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1. Introduction

The Fourth Industrial Revolution (4IR) is driving a
global shift towards digital technologies and the
integration of Artificial Intelligence (Al), Internet
of Things (loT), robotics and automation in all
aspects of our lives. Africa is not exempt from this
trend and must quickly adapt in order to keep up
with the rest of the world. Science, Technology,
Engineering, Arts and Mathematics (STEAM)
education is key to equipping the African
workforce with the necessary skills to participate in
the 4IR. Higher educational (HE) institutions are
responsible for human capital development for all
nations, and this can be pursued through various
modes, including traditional on-campus programs,
online education, and hybrid models that combine
both. HE plays a vital role in shaping individuals'
intellectual abilities, fostering personal growth,
contributing to societal progress, and driving
economic development. It is important for HEs to
continue to aim for improvements by leveraging
41R possibilities to ensure quality workforce
necessary for national developments. This is
important considering the volatile future of work,
and this brings about the need to structure education
towards multi-skilling for optimal performance
rather than providing a menu of predefined
disciplines and degrees.

2. Literature Review

2.1 Higher education and development

Higher education refers to education provided by
colleges, universities, and other institutions beyond
the secondary school level. It typically involves
post-secondary education and offers a more
specialized and advanced curriculum compared to

primary and secondary education. The concept of

higher education encompasses undergraduate and
graduate programs, leading to degrees such as
bachelors, master's, and doctoral degrees. HE
institutions are responsible for providing students
with a broader and deeper understanding of various
academic disciplines. They offer a range of courses
and programs that allow students to pursue their
interests and acquire specialized knowledge in
specific fields such as sciences, humanities, social
sciences, engineering, and business, among others.
HE plays a crucial role in the development of
individuals, societies, and nations (Arocena et al.,
2013; Mei & Symaco, 2021). HE is a key driver of
social and economic progress, offering numerous
benefits that contribute to personal growth,
innovation, and overall societal advancement
(Zgaga, 2011). Some roles of higher education are
Human Capital Development (Adedeji &
Campbell, 2013; Eseyin et al., 2014; Kumari,
2018), research and innovation (Hatakenaka, 2007;
Vessuri, 2008; Lakhotia, 2021), social mobility and
inclusive  development  (Marginson,  2018;
Cunninghame, 2017; Lin, 2020), as well as
entrepreneurship and job creation required for
closing the skills gap (Labi et al., 2014; Eze &
Aroge, 2019; Nhleko & van der Westhuizen, 2022)
among others. Educational institutions have
contributed greatly to reshaping future technologies
by being the test laboratories for innovations
(Yusuf et al., 2020). As such, higher education
plays a pivotal role in individual development,
economic growth, and societal progress by
equipping individuals with requisite knowledge,
skills, and values necessary for personal success

and contributes to innovation, social mobility,
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entrepreneurship, and global collaboration. Recent
trends show a transition to service-based economies
leading to working environments that require more
collaboration rather than the performance of routine
tasks and the university must continue to play the
important role of closing the skills gap (Scott &
Fisher, 2011; Labi et al., 2014). By investing
adequately in higher education, societies can
harness the transformative power of education to
drive sustainable development. This investments
should also take into cognizance the quality of
faculty equipped with knowledge creation and
authentic technology-driven assessment skills
through which the extent to which learning is
achieved is gauged (Carlow University, 2021;
Atibuni et al., 2022). The training should also take
into cognizance the use of IOTs required for
accepting 4IR possibilities for teaching and
learning and for creating smart education systems
(Vinayachandra & Krishna Prasad, 2020;
Gokeearslan et al., 2022). Considering that the need
for universities to occupy the space of problem
solving through research for societal relevance
(Polushina et al., 2018; Moscardini et al, 2020), a
new move in higher education is transdisciplinary
knowledge construction fast gaining importance
due to its ability for sustainably solving “wicked
problems” (O'Neill et al., 2019; Oladele, 2022;
Udovychenko et al., 2022). Higher institutions
should also change from their traditional
pedagogical approach to more technology
integrated modes by leveraging 4IR technologies
like most institutions were forced to during the
COVID-19 Pandemis (Dhawan, 2020). This is

particularly necessary for higher institutions in
developing countries in catching up with the 4IR
(Adhikari, 2020).

2.2 Science Technology Engineering, Arts and
Mathematics Education (STEAM)

STEAM education is an educational approach that
focuses on integrating the disciplines of science,
technology, engineering, arts, and mathematics. It
aims to provide students with a multidisciplinary
and holistic learning experience that promotes
critical thinking, problem-solving, creativity, and
collaboration skills. STEAM education recognizes
the interconnectedness of these fields and
encourages students to explore the intersections
between them. STEAM is an educational discipline
that aims to spark an interest and lifelong love of
the arts and sciences in children from an early age
and are regarded as similar fields of study in that
they all involve creative processes, and none uses
just one method for inquiry and investigation. The
need to teach relevant, in-demand skills was
stressed as a precursor for preparing innovative
students in an ever-evolving world, not only for the
future of the students themselves but for the future
of the country (Lathan, 2023). Some conceptual
approaches to STEAM education are Inquiry-based
learning which encourages students to ask
questions, investigate, and discover answers
through hands-on experiences. It emphasizes
critical thinking, problem-solving, and creativity
and fit for exploring real-world problems, project-
based Learning involving students working on
long-term projects that require them to use a variety

of skills and knowledge across different subject
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areas and encourages collaboration,
communication, and creativity, Integrated Learning
which involves blending the content and skills from
different subjects into a single lesson or activity and
aids for a more holistic understanding of the world,
design thinking which use human-centered
problem-solving  processes that emphasizes
empathy, ideation, prototyping, and testing. Design
thinking encourages students to think creatively,
iterate on ideas, and develop solutions that meet the
needs of their users. Overall, a conceptual approach
to STEAM education should be student-centered,
hands-on, and focused on solving real-world
problems. It should also emphasize creativity,
critical thinking, and collaboration, as these are
essential skills for success in the 21st century
(Yakman, 2008; Bauld, 2022). While STEAM
education is an offshoot of STEM education,
STEAM education includes an A for arts in the
teaching—learning process having the purpose of
improving the creativity of students among others
(Singh, 2021; Aguilera Morales & Ortiz Revilla,
2021).

2.3 The Fourth Industrial Revolution (4IR)
The Fourth Industrial Revolution (4IR) refers to the
ongoing transformation of our society and economy
through the integration of digital technologies,
artificial intelligence, automation, robotics, and
other emerging technologies. 4IR builds upon the
foundation laid by the previous industrial
revolutions, which were characterized by
significant shifts in manufacturing and production
processes. It is characterized by the fusion of

physical, digital, and biological systems, which is

reshaping various industries and sectors (Oladele et
al, 2022). 4IR is marked by the rapid pace of
technological advancements and their integration
into various sectors including business, industry,
healthcare,  education, transportation, and
governance has profound implications for the
economy, society, and individuals (Alsulaimani &
Islam, 2022). There is no gain-saying the fact that
41R has the potential to significantly transform
education and learning and reshape the future of
work. However, it also raises concerns about job
displacement, data privacy, cybersecurity, and
ethical considerations surrounding the use of
emerging technologies (Brown-Martin, 2017
Peckham, 2021; Jaafar, 2021). To navigate the
challenges and maximize the benefits of the Fourth
Industrial Revolution, stakeholders including
governments, businesses, and individuals need to
foster digital literacy, invest in education and skills
development, establish appropriate regulatory
frameworks, and promote ethical and responsible
use of technology (Zervoudi, 2019). The Fourth
Industrial  Revolution has  brought rapid
advancement of technologies which has created a
demand for a highly skilled workforce with
expertise in science, technology, engineering, arts,
and mathematics (World Economic Forum, 2017
Fox & Signé, 2021). STEAM education plays a
crucial role in preparing students for the challenges
and opportunities of the 4IR (Schwab, 2016).
STEAM education is connected to the Fourth
Industrial Revolution with respect to skill
development as the 4IR demands a workforce

equipped with advanced technical skills. As such,
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the 4IR is reshaping the job market, and many
traditional roles are being automated and STEAM
education holds the potential of equipping students
with the knowledge and skills needed for the jobs
of the future, ensuring they are prepared for the
changing workforce landscape. This synergy is
strong as STEAM education focuses on developing
critical skills such as coding, programming, data
analysis, and problem-solving, which are essential
in the digital age. Also, the 4IR requires individuals
who can think across disciplines and work
collaboratively in diverse teams while encouraging
students to integrate knowledge from various fields,
fostering interdisciplinary thinking and promoting
collaboration. The 4IR also emphasizes innovation
and the ability to adapt to rapidly changing
technologies and nurtures creativity, design
thinking, and entrepreneurial skills, enabling
students to become innovators and problem solvers.
With the proliferation of emerging technologies,
artificial intelligence, robotics, Internet of Things
(loT), and biotechnology have become mainstream
in different sectors (Bajracharya et al., 2021). It
becomes imperative for STEAM educators to
familiarize students with these technologies,
providing hands-on experience and enabling them
to understand and harness their potential. STEAM

education aligns with the goals and requirements of

the Fourth Industrial Revolution by fostering the
skills, knowledge, and mindset needed to thrive in
an increasingly technology-driven world. It
empowers students to become active participants in
shaping the future and encourages lifelong learning
to adapt to the evolving needs of the 4IR. To help
the learner survive and thrive in a VUCA
(volatility, uncertainty, complexity, ambiguity)
environment, efforts should be put into 21st-
century tailored instruction that engenders
flexibility, adaptability, observation, empathy,
creativity, innovation, openness to re-learn which
are apparently metacognitive and fractal with the
same basics at various levels of detail and
knowledge (Reaves, 2019; Papadakis et al., 2022).
This systematic review was carried out with the aim
of getting a closer view on the application of 4IR
for STEAM Education in higher education and
implications for Africa. To address the mentioned
research aim, this systematic review attempted to
answer the research questions:
1. What are the 21% century skills for
STEAM in Higher Education?
2. What are the areas of application of
41R in Higher Education?
3. What is the regional responsiveness to
STEAM Education and 4IR in Higher

Education?
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3. Research Method

§ Records removed before - - .
Records identified screening: Records identified from:
g from™: Duplicate records Grey literature (n = 17)
= Scopus (n = 187) removed (n = 0)
= Was (n = 5) Records marked
ineligible (n = 1286)
Records screened Records
=71 excluded™™
(n=22)
=2 Reports not retrieved Reports sought for
= Reports sought for retrieval inclusive of those retrieval
= (n = 49) inaccessible (n = 28) (n=17)
=
l Reports excluded: l
STEM not STEAM (n = 3)
Reports assessed for Non-Higher Institutions (n = 7)
eligibility Manufacturing (n = 5)
(n=18) Non-Focused (n = 24) Reports assessed
for eligibility (n = 7)
g Studies inciuded in review
(n =25)

Figure 1: PRISMA 2020 statement (Page et al., 2020)

3.1 Identification

The identification process involves identifying
articles through database searching as well as
deduplication. There were two databases namely
Web of Science (WoS) and Scopus chosen as both
databases for information retrieval. This decision
was premised on the perception of the two being the
major and most wide-ranging sources of
publication metadata as well as impact indicators
(Pranckuté, 2021). The potential keywords related
to the study was “STEAM Education AND The
Fourth Industrial Revolution” to make sure an
inclusive literature search. 187 articles including
empirical, review and theoretical articles were
identified from both databases with no duplicates.
This retrieval was complemented with 17 articles

from other sources including Grey Literature due to

its emerging importance (Luzi, 2000; Pappas &
Williams, 2011). A manual identification process
was carried using the data from the three sources
compiled into a CSV files to exclude the articles
which were irrelevant to the STEAM education and
41R between 2014 to April 2023 when the database
was last visited. The choice of the query date was
premised on the first mention of the 4IR by Schwab
in 2016 and
popularizing the concept (Cruz, 2019). This activity

regarded as responsible for
resulted in 187 articles with no duplicates and 126
articles which were marked as ineligible were then
removed, resulting in 71 articles were eligible for
the consecutive process.

3.2 Screening and Inclusion

The screening process was done to the 71 remaining

articles according to their titles, abstracts, and
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keywords related to STEAM Education and 4IR.
The outcome of the screening process revealed 22
articles which were irrelevant to this study and were

excluded. On the other hand, 49 articles were

process academic

jobs

sought for retrieval of which 25 articles were

included for review. The articles were subjected to

the word cloud function to have an overview of the

inclusions as shown in Figure 2.
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Figure 2: Word Cloud based on Reviewed Documents (Atlas ti Reports)

4. Data analysis procedure

The Analysis was carried out qualitatively using
Atlasti 23. In the first stage, all documents were
subjected to Al coding also known as In Vivo
coding to ensure a broad overview of matters
arising in the included documents. At the second
stage, A Priori coding was performed based on the
research questions to closely examine 21 century
skills for STEAM Education, areas of application
of 4IR in Higher Education and the regional

responsiveness to STEAM Education and 4IR in

Higher Education. Following this activity, the
codes were subjected to networking tool analysis
and discussed with appropriate literature.

5. Results and Discussion

5.1 RQ1: What are the 21st century skills for
41R in Higher Education?

In response to the first research question, skills-
related generated Al codes were screened and
created using the network tool as shown in Figure
3.
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21st century skills: Project-

21st century skills: Art
integration

based learning

21st century skills: Workplace
skills

| | 21st century skills: Soft skills

21st century skills: Transferable

skills

21st century skills: Integrated
learning

21st century skills: Arts
participation

21st century skills:
Interdisciplinary skills

21st century skills: Arts-based
instruction

21st century skills: Instructional

| | 21st century skills

Design

21st century skills: Integrated
curriculum

| | 21st century skills: Skills Gap

21st century skills: Knowledge
construction

21st century skills:

21st century skills:
Transdisciplinary approach

Multidisciplinary learning

21st century skills: Problem-
solving skills

21st century skills:

thinking

21st century skills: Critical

Interdisciplinary education

| | 21st century skills: Creativity

curriculum

21st century skills: Art-based

Figure 3: 21 Century Skills

Figure 3 display a network of 21 century skills
relevant for 4IR in Higher Education such as
creativity, Arts-based/integrated curriculum and
instructional designs, critical thinking, inter, multi
and trans-disciplinarily, problem solving, skills
gapping, skills transferability, problem-based
learning and workplace skills. In the context of the
Fourth Industrial Revolution (4IR), higher
education institutions need to equip students with a
set of skills that are relevant to the rapidly evolving
technological landscape. These skills play a crucial
role in preparing students for the demands of the

41R. This is eminent as the future of work and the

future of education are closely connected and if the
fourth industrial revolution evolves as expected, a
significant change was projected for the very nature
of work and careers. Therefore, students in higher
education should be prepared to be functionally part
of an enlightened society while optimising life
(Reaves, 2019). To achieve the desired level of
functionality, HE training requires the ability to
effectively navigate, evaluate, and create digital
content. This includes proficiency in using digital
tools, understanding online security and privacy,
and having a critical mindset when consuming

digital information (Dube, 2018; Fox & Jones,
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2018). Also, the ability to analyze problems, break
them down into smaller components, and solve
them using algorithmic and logical thinking also
known as computational thinking will also be a
great asset in these VUCA times (Papadakis et al.,
2022). While this skill is particularly relevant for
STEM education, integrating creativity improve
students’ outcomes and ultimately industrial
relevance (Singh, 2021; Aguilera Morales & Ortiz
Revilla, 2021). Furthermore, the capacity to think
critically, analyze information, and develop
innovative solutions to complex problems enables
individuals to adapt to new challenges and make
informed decisions in the face of uncertainty
(Waller et al., 2019; Taguma et al., 2020). The skill
of creativity also speaks to the ability to generate
novel ideas, think outside the box, and apply
creative approaches to problem-solving. In the 4IR,
where new technologies are re-modeling the
educational rapidly, the capacity to innovate is
crucial (Yusuf et al., 2020; Rodnyansky et al.,
2020). The Inter, multi and trans-disciplinary
approach to teaching and learning also requires
coeffective communication and a high level of
collaboration (O'Neill et al., 2019; Udovychenko et
al., 2022). Effective communication skills, both
written and verbal, as well as the ability to work
collaboratively in diverse teams are now in high
demand as they are relevant for 21% Century
workplace that are becoming more virtual with the
proliferation of the internet which is a major pillar
of the 4IR (Cascio & Montealegre, 2016). In the
41R era, individuals need to continue to improve in

communicating complex ideas, while effectively

leveraging virtual collaboration tools. The 4IR is
characterized by constant change and if not
carefully handled may further widen the already
created skills gap. As such, higher education
training should equip individuals to be adaptable
and resilient in order to thrive (Scott & Fisher,
2011). This necessitates the capacity to embrace
change, be open to learning new skills, and adapt to
evolving technologies and work environments.
Lifelong Learning is the mindset and skills
necessary for continuous learning and professional
development. This is apt as the 4IR requires
individuals to keep up with rapidly evolving
technologies and embrace lifelong learning to
remain relevant in their careers (Brown-Martin,
2017). Similarly, the need for arts integrated
curriculum is on the rise as the societal changes
from the 4IR will require higher education to
develop greater capacity for ethical and
intercultural understanding, placing a premium on
liberal arts-type education with modifications to
adapt to the particular issues raised by 4IR
technologies and their disruptions to society
(Penprase, 2018). The importance of these skills
may vary depending on specific disciplines and
career paths. However, integrating these 21st-
century skills into higher education curricula can
help prepare students for the challenges and
opportunities of the Fourth Industrial Revolution.
5.2 RQ2: What are the areas of application of
41R in Higher Education?

To answer this research question, the documents
were coded for application to 4IR and analysed

using the network tool as shown in Figure 4.
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Figure 4: Application of 4IR to STEAM Education

The pillars of 4IR described by Erboz (2017)
Robots,
System

include  Autonomous Simulation,

Horizontal and Vertical Integration,
Internet of Things (loT), Cloud technologies,
Additive Manufacturing (3D Printing), Augmented
Reality and Cyber Security. As shown in Figure 5,
there is a positive relationship and STEAM
Education and 4IR with the highlighted application
areas of Pedagogy in the predominant fields of
Engineering, Industrial design, Robotics and
sparingly, for Teacher Education. The review
reveals some of the 4IR-driven instructional

approaches such as authentic instruction,
instructional creativity computational thinking,
design thinking, technological driven assessment.

This show that instruction paradigm which has been

dominated by

teacher-centred

instructional

strategies is changing with a shift to the learning

paradigm which would require higher institutions

to engage faculty who are equipped with interactive
teaching skills. This was described by Atibuni et
al. (2022) as “teachers who are ‘meddlers in the
middle’, who create puzzling situations and work
alongside students to construct knowledge”. The
authors stressed the plausibility of shifting from the
instruction paradigm to the learning paradigm in
order to prepare teachers to meet the needs of 21st
century learners within the 4IR. The Fourth
Industrial Revolution brings forth a range of
advanced technologies that hold immense potential
for transforming pedagogy. From Al and machine
learning to VR/AR, IloT,

robotics, and data
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analytics, these technologies offer innovative
approaches to teaching and learning. By harnessing
the power of 4IR, educators can create
personalized, engaging, and effective learning
experiences that cater to the diverse needs of
students. As these advancements are embraced in
the educational sector, it is crucial to ensure
equitable access to technology while maintaining a
human-centric approach, where teachers play a
vital role in guiding and supporting students in their
learning journeys. Al and 3D Printing. The use of
video conferencing application (Google Meet,
Microsoft Teams, Zoom) for deploying teaching
which was triggered by the COVID-19 Pandemic
has helped in the transformation of the education
sector towards industry 4.0 and a key driver for the
digital transformation of the education sector. This
transformation creates an opportunity to ensure that
universities become innovative and creative hubs at
the same time being able to scale up access to
educational resources as space is no longer a
challenge while leveraging the asynchronous and
synchronous learning modes (Kayembe & Nel,
2019; Mhlanga, 2020). In an educational context,
loT devices can facilitate smart classrooms and
campuses (Al-Taai et al.,, 2023; Ayanwale &
Oladele, 2021). For instance, sensor-equipped
classrooms can monitor environmental conditions
such as temperature, humidity, and lighting,
optimizing the learning environment for student
comfort and productivity. 10T devices can also
track students' attendance, movement patterns, and
interactions, enabling educators to gain insights

into individual learning behaviors and tailor

instruction accordingly. Gokgearslan et al. (2022)
stressed that the acceptance of 10T technologies in
education by pre-service teachers will affect their
intention to use these technologies in the future. In
educational sectors, many institutions are exploring
advanced digital infrastructure applications to
improve the learning and teaching abilities of the
difficult subjects of STEAM subjects. 10T devices
in the classroom or in laboratory activities can
enhance the learning process with innovative ideas
to increase student motivation in much faster and
effective ways (Ayanwale & Oladele, 2021,
Bajracharya et al. 2021). Smart education systems
make efficient use of IT technology that takes
advantage of 1oT and cloud computing technologies
to track and act on multiple educational system
components (Vinayachandra & Krishna Prasad,
2020). Prospects with immense potential for
education is the combining loTs with Al for Al-
powered chatbots, virtual assistants, and intelligent
tutoring systems which can provide personalized
guidance, answer student queries, and offer real-
time feedback to further enhancing the learning
experience (Slepankova, 2021; Okonkwo & Ade-
Ibijola, 2021; Oladele et al., 2021). Another
prospect is on the area of wearable devices, such as
smartwatches or fitness trackers, integrated with
loTs can monitor student health and well-being.
This data can help educators identify patterns,
adjust teaching strategies, and promote a healthier
and more productive learning environment (Dinh-
Le et al., 2019; Passos et al., 2021. Automating
every entity of the education system and the

elements involved in it can enrich and improve, as
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well as change, the knowledge ecosystem's end-to-
end learning lifecycle (Ayanwale & Oladele, 2021).
Educational institutions have to continually adopt
41R technologies being an important factors for
improving learning outcomes for STEAM

Education.

Country

5.3 RQ 3: What is the regional responsiveness
to STEAM Education and 4IR in Higher
Education?

To ascertain the level of regional responsiveness to
STEAM Education and 4IR, the country level
involvements in research in these fields were
screened and to understand the geographical

context of their discussions as shown in Figure 6.

Country: Philippine

I Country: Tokyo

Country: Malaysia

Country: India

Country: Czech Republic

I Country: Germany

Country: Mexico I Country: Spain

Country: Brazil

I Country: Canada

I Country: Washington

I Country: South Africa

I Country: Egypt

Figure 5: Countries level Research Involvements in STEAM Education and 4IR

As shown in Figure 5, most of the countries where
the manuscripts were the published research were
carried out mostly in developing countries
(WorldData.info, 2023); with researches emerging
from only two African countries (red boxes). The
study carried out in Philippine explored assessment
practices of the sampled higher education
Philippine STEAM educators and result showed
that assessment was career or industry readiness-
tailored while mounting the needed assessment
systems by leveraging 4IR tenants and engagement
in collective and reflective assessment processes.
Technology-driven assessment practices were

reported to offer quick and compelling insights

when used to identify knowledge gaps in formative
assessments with instant feedback required for
consolidation of learning (Carlow University,
2021). One of the studies carried out in Malaysia
investigated required reliance on e-learning and
robotics education with reference to the school
closure necessitated by the pandemic. This is quite
necessary considering the drawbacks suffered in the
face of school closure experienced in the education
sector with developing countries being the most hit.
The COVID-19 Pandemic jolted many institutions
to remote learning and learning through the process
as there were little or no preparatory periods

(Dhawan, 2020). Considering that the previous
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three Industrial Revolutions have bypassed the
LDCs, the (4IR) offers several opportunities for
them to leapfrog along their development
trajectory, provided correct measures are taken to
prepare them as well as to mitigate potential risks
(Adhikari, 2020). With the 4IR now well underway,
many developing countries have a golden
opportunity to make huge progress over the coming
years. However, if the world’s least developed
countries (LDCs) want to take full advantage of the
41R they will need to start laying foundations to get
involved sooner rather than later as technology and
STEAM education are two major areas where
LDCs could benefit from the 4IR (Black, 2019).
The engagement of developing countries in the
Fourth Industrial Revolution (4IR) is a topic of
great significance and potential. While developed
countries have been at the forefront of
technological advancements, there is increasing
recognition of the importance of including
developing nations in the 4IR to ensure inclusive
and sustainable growth worldwide (Ndung’u &
Signé, 2020; Udovychenko et al., 2022). Another
reviewed study carried out in India investigated the
key factors influencing educational institutions’
(knowledge providers) and learners’ (knowledge
recipients) intentions to use blockchain technology
as one of the foundational 4IR technologies with
multi-sectoral application. Closing the digital
divide is necessary with technology adoption to
leverage the 4IR which has the potential to drive
efficiency, productivity, and innovation across
various sectors, including healthcare, agriculture,
manufacturing, and education and especially in

populous countries. Yet another study carried out in

Czech Republic focused on analysing the labour
market situation from employers perspective and
their expectations of university graduates in the
context of 4IR. This study is apt as there is an urgent
need to strengthen the capabilities and skills of the
workforce vital for developing countries to harness
the benefits of the 4IR (Fox & Signé, 2021). Some
of the reviewed studies were on pedagogic
involvements with higher education students such
as service-learning using drone technology with the
real context application in Engineering Education
(Malaysia), technology-enhanced industrial design
education and Design Thinking Approach to
students STEAM project (South  Africa),
Computational Thinking in Mathematics Education
(Malaysia) and Active Learning in Engineering
Education for fostering digital literacy (Mexico).
Appropriate pedagogy will continue to play a
crucial role in STEAM education, as it directly
impacts the effectiveness of teaching and learning
experiences in these disciplines. The relevance of
the right pedagogical approach for STEAM
education cannot be over-emphasised as STEAM
subjects  require active participation and
engagement from students. The right pedagogy
encourages hands-on, inquiry-based learning
experiences that promote critical thinking,
problem-solving, and creativity. It shifts the focus
from passive listening to active exploration,
experimentation, and collaboration, allowing
students to develop a deep understanding of
concepts and their practical applications.
Considering that STEAM education emphasizes the
integration of multiple disciplines to solve real-

world problems, effective pedagogy facilitates the
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exploration of connections between science,
technology, engineering, arts, and mathematics,
enabling students to see the interconnectedness of
these subjects while encouraging students to think
holistically, promoting interdisciplinary thinking
and problem-solving skills that are valuable in the
modern world being a skill required in VUCA times
(Bauld, 2022). Also, applying the appropriate
pedagogy for STEAM Education provides
authentic and meaningful contexts for learning and
enhances students' motivation and engagement.
STEAM education should connect classroom
learning to real-world problems, applications, and
examples to help students see the relevance of what
they are learning and understand how it can be
applied in practical situations (Bauld, 2022).
Authentic contextualization helps students develop
a deeper appreciation for the subjects and fosters a
sense of purpose and curiosity which is a
prerequisite for creativity and Innovation being at
the heart of STEAM Education (Aguilera Morales
& Ortiz Revilla, 2021). Another study aimed at
understanding how the production of knowledge
policies is implemented in a public Mexican
university. This study is apt for educational
institutional administration requiring collaboration
from industry stakeholders to provide training
programs, vocational education, and upskilling
opportunities to equip individuals with the
necessary digital literacy and technical expertise.
Also, developing innovation ecosystems by
supporting entrepreneurship in higher institutions
of learning through research and development
(Lakhotia, 2021; Labi et al., 2014), and technology

startups is inevitable for meaningful development

while  promoting indigenous technological
solutions that address specific socio-economic
challenges (Moscardini et al, 2020). Developing
countries should also develop forward-looking
policies and regulations that encourage innovation,
protect intellectual property rights, and ensure
ethical and responsible use of technologies through
collaboration between governments, industry,
academia, and civil society is essential to establish
effective frameworks being a sure path for
transdisciplinary engagement for problem-solving.
6. Conclusion

This systematic literature review has critically
reviewed papers related to teachers’ technology
acceptance in the COVID-19 pandemic to identify
literature on STEAM Education and 4IR and 25
articles which met the search criteria were
identified with the adherence to the preferred
reporting  items  for  systematic  review
recommendations and meta-analyses PRISMA
protocol to review published studies in Scopus,
WoS databases supported with grey literature. The
findings show that learning of STEAM is now
widely touted as an urgent requirement to future-
proof current and future generations. Relevant to
the 4IR are the knowledge about privacy and data
protection, the role of social media in information
circulation, understanding cyberattacks, bots and
hacking, and how algorithms and automation are
changing the future of work in various sectors.
These should inform the curricular design for
higher education. Also, digital literacy is that next
step which gives students the adaptive abilities they
need to participate fully in the global digital society.

Digital literacy guarantees that students will benefit
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from the digital economy and derive new
opportunities for employment, innovation, creative
expression, and social inclusion required for 21%
Century relevance. Furthermore, education and
lifelong learning will be of vital importance to
equip present and future generations to not only be
a productive part of this new world but also to meet
the societal challenges presented by the 4IR, and
the existential challenges presented by climate
change and population growth. The engagement of
developing countries in the Fourth Industrial
Revolution and STEAM Education requires
concerted efforts from multiple stakeholders. By
addressing  infrastructure  gaps,  fostering
innovation, and investing in human capital,
developing nations can position themselves to
leverage the transformative potential of the 4IR and
promote sustainable development.
7. Limitations of the Study
The findings of this study shall be interpreted with
caution and several limitations should be borne in
mind. First and foremost, considering the
comprehensiveness of the database content, this
systematic review adopted Scopus and WoS
databases supplemented with grey literature to
identify the articles related to the research focus
from 2014 to April, 2023. There might be more
relevant articles available in other databases as the
years unfold which could inform the direction on
future research.
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