processes as workers increasingly work alongside collaborative robots. Other skills
required for the technology shift in these industries are considerable data analytic skills
and knowledge of 3D printing (Chang et al, 2016). In addition, Kipper et al. (2021)
considered high-level technical skills required for the Fourth Industrial Revolution.
Employees with specialized skills can analyze data, develop software, and solve
technological problems.

3.1.2. Higher-Order Cognitive Skills

Another one of the skills discussed is higher-order cognitive skills. These cognitive
skills involve complex problem-solving, critical thinking, and decision-making skills. One of
the main drives is that machines cannot logically think or perform problem-solving (Autor,
2016). Although devices can be programmed to perform tasks based on the received input,
they cannot spontaneously make decisions that diverge from the information provided,
unlike humans.

MacCrory et al. (2014) discovered that workplace skills were cognitive and manual.
"Complex problem solving, critical thinking, deductive reasoning, oral comprehension,
speed of closure, and written expression” are cognitive skills. This shows that cognitive
skills have become more prioritized with technological change because as machines take
over manual tasks, employees will be needed to solve other arising problems, thus
requiring a cognitive skill set.

3.1.3. Human and Interpersonal Skills

The final skill identified in this literature review is human or interpersonal skills.
According to Autor (2016), automation allows employees to use more innate human skills,
such as "social and emotional capabilities, providing expertise, coaching and developing
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others, and creativity." These skills will become necessary because of the incapability of
machines to replicate them perfectly.

Some human and interpersonal skills that are required would be communication and
interpersonal skills. According to Guzman et al. (2020), leadership skills are relevant for
Industry 4.0. Employees who are promoted to management positions will need more
experience and interpersonal skills. Communication skills deemed critical are speaking and
active listening, while the necessary interpersonal skills would be negotiation and
persuasion skills. Moreover, machines could not effectively imitate these skills, making such
skills highly desirable among employees as technology evolves over time (Wahab et al,,
2021).

3.2. Discussion

Based on the literature review, high-level technical skills such as data analysis are
required for Industry 4.0 (OECD, 2016). Employees need to learn high-level technical skills
to fully comprehend how to operate the newly implemented Industry 4.0 technologies.
Higher-order cognitive skills such as complex problem-solving and critical thinking are
essential for Industry 4.0. As companies implement Industry 4.0 technologies, the nature of
jobs will evolve from manual-labor-based tasks to problem-solving and decision-making
responsibilities. Finally, human and interpersonal skills will play an essential part in the
future of Industry 4.0. There will still be tasks and jobs that require close human interaction,
such as negotiation with stakeholders or leadership-based tasks. Even though Al can
imitate human communications, such as helpdesk Al and chatbots, they cannot always
recreate the same human connection as face-to-face communication due to a lack of
intonation and facial expressions.

4. Conclusions

Based on the literature review results, the three important skills for Industry 4.0 are
high-level technical skills, higher-order cognitive skills, and human or interpersonal skills.
It is important to note that despite these skills being the newly sought-after skills, it does
not mean any pre-existing skills held by low and middle-skilled workers are irrelevant. This
is because pre-existing skills will be the foundation to develop high-level and higher-order
skills.

Acknowledgements

The authors would like to express appreciation for the support from the Fundamental
Research Grant Scheme (FRGS), Project Number FRGS/1/2019/SS01/MMU/02/8, Ministry
of Higher Education, Malaysia, to conduct this study.

References

Alam, G.M,, Parvin, M., Rahman, M.M., 2021. Contribution of Informal and Institutional Skills
Provisions on Business Inception and Growth: Evidence from Manufacturing and
Service Industries. Business Process Management Journal, Volume 27(4), pp. 1335-
1352

Aly, H., 2022. Digital Transformation, Development and Productivity in Developing
Countries: Is Artificial Intelligence a Curse or a Blessing? Review of Economics and
Political Science, Volume 7(4), pp. 238-256

Autor, D.H., 2016. Why Are There Still So Many Jobs? The History and Future of Workplace
Automation and Anxiety. MIT IDE Research Brief, Volume 2016, pp. 1-5



Mudzar & Chew 975

Ayinde, L., Kirkwood, H., 2020. Rethinking the Roles and Skills of Information Professionals
in the 4th Industrial Revolution. Business Information Review, Volume 37(4), pp. 142-
153

Bennett, E.E., McWhorter, R.R., 2021. Virtual HRD’s Role in Crisis and the Post Covid-19
Professional Lifeworld: Accelerating Skills for Digital Transformation. Advances in
Developing Human Resources, Volume 23(1), pp. 5-25

Berawi, M.A., Suwartha, N., Surjandari, I, Zagloel, T.Y.M., Asvial, M., Harwahyu, R,
Suryanegara, M., Setiawan, E.A., Maknun, 1., Kusrini, E., Kartohardjono, S., Sofyan, N.,
Yuwono, A.H., Harjanto, S., Putra, N., Budiyanto, M.A., Whulanza, Y., 2020. Accelerating
Sustainable Energy Development through Industry 4.0 Technologies. International
Journal of Technology, Volume 11(8), pp. 1463-1467

Butt, R, Siddiqui, H., Soomro, R.A., Asad, M.M., 2020. Integration of Industrial Revolution 4.0
and I0Ts in Academia: A State-Of-The-Art Review on The Concept of Education 4.0 In
Pakistan. Interactive Technology and Smart Education, Volume 17(4), pp- 337-354

Cacciolatti, L., Lee, S. H., Molinero, C.M., 2017. Clashing Institutional Interests in Skills
Between Government and Industry: An Analysis of Demand for Technical And Soft
Skills of Graduates in the UK. Technological Forecasting and Social Change, Volume 119,
pp- 139-153

Carter, D., 2017. Creativity in action - the information professional is poised to exploit the
fourth industrial revolution: The business information survey 2017. Business
Information Review, Volume 34(3), pp. 122-137

Chang, J.H., Rynhart, G.,, Huynh, P., 2016. ASEAN In Transformation: How Technology is
Changing Jobs and Enterprises. Report International Labour Organisation, Geneva,
Switzerland

Chinoracky, R,, Corejové, T., 2019. Impact of Digital Technologies on The Labor Market and
The Transport Sector. Transportation research procedia, Volume 40, pp. 994-1001

Chumnumporn, K., Jeenanunta, C., Simpan, S., Srivat, K., Sanprasert, V., 2022. The Role of
Leader and the Effect of Customer’s Smart Factory Investment on Firm’s Industry 4.0
Technology Adoption in Thailand. International Journal of Technology, Volume 13(1),
pp- 26-37

Ciarli, T., Kenney, M., Massini, S., Piscitello, L., 2021. Digital Technologies, Innovation, and
Skills: Emerging Trajectories and Challenges. Research Policy, Volume 50(7), p. 104289

Cimini, C., Adrodegari, F., Paschou, T., Rondini, A., Pezzotta, G., 2021. Digital Servitization
and Competence Development: A Case-Study Research. CIRP Journal of Manufacturing
Science and Technology, Volume 32, pp. 447-460

Cimini, C., Lagorio, A., Romero, D., Cavalieri, S., Stahre, J., 2020. Smart Logistics and The
Logistics Operator 4.0. [FAC-PapersOnLine, Volume 53(2), pp. 10615-10620

Faridi, M.R., Malik, A., 2020. Digital Transformation in The Supply Chain, Challenges, and
Opportunities in Smes: A Case Study of Al-Rumman Pharma. Emerald Emerging
Markets Case Studies, Volume 10(1), pp.1-16

Fixsen, A., Ridge, D., 2019. Shades of Communitas: A Study of Soft Skills Programs. Journal
of Contemporary Ethnography, Volume 48(4), pp. 510-537

Fleming, P., 2019. Robots and Organization Studies: Why Robots Might Not Want to Steal
Your Job. Organization Studies, Volume 40(1), 23-38

Frey C.B., Osborne, M.A., 2013. The Future of Employment: How Susceptible Are Jobs to
Computerisation? Technological forecasting and social change, Volume 114, pp.254-
280



976 Change in Labour Force Skillset for the Fourth Industrial Revolution: A Literature Review

Ghobakhloo, M., 2018. The Future of Manufacturing Industry: A Strategic Roadmap Toward
Industry 4.0. Journal of Manufacturing Technology Management, Volume 29(6), pp.
910-936

Grencikovd, A., Kordo$, M., Navickas, V., 2021. The Impact of Industry 4.0 on Education
Contents. Business: Theory & Practice, Volume 22(1), pp. 29-38

Guzman, V. E., Muschard, B., Gerolamo, M., Kohl, H., Rozenfeld, H., 2020. Characteristics and
Skills of Leadership in the Context of Industry 4.0. Procedia Manufacturing, Volume 43,
pp- 543-550

Holloway, A., Triyanti, A., Rafliana, I., Yasukawa, S., De Kock, C., 2019. Leave No Field Behind:
Future-Ready Skills for A Risky World. Progress in disaster science, Volume 1, p. 100002

Hora, M.T., Blackburn-Cohen, C.A., 2018. Cultural Capital at Work: How Cognitive and
Noncognitive Skills Are Taught, Trained, and Rewarded in a Chinese Technical College.
Community College Review, Volume 46(4), pp. 388-416

Hughes, C., Robert, L. Frady, K., Arroyos, A., 2019. Middle-skill-level Employees and
Technological Environments. Managing Technology and Middle- and Low-skilled
Employees (The Changing Context of Managing People). Emerald Publishing Limited,
Bingley, Volume 2019, pp. 13-28

Hulla, M., Hammer, M., Karre, H., Ramsauer, C., 2019. A Case Study-Based Digitalization
Training for Learning Factories. Procedia Manufacturing, Volume 31, pp. 169-174

Islam, M.A., 2022. Industry 4.0: Skill Set for Employability. Social Sciences & Humanities
Open, Volume 6(1), p. 100280

Jo, S., D'agostini, E., 2020. Disrupting technologies in the shipping industry: How will MASS
development affect the maritime workforce in Korea? Marine Policy, Volume 120, p.
104139

Karacay, G., 2018. Talent Development for Industry 4.0. In Industry 4.0: Managing the digital
transformation, pp. 123-136

Kazancoglu, Y., Ozkan-Ozen, Y.D., 2018. Analysing Workforce 4.0 in the Fourth Industrial
Revolution and Proposing a Road Map from an Operations Management Perspective
with Fuzzy DEMATEL. Journal of Enterprise Information Management, Volume 31(6),
pp. 891-907

Khan, K. S., Kunz, R, Kleijnen, ]., Antes, G., 2003. Five Steps to Conducting a Systematic
Review. Journal of the royal society of medicine, Volume 96(3), pp. 118-121

Kipper, L., lespen, S., Forno, A., Frozza, R., Furstenau, L.B., Agnes, J., Cossul, D., 2021.
Scientific Mapping to Identify Competencies Required by Industry 4.0. Technology in
Society, Volume 64, p. 101454

Kumar, P., Bhamu, J., Sangwan, K.S., 2021. Analysis of Barriers to Industry 4.0 adoption in
Manufacturing Organizations: an ISM Approach. Procedia CIRP, Volume 98, pp. 85-90

Lee, ].J., Meng, J., 2021. Digital competencies in Communication Management: A Conceptual
Framework of Readiness for Industry 4.0 for Communication Professionals in The
Workplace. Journal of Communication Management, Volume 25(4), pp. 417-436

Li, G., Yuan, C., Kamarthi, S., Moghaddam, M,, Jin, X., 2021. Data Science Skills and Domain
Knowledge Requirements in The Manufacturing Industry: A Gap Analysis. Journal of
Manufacturing Systems, Volume 60, pp. 692-706

Low, S.P,, Gao, S., Ng, EW.L., 2021. Future-ready project and facility management graduates
in Singapore for industry 4.0: Transforming mindsets and competencies. Engineering,
Construction, and Architectural Management, Volume 28(1), pp. 270-290

MacCrory, F., Westerman, G., Alhammadi Y., Brynjolfsson, E., 2014. Racing with and Against
the Machine: Changes in Occupational Skill Composition in an Era of Rapid



Mudzar & Chew 977

Technological Advance. In: Thirty-Fifth International Conference on Information
Systems, pp. 1-17

Marin, G., Vona, F., 2019. Climate Policies and Skill-Biased Employment Dynamics: Evidence
from EU Countries. Journal of Environmental Economics and Management, Volume 98,
p. 102253

McKinsey Global Institute, 2017. A Future That Works: Automation, Employment, and
Productivity: Executive Summary. California: McKinsey Global Institute

Mehta, B.S., Awasthi, I.C., 2019. Industry 4.0 and Future of Work in India. FIIB Business
Review, Volume 8(1), pp. 9-16

Ministry of International Trade and Industry, 2018. Industry 4WRD: National Policy on
Industry 4.0. Malaysia: Ministry of International Trade and Industry

Mourtzis, D., Xanthi, F., Zogopoulos, V., 2019. An adaptive Framework for Augmented
Reality Instructions Considering Workforce Skill. Procedia CIRP, Volume 81, pp. 363-
368

Naruetharadhol, P., Srisathan, W.A., Gebsombut, N.,, Wongthahan, P., Ketkaew, C., 2022.
Industry 4.0 for Thai SMEs: Implementing Open Innovation as Innovation Capability
Management. International Journal of Technology. Volume 13(1), pp. 48-57

Neumann, W.P., Winkelhaus, S., Grosse, E.H., Glock, C.H., 2021. Industry 4.0 and The Human
Factor-A Systems Framework and Analysis Methodology for Successful Development.
International Journal of Production Economics, Volume 233, p. 107992

Nikitas, A., Vitel, A.E., Cotet, C., 2021. Autonomous Vehicles and Employment: An Urban
Futures Revolution or Catastrophe? Cities, Volume 114, p. 103203

Organisation for Economic Co-operation and Development, 2016. Skills for a Digital World.
Policy Brief on The Future of Work. Paris: OECD Publishing

Panagou, S., Fruggiero, F., Lambiase, A., 2021. The Sustainable Role of Human Factor in 14.0
scenarios. Procedia Computer Science, Volume 180, pp. 1013-1023

Reiman, A., Kaivo-oja, ], Parviainen, E., Takala, E.P., Lauraeus, T., 2021. Human Factors and
Ergonomics in Manufacturing in The Industry 4.0 Context-A Scoping Review.
Technology in Society, Volume 65, p. 101572

Sallati, C., de Andrade Bertazzi, J., Schiitzer, K., 2019. Professional Skills in The Product
Development Process: The Contribution of Learning Environments to Professional
Skills in The Industry 4.0 Scenario. Procedia Cirp, Volume 84, pp. 203-208

Salvatore, M., Stefano, R., 2021. Smart Operators: How Industry 4.0 Affects Workers’
Performance in Manufacturing Contexts. Procedia Computer Science, Volume 180, 958-
967

Schifer, M., 2018. The Fourth Industrial Revolution: How the EU Can Lead It. European View,
Volume 17(1), pp. 5-12

Schiele, H., Bos-Nehles, A., Delke, V., Stegmaier, P., Torn, R.J., 2021. Interpreting The Industry
4.0 Future: Technology, Business, Society and People. Journal of Business Strategy,
Volume 43(3), pp. 157-167

Sharif, N., Huang, Y., 2019. Achieving Industrial Upgrading Through Automation in
Dongguan, China. Science, Technology and Society, Volume 24(2), pp. 237-253

Shet, S.V.,, Pereira, V., 2021. Proposed Managerial Competencies for Industry 4.0-
Implications for Social Sustainability. Technological Forecasting and Social Change,
Volume 173, p. 121080

Taylor, A., 2005. What Employers Look For: The Skills Debate and The Fit with Youth
Perceptions. Journal of Education and Work, Volume 18(2), pp. 201-218



978 Change in Labour Force Skillset for the Fourth Industrial Revolution: A Literature Review

Teng, W., Ma, C., Pahlevansharif, S., Turner, ].J, 2019. Graduate Readiness for The
Employment Market of the 4th Industrial Revolution: The Development of Soft
Employability Skills. Education + Training, Volume 61(5), pp. 590-604

Teo, T., Unwin, S., Scherer, R., Gardiner, V., 2021. Initial Teacher Training for Twenty-First
Century Skills in The Fourth Industrial Revolution (IR 4.0): A Scoping Review.
Computers & Education, Volume 170, p. 104223

Wahab S.N., Rajendran S.D., Yeap S.P., 2021. Upskilling and Reskilling Requirement in
Logistics and Supply Chain Industry for The Fourth Industrial Revolution. LogForum
Volume 17(3), pp- 399-410

Weaver, A., Osterman, P., 2017. Skill Demands and Mismatch in U.S. Manufacturing. ILR
Review, Volume 70(2), pp. 275-307

Whysall, Z., Owtram, M., Brittain, S., 2019. The New Talent Management Challenges of
Industry 4.0. Journal of Management Development, Volume 38(2), pp. 118-129

World Economic Forum, 2016. The Future of Jobs: Employment, Skills and Workforce
Strategy for the Fourth Industrial Revolution. Geneva, Switzerland: World Economic
Forum

World Economic Forum, 2020. The Future of Jobs Report 2020. Available online at
https://www3.weforum.org/docs/WEF_Future_of Jobs_2020.pdf, = Accessed on
August 19, 2022



