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Abstract

In recent years, the workplace has been changing constantly in terms of the nature of
work and the processes, tools, and competencies required to support sustainable produc-
tivity and competitiveness of enterprises. The factors responsible for this change include
massive technological innovations, demographic changes, and unforeseen circumstances
such as the COVID-19 pandemic. These changes in work have exacerbated the alignment
of skills supply and demand, putting pressure on providers of education and training to
reform their curriculum content to include the in-demand technical and socioemotional
competencies and the signature pedagogies best suited for the ever-changing curriculum
content. This chapter identifies the Fourth Industrial Revolution with its attendant
digital innovations as one of the key causes of change and proposes some pedagogical
approaches to the teaching and learning of in-demand skills. The suggested pedagogies
shift the burden of skills acquisition from the instructor to the learner through learner-
centered methodologies that prepare students for lifelong learning, problem-solving,
and interdisciplinary collaborative searches for solutions to unforeseen challenges
associated with the Fourth Industrial Revolution innovations.
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1. Introduction

It can be argued that one of the major purposes of education is to prepare young
people for the world after school by giving them the knowledge and skills that will
enable them to be effective participants in the socioeconomic activities of their
nations. It is important, therefore, that schools and colleges align their curricula to the
competencies matching their nations’ socioeconomic activities. The socioeconomic
activities for which schools and colleges should prepare students beyond schooling
include working productively in formal or self-employment in the world of work.

The goal of aligning curricula to the world of work is, however, easier said than done
because of the nature of the gap between what is taught in schools and colleges and
what is needed in the workforce.
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The challenges of minimizing the gap between the content of curriculum
and the knowledge and skills demanded by industry and commerce include the
difficulty of keeping pace with the rate of change on the demand side of educa-
tion and training. The world of work is continuously in a state of flux, leading
to constant adaptations and modifications of skill mixes in the repertoire of the
workforce. The factors contributing to changes in work processes and their match-
ing competencies include technological advancements, demographic changes, and
unforeseen factors such as the onset of COVID-19 recently witnessed by the world.
Some scholars have associated the changes in the workplace with the advent of the
Fourth Industrial Revolution characterized by continuous adaptation and optimi-
zation of cyber-physical systems and the process required to operate and maintain
them [1-4]. These changes and uncertainties in the workplace milieu put pressure
on education systems desiring to be demand-responsive. This is because schools
and colleges need to keep modifying curricula, reequipping learning stations, and
retraining their staff to keep pace with the workplace changes and to maintain
relevance and effectiveness in their role as suppliers of knowledge, skills, and
dispositions needed by the workforce.

This chapter discusses the push factors of workplace change and proposes
some pedagogical approaches to the teaching and learning of in-demand skills.
The suggested pedagogies, which are suitable for teaching science, technology,
engineering, and mathematics (STEM), shift the burden of skills acquisition from
the instructor to the learner through learner-centered methodologies that prepare
students for lifelong learning, problem-solving, and interdisciplinary collabora-
tive searches for solutions to unforeseen challenges associated with the Fourth
Industrial Revolution innovations. This chapter also proposes that the preparation
of STEM-smart workforce should start at the primary school level rather than in
later stages of education.

2. Push factors of workplace change

The world of work has witnessed technological changes since the onset of the
First Industrial Revolution in the 1800s, with promises of joy to owners of capital and
anxiety to the workforce. Owners of capital have welcomed technological advance-
ments, expecting maximization of profits through mass production and a significant
drop in labor costs and problems associated with industrial relations. The workforce,
on the other hand, has felt threatened by the possibility of job insecurity, fearing that
machines would take over work done by human beings. This section discusses the
impact of technology on work, demographic factors affecting work in the changing
world, and the impact of unforeseen change factors as witnessed recently when the
world experienced the devastating COVID-19 pandemic.

2.1 Impact of technology on work

The nature of work has been changing because of several factors, including
technological advancements, demographic shifts, and unforeseen circumstances [1].
Technological advancements have been driven by the desire to do less (e.g., by simply
pushing a button), with little resources (e.g., fewer workers and a smaller wage bill),
and to achieve more (e.g., mass production and greater profits). For instance, the First
Industrial Revolution changed the nature of work significantly. The application of
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machines to manufacturing processes in the mid-to-late 1700s led to mass production
of goods, a rise in the number of factories, and an increase in employment oppor-
tunities since machines needed operators and the mushrooming factories needed
managers and workers. To contribute meaningfully to production and distribution of
products and services in a changed world of work, the workforce needed a different
set of skills from the agrarian skill sets that had characterized labor requirements
before the Industrial Revolution.

The Second Industrial Revolution, like the one before it, had equally an impact on
work because of the invention of electrical power, which enhanced mass production
[5]. Enhanced mass production necessitated the reengineering of production lines for
efficiency. One significant innovation was the change in the organization of work and
chunking of tasks. As Beck [5] noted:

An improvement in production was the introduction of the assembly line by Henry
Ford in 1914. On an assembly line, the complex job of assembling many parts into a
finished product was broken down into a series of small tasks. It sped up production
and reduced costs as each worker was only vequired to install one or two parts at
their position on the assembly line. Ford would use the assembly line to speed up the
production of automobiles in his factory in Highland Park, Michigan.

The Third Industrial Revolution, according to Schwab [4], will be remembered
for the use of electronics and information technology to automate work. The impact
of the Third Industrial Revolution on work includes digitalization of work processes,
which has brought about the importance of digital skills in workers’ repertoire of
competences [6, 7]. Today, most jobs are dependent on computers for planning,
processing, and storing work, and dissemination of information, to the extent that
it is difficult to imagine how work was done before the computer became a common
feature at workplaces.

In 2016, Klaus Schwab, founder, and executive chairman of the World Economic
Forum, announced the onset of the Fourth Industrial Revolution. He said:

We stand on the brink of a technological revolution that will fundamentally alter the
way we live, work, and relate to one another. In its scale, scope, and complexity, the
transformation will be unlike anything humankind has experienced before. We do
not yet know just how it will unfold, but one thing is clear: the vesponse to it must be
integrated and comprehensive, involving all stakeholders of the global polity, from the
public and private sectors to academia and civil society [4].

The first three Industrial Revolutions changed the face of the workplace and
significantly contributed to socioeconomic development through scientific inno-
vations such as steam engines, electricity, and electronics. The Fourth Industrial
Revolution has revolutionized the workplace further through advancements in digital
as exemplified by robotics, quantum computing, artificial intelligence (AI), materials
science, virtual reality, three-dimensional (3D) printers, intelligent manufacturing,
energy storage, the Internet of Things (IoT), genetic engineering, and biotechnology
[2, 3]. A term associated with increased use of technology for purposes of work is
digitalization of the workplace. Workplace digitization has been explained by Sheng
et al. [8] as “electronic tools, automatic systems, technological devices, and resources
that generate, process, or store information in the form of binary code” (p. 198). This
digitalization trend has made it almost imperative for workers to have digital skills
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because most jobs require use of computers and digital knowledge and skills to oper-
ate computer-controlled machines [9].

The advent of the Fourth Industrial Revolution has not been without anxiety
among some workers. The advancements in electronics and digital tools have raised
fears about an expected negative impact on the labor market. For example, it has been
noted that:

Most observers seem to agree that job destruction is likely to accelerate under the
impression of curvent technological changes. In contrast, little is known about the
potential for the creation of new jobs. For such new jobs to appear, many comment on
the need for new markets to be developed and regulated, in particular in the green
economy, carve and personal services sectors, or an augmented public sector in areas
where currently no profitable activities exist. The fear is that this process might not
happen fast enough. Therefore, the number of jobs might fall faster than the global
labour force when existing jobs are substituted by automation and other systems
operated by artificial intelligence. In other words, machines, robots and computers
will increasingly have an absolute advantage over labour and not only a comparative
one ([10], p. 8).

One study [9] reported from a review of literature that the use of robots at work-
places has led to the replacement of 1.6 manufacturing workers per robot and that by
2030, robots will, worldwide, displace 20 million manufacturing jobs. There seems to
be a legitimate concern about some serious unintended consequences of the Fourth
Industrial Revolution, despite the good intentions of advancements in technology.
These concerns affect the morale and productivity of the workforce and should be
catered for, along with the rest of the employability skills, when drawing up the list
of competences that need to be addressed in the education and training of workers in
response to the impact of the Fourth Industrial Revolution.

2.2 Demographic challenges

Concerns about the possibility of technology having an absolute advantage over
human beings at workplaces, and the changed nature of competences that workers in
the Fourth Industrial Revolution must have for them to contribute effectively to pro-
ductivity and to maintain their jobs despite advancements in technological tools, are
topics worthy of note by workforce development practitioners. To be added to these
trending topics is the issue of workforce demographic challenges relating to technol-
ogy use, particularly with reference to older workers. Some studies have found that
older workers generally have difficulties with the use of technology [11, 12], especially
older workers of color who have little or no access to computers at home.

The challenges of lack of or little use of computers among older workers do not
apply to all older workers. Some older workers are computer literate [12]. This,
however, does not belittle the impact of digitalization on older workers. Because of
workplace digitalization, some older workers have had to make a serious decision
about whether to retire early or to acquire the digital skills needed for their jobs [13].

The discourse about demography and digital skills is not only about the older
workers’ digital competences or lack of savviness. Young workers too are impacted
by the skill demands of the Fourth Industrial Revolution. The myth that all young
people, as digital natives, are computer literate has been debunked [14]. Studies
have shown that a significant number of young people, particularly those from
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underprivileged homes, either lack the needed digital competences or have difficul-
ties with applying their digital knowledge and skills to real-world work situations
[15, 16]. Furthermore, studies have shown that young people’s use of social media
can cause harm to them, including cyberbullying, invasion of privacy, identity theft,
social isolation, and mental health issues [17-20]. These serious side effects can be
mitigated by providing workforce development that includes not only digital literacy
skills but also strategies for coping with (or preventing) the risks associated with
digital tools and social media platforms.

2.3 Unforeseen challenges

The onset of the COVID-19 pandemic recently taught the world of work to be
aware that no matter how much workforce development programs may prepare
workers for their tasks and life at work, nature has the final word. Quite unexpect-
edly, the COVID-19 pandemic befell the world and dealt a serious blow not only to the
workforce but also to the nature of work across the globe [21-24]. The impact on the
workforce included sickness, death, mental health issues, job insecurity, burnout, and
stressful exhaustion [22, 25-27].

Thanks to COVID-19, the nature of work has changed, arguably forever. For
instance, the boundary between work and home has practically disappeared because
of the shift to remote work [26]. Performance of work is no longer restricted to a
workstation in a specific locality. Most jobs are now done remotely. Because of this
work-at-home trend, the pandemic has accelerated the Fourth Industrial Revolution
by forcing workplaces to adopt virtual platforms and digital tools best suited for
remote work [28] to avoid total shutdowns. In a sense, the timing of the Fourth
Industrial Revolution can be seen as a blessing in disguise. One can hardly imagine
how much greater the impact of COVID-19 would have been without the advance-
ments in digital technologies characterizing the Fourth Industrial Revolution.

3. Pedagogical implications

Just as the First Industrial Revolution had an impact on schooling as we know it
today [27], the Fourth Industrial Revolution has educational implications. Before the
Industrial Revolution of the 1800s, schooling was mainly for the privileged few who
were being prepared for white collar jobs. With the mushrooming of factories result-
ing from the First Industrial Revolution, factory owners needed skilled labor, which
was in low supply, and this led to the proliferation of vocational education and train-
ing in the school systems [28]. Initially, the vocational schools were private because:

As a logical outgrowth of the Industrial Revolution and the subsequent specialized
worker, many industries attempted to give their workers training in ovder to increase
efficiency and thus increase their productivity. Therefore, many industries set up
factory schools and one of the first was that of Hue and Company of New York City
which, in 1872, set up a plant school for the purpose of training apprentices in the
skilled trades and in particular the machinist trade ([29], p. 10).

The need that was felt in the 1800s to have human capital that would con-
tribute to efficiency and therefore productivity leveraging the advancements in
technology is again emerging in the wake of the Fourth Industrial Revolution.
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The pedagogical implications of the Fourth Industrial Revolution evolve around
two questions: (a) Curriculum content: What knowledge, skills, and dispositions
should workforce development institutions emphasize to respond to the needs of
the changing nature of work? (b) Pedagogical approaches: What are the best peda-
gogical approaches for workforce development in the era of the Fourth Industrial
Revolution?

3.1 Curriculum content

Much has been written about the workforce competences demanded in the world
of work, given the fast-changing nature of work driven by technological advance-
ments. As far back as 2010, an academician had perceptively foretold the complexity
and unpredictable nature of work in the future:

The process of managing decisions and solving social scientific problems in contempo-
rary democracies is growing ever more complex. At least 70% of U.S. jobs now require
specialized knowledge and skills, as compared to only 5% at the dawn of the century...
Furthermore, the nature of work will continue to change ever move rapidly... Thus the
new mission of schools is to prepare students to work at jobs that do not exist, creating
ideas and solutions for products and problems that have not yet been identified, using
technologies that have not yet been invented ([30], p. 2).

That future which Darling-Hammond [30] foretold has now come and is still
unfolding. As she predicted, the workforce is faced with the challenge of coping
with tasks and technologies for which no schooling ever prepared them to handle.
Little wonder that the general conversation about Fourth Industrial Revolution skills
[31-38] seems to focus more on portable employability skills such as the following in
addition to technical digital skills:

* Problem-solving skills

* Creativity and originality

* Stress tolerance and flexibility

* Critical thinking skills

* Emotional intelligence

* Judgment and decision-making

* Cognitive flexibility

* Communication skills

* Cognitive load management

e Computational thinking

* Technology design and programming skills
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* Lifelong learning skills
* Cross-cultural competency
e Virtual collaboration skills

These skills are portable across disciplines because they are generic. Workers who
have these skills are likely to cope with the ever-changing nature of work and the
new technologies that drive the work because they will have the right attitude toward
change, the resilience to withstand confusing and ambiguous work situations, the
cognitive aptitude to learn new skills, the communication and people skills needed to
enable them to interact with other people despite the tendency of technology to pro-
mote isolation and individualism, and the preparedness and ability to solve problems
arising from the nature of machines, tasks, and the social or physical environment at
the workplace.

3.2 Pedagogical approaches

One educational phrase that came into popular usage during the era of the most
recent industrial revolutions is STEM, or in full, Science, Technology, Engineering,
and Mathematics. In searching for the pedagogies best suited for the Fourth Industrial
Revolution, we should therefore look at STEM pedagogy.

There are several features that define STEM signature pedagogy. Key among
them are student-centered methodologies, promoting problem-solving, encouraging
teamwork, fostering critical thinking, and learning by doing. These features are seen
in the following STEM approaches to teaching and learning:

a.Problem-Based Learning (PBL): Savery [39] described PBL as “an instructional
(and curricular) learner-centered approach that empowers learners to conduct
research, integrate theory and practice, and apply knowledge and skills to
develop a viable solution to a defined problem. Critical to the success of the
approach is the selection of ill-structured problems (often interdisciplinary) and
a tutor who guides the learning process and conducts a thorough debriefing at
the conclusion of the learning experience” (p12). In this approach, students are
given a real-world problem to solve. Working in pairs or groups, students analyze
the problem and come up with solutions. This process makes them engage and
develop higher-order cognitive skills, critical thinking, creativity, and teamwork
skills. The teacher’s role is not that of a dispenser of knowledge but a provider of
authentic tasks and scaffolding while observing and monitoring students as they
work.

b.Inquiry-Based Learning (IBL). According to Pedaste et al. [40], IBL is “an edu-
cational strategy in which students follow methods and practices similar to
those of professional scientists in order to construct knowledge” (p. 48). In this
method, learning starts with students raising a question to be investigated. Then
they conduct an experiment using the right tools and procedures and observe
the results. This is followed by information synthesis or report writing after
which students share their findings with the rest of the class. The last stage in this
process is reflection, which enables students to look back at what they have done
and learned during the inquiry.
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c. Project-Based Learning (PjBL): PjBL has been described [41] as “an inquiry-based
instructional method that engages learners in knowledge construction by having
them accomplish meaningful projects and develop real-world product” (p. 2). In
PjBL, students may work individually or in groups to create a real-world product.
They have the autonomy to choose the procedure for developing a solution to an
authentic problem. The teacher plays the facilitation role that encourages stu-
dents to discover on their own what works and what does not work in coming up
with a real-world product. This helps students to develop creative skills that are
needed in the innovative era of the Fourth Industrial Revolution.

d.Challenged-Based Learning (CBL): “Challenge Based Learning is an engaging
multidisciplinary approach to teaching and learning that encourages students to
leverage the technology they use in their daily lives to solve real-world problems.
Challenge Based Learning is collaborative and hands-on, asking students to work
with peers, teachers, and experts in their communities and around the world
to ask good questions, develop deeper subject area knowledge, accept and solve
challenges, take action, and share their experience” ([42], p. 1). In this approach,
students select a challenge and the method, materials, and tools that they will
use to overcome the challenge. This approach builds on the other approaches
mentioned above. Its benefits include development of critical thinking skills,
problem-solving skills, creativity skills, and collaborative skills. Interdisciplinary
collaboration mimics the real-world practice in which experts work across
disciplinary boundaries to complete tasks.

All the approaches discussed above are based on student-centered methodologies
in which students are in charge of their own learning. This prepares them for future
workforce situations that require them to be lifelong learners.

3.3 STEM talent pipeline

It is generally agreed that investing in STEM in any country is important because
STEM is a key element in promoting scientific innovations and carrying out the
industrial tasks whose processes have been transformed by recent inventions [43, 44].
What is not mutually understood is the need to start this investment at primary
school level instead of later stages of education (secondary school level and higher
education) where some policymakers tend to focus. Primary school education is
unarguably a foundational building block upon which the rest of the formal educa-
tion process rests. Investment in STEM should, therefore, begin at the primary school
level, leveraging the characteristics of early child development that present opportu-
nities for laying a foundation for STEM education. By nature, primary school children
are curious and want to discover the workings of the natural world. This curiosity and
motivation to explore the world around them should provide a natural starting point
for STEM education and awaken a sustained interest in STEM all through secondary
school and college, leading to an increased supply of STEM talent in the workforce.

There are, however, some factors that work against initiating STEM education at
primary school level [45]. The key constraint is insufficient funding for retraining
of teachers in STEM signature pedagogies and for supply of the necessary teaching/
learning materials. The other major constraint is the attitude of teachers who view
STEM as an unwanted challenge to their comfort zones and old ways of doing things.
These challenges are surmountable and the reward for overcoming them is the
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Figure 1.
Science, technology, engineering, and mathematics (STEM) pipeline flow from primary school to the world of work.

existence of an innovative STEM-educated workforce comprising movers and shakers
needed for supporting innovations of the Fourth Industrial Revolution.

The diagram given in Figure 1 describes the STEM talent pipeline from primary
school to the world of work.

3.3.1 Primary school education

The primary school level lays the foundation on which the rest of the levels of
education are built. It is therefore important that the seeds of STEM be planted at this
level. Activities for promoting STEM at this level should include:

* Advancing STEM learning in practical opportunities for students to see applica-
tions of science, technology, engineering, and mathematics in everyday life,
including children’s games.

* Directing children’s innate curiosity toward exploration of STEM concepts using
games.

* Developing teachers’ capacity for STEM pedagogy through exposure to STEM
pedagogies during preservice teacher education and in-service programs.

3.3.2 Secondary school education

Promotion of STEM at the secondary school level should build on the foundation
laid at the primary school level. Activities for encouraging and nurturing motivation
for STEM at this level should include the following activities:

* Advancing new approaches to the design and development of STEM learning
opportunities.

* Broadening access to and engagement in STEM learning experiences (e.g.,
holiday camps and boot activities).

* Improving professional development opportunities for secondary teachers to
enhance their theoretical knowledge of STEM pedagogies and their capacity to
translate theory into practice in classrooms, laboratories, and experiential learn-
ing sites.
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3.3.3 Higher education level
At higher education level, the following strategies should be applied:

* Developing mentorship and role model programs by inviting subject matter
experts from industry to give talks to students and to establish mentorships with
students.

* Improving entrepreneurial and noncognitive skills and business skills through,
for example, encouraging students to establish student-led businesses under the
guidance of businesspersons/entrepreneurs.

* Promoting workforce readiness skills through internships and research projects
that require students to investigate the employability skills (both soft skills and
hard skills) demanded by industries.

* Supporting professional development for STEM teachers at primary and second-
ary school level.

4. Conclusion

The world of work is constantly changing, making it necessary for workforce
developers in schools and colleges to review the content and pedagogy of knowledge,
skill, and attitude development periodically for learning institutions to remain
relevant to the demand side of education and training. This chapter has explored
the factors that have in recent years contributed to changes in work processes and
their matching competencies. These factors include technological advancements,
demographic changes, and unforeseen factors such as the onset of COVID-19
which was recently witnessed by the world. Some scholars [1-4] have associated
the changes in the workplace with the advent of the Fourth Industrial Revolution
characterized by continuous adaptation and optimization of cyber-physical systems
and the process required to operate and maintain them. In response to these factors
of change, this chapter has proposed a pedagogical approach to workforce develop-
ment. The proposal is that suppliers of knowledge, skills, and dispositions should
adopt student-centered methods that have characterized STEM signature pedagogies,
such Problem-Based Learning, Project-Based Learning, Inquiry-Based Learning,
and Challenge-Based Learning. These approaches promote the development of
employability skills (such as problem-solving, critical thinking, teamwork, and
creativity) which are in demand in workplaces during the era of the Fourth Industrial
Revolution. This proposal for changing the traditional teacher-centered pedagogi-
cal approaches to student-centered methodologies entails systemic changes among
training providers, including periodic professional development, adequate funding
for equipment and materials, strengthening quality assurance, establishing strategic
linkages with industries, and rewarding instructional best practices in ways that are
meaningful to teachers.

10



Behold the Fourth Industrial Revolution and How to Keep Pace with Workplace Competencies...
DOI: http://dx.doi.org/10.5772/intechopen.1002648

Author details

Joseph Mukuni
Virginia Tech, Blacksburg, USA

*Address all correspondence to: mjoseph7 @vt.edu

IntechOpen

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided

the original work is properly cited.

11



The Changing Landscape of Workplace and Workforce

References

[1] Isabirye N, Twinomurinzi H,
Rammitlwa T. Operationalizing

the future of work to measure job
susceptibility. In: Proceedings of
NEMISA Summit and Colloquium.
Vol. 4. Manchester, UK: EasyChair; 24
Nov 2022. pp. 42-56

[2] Jin BE, Shin DC. The power of 4th
industrial revolution in the fashion
industry: What, why, and how has the
industry changed? Fashion and Textiles.
2021;8(1):1-25

[3] McGinnis D. What Is the Fourth

Industrial Revolution. San Francisco, CA:

Salesforce Blog; Oct 2018

[4] Schwab K. The Fourth Industrial
Revolution. Cologny/Geneva: World
Economic Forum; 3 Jan 2017

[5] Beck E. First Industrial Revolution
Vs Second Industrial Revolution.

San Francisco, CA: History Crunch;
2016. Available from: https://www.
historycrunch.com/first-industrial-
revolution-vs-second-industrial-
revolution.html#/

[6] Hecker I, Briggs A. Overlooked and
Under-Connected: Exploring Disparities
in Digital Skill Levels among Older Youth
of Color in the US. Washington, DC:
Urban Institute; 2021

[7] Muro M, Liu S, Whiton J,

Kulkarni S. Digitalization and the
American Workforce. Washington, DC:
The Brookings Institution; 2017

[8] Sheng N, Fang Y, Shao'Y,

Alterman V, Wang M. The impacts of
digital technologies on successful aging
in non-work and work domains: An
organizing taxonomy. Work, Aging and
Retirement. 2022;8(2):198-207

12

[9] Butrica BA, Mudrazija S. Skills-Based
Hiring and Older Workers. Washington,
DC: Urban Institute; 2022

[10] Balliester T, Elsheikhi A. The
future of work: A literature review. ILO
Research Department Working Paper.
2018;29:1-54

[11] De Koning J, Gelderblom A. ICT
and older workers: no unwrinkled
relationship. International Journal of
Manpower. 2006;27(5):467-490

[12] Hecker I, Spaulding S, Kuehn D.
Digital skills and older workers. Urban
Institute. 2021;2021:1-24

[13] Komp-Leukkunen K, Sarasma J.
Social sustainability in aging popula-
tions: A systematic literature review.
Gerontologist. 1 Aug 2023:gnad097. DOI:
10.1093/geront/gnad097. Epub ahead of
print. PMID: 37526564

[14] Livingstone S, Mascheroni G,
Stoilova M. The outcomes of gaining
digital skills for young people’s lives
and wellbeing: A systematic evidence
review. New Media & Society.
2023;25(5):1176-1202

[15] Helsper EJ, Eynon R. Digital
natives: Where is the evidence?
British Educational Research Journal.

2010;36(3):503-520

[16] Helsper EJ, Schneider LS, van
Deursen AJ. The Youth Digital Skills
Indicator. Leuven: KU Leuven, ySKILLS;
2020

[17] Juszczyk S. Fields of impact of
social media on youth-methodological
implications. Acta Technologica
Dubnicae. 2015;5(2):80-86



Behold the Fourth Industrial Revolution and How to Keep Pace with Workplace Competencies...
DOI: http://dx.doi.org/10.5772/intechopen.1002648

[18] Hantrais L, Allin P, [27] Schrager A. The Modern Education
Kritikos M, Sogomonjan M, Anand PB, System was Designed to Teach Future
Livingstone S, et al. Covid-19 and the Factory Workers to be “Punctual, Docile,

digital revolution. Contemporary Social =~ and Sober”. New York: Quartz; 2018
Science. 2021;16(2):256-270
[28] Hanford E. The Troubled History of
[19] Vissenberg ], d’Haenens L, Vocational Education. Saint Paul, MN:
Livingstone S. Digital literacy and online ~ American Radio Works; 9 Sep 2014
resilience as facilitators of young people’s
well-being? European Psychologist. [29] Hoffman AM, Hoffman DB. A
2022;27(2):76-85 History of Vocational Education. 1976.
Retrieved from: https://files.eric.ed.gov/
[20] Kaushik M, Guleria N. The impact fulltext/ED132283.pdf
of pandemic COVID-19 in workplace.
European Journal of Business and [30] Darling-Hammond L. The Flat
Management. 2020;12(15):1-0. World and Education: How America's
Commitment to Equity Will Determine
[21] Rachmawati R, Mei ET, Nurani IW, our Future. New York, NY: Teachers

Ghiffari RA, Rohmah AA, Sejati MA. College Press; 17 Apr 2015

Innovation in coping with the COVID-19

pandemic: The best practices from five [31] Sharma G, Sharma P. Importance

smart cities in Indonesia. Sustainability. of soft skills development in 21st

2021;13(21):12072 century curriculum. International
Journal of Education & Allied Sciences.

[22] Tshabalala M, Beharry-Ramraj A. 2010;2(2):39-44

Examining the 4th industrial revolution
and South Africa youth entrepreneurship  [32] Kaliappan A, Hamid H. Industrial

linkage to Covid 19: Opportunities and 4.0 generic skills needed among

challenges. Gender and Behaviour. vocational colleges students in Malaysia.

2021;19(1):17204-17218 Journal of Pharmaceutical Negative
Results. 15 Dec 2022;13(Special Issue

[23] Abramson A. Burnout and stress 9):5924-5934

are everywhere. Monitor on Psychology.

2022;53(1):72-73 [33] Kamaruzaman M, Hamid R,
Mutalib A, Rasul M. Comparison of

[24] Lyttelton T, Zang E. Occupations engineering skills with IR 4.0 skills.

and sickness-related absences during International Journal of Online

the COVID-19 pandemic. Journal Engineering. 2019;15(10)

of Health and Social Behavior.

2022;63(1):19-36 [34] Kamaruzaman FM, Hamid R,
Mutalib AA, Rasul MS. Determination

[25] Maslach C, Leiter MP. COVID of 4IR generic skills constructs for

changed the world of work forever. engineering graduates. Journal of Positive

Scientific American. 1 Mar 2022;326(3) School Psychology. 2022;6(3):243-257

[26] Bussin MH, Swart-Opperman C. [35] Kamaruzaman FM, Hamid R,
COVID-19: Considering impacts to Mutalib AA, Rasul MS, Omar M,
employees and the workplace. SA Journal = Zaid MF. Exploration and verification
of Human Resource Management. of fourth industrial revolution generic
2021;19:5 skills attributes for entry-level civil

13



The Changing Landscape of Workplace and Workforce

engineers. International Journal of
Evaluation and Research in Education.
2023;12(1):121-130

[36] Mohd Adnan AH, Abd Karim R,
Mohd Tahir MH, Mustafa Kamal NN,
Yusof AM. Education 4.0 technologies,
industry 4.0 skills and the teaching of
English in Malaysian tertiary education.
Arab World English Journal (AWE]).
2019;10(4):330-343

[37] Rakowska A, de Juana-Espinosa S.
Ready for the future? Employability
skills and competencies in the twenty-
first century: The view of international
experts. Human Systems Management.
2021;40(5):669-684

[38] Savery JR. Overview of problem-
based learning: Definitions and
distinctions. Essential readings in
problem-based learning: Exploring

and extending the legacy of Howard S.
Barrows. The Interdisciplinary Journal of
Problem-Based Learning. (Bloomington,
IN). 15 Jan 2015;9(2):5-15

[39] Pedaste M, Mieots M, Siiman LA,
De Jong T, Van Riesen SA, Kamp ET,

et al. Phases of inquiry-based learning:
Definitions and the inquiry cycle.

Educational Research Review.
2015;14:47-61

[40] Guo P, Saab N, Post LS, Admiraal W.
A review of project-based learning in
higher education: Student outcomes

and measures. International Journal of
Educational Research. 2020;102:101586

[41] Nichols M, Cator K. Challenge
Based Learning White Paper. Cupertino,
California: Apple Inc.; Dec 2008

[42] Hapgood S, Czerniak CM,
Brenneman K, Clements DH, Duschl RA,
Fleer M, et al. The importance of early

childhood stem education. In: Johnson CC,
Mohr-Schoeder MJ, Moore T], English LD,

14

editors. Handbook of Research on STEM
Education. 1st ed. New York: Routledge;
2020. pp. 87-100

[43] Ismail Z. Benefits of STEM education
In: K4D Helpdesk Report. Birmingham,
UK: International Development
Department; 2018

[44] Soylu $. Stem education in early
childhood in Turkey. Journal of
Educational & Instructional Studies in
the World. 2017;14(4)

[45] Timms M, Moyle K, Weldon PR,
Mitchell P. Challenges in STEM learning
in Australian schools. In: Policy Insights
Issue 7. Camberwell, Victoria: Australian
Council for Educational Research; 2018





