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ABSTRACT 

The fourth industrial revolution (4IR) is described as the advent of a world where people 

move between digital domains and offline reality using connected technology to facilitate 

and manage their lives, powered by artificial intelligence and other related technologies. 

4IR will transform the workplace from task-based characteristics to human-centred 

characteristics. The convergence of man and machine will reduce the subject distance 

between humanities and social sciences, as well as science and technology. The advent 

of the 4IR exerts continuous influence on the functioning of our society today, forcing it 

to adapt – whether in an academic, economic or industrial environment. In the previous 

industrial revolutions, changes occurred in education generally, and many changes are 

being recorded in the current revolution. Such changes lend credence to why a revision 

of the traditional methods used in academia, and the engineering field in particular, is 

necessary to meet the rapid changes in all spheres of life that accompany the 4IR. 

Different studies have looked at the impact of 4IR on education, but there has been no 

reported work that focuses on engineering education specifically in the South African 

context. This study therefore focuses on the impact of 4IR on engineering education in 

South Africa and provides recommendations that would facilitate the adaptation of the 

Engineering curriculum, modes of teaching and learning, and assessment methods that 

fit into the 4IR. The outcome of this study will be of great benefit both academics and 

practising engineering professionals, and most importantly to the Engineering Council of 

South Africa (ECSA) in paving new ways of training of engineers under its leadership. 

The research approach employs both qualitative (survey with open ended questions) 

and the quantitative research method (surveys with closed-ended questions) to arrive 

at meaningful conclusions on the actual impact of 4IR on engineering education in South 

Africa. 
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1. INTRODUCTION AND BACKGROUND 

Throughout history, people have been dependent on technology. Each era’s technology has 

differed; people used the technology they had available to make their lives easier, while 

trying to enhance and perfect it. The previous three industrial revolutions took place at a time 

when the development of science and technology was embryonic in the Western world. 

Driven by the Second World War, the arms race and the Cold War, this development 

happened at a high speed, culminating in the fourth revolution. This 4IR is occurring not only 

in the Western world but also in other parts of the world, including South Africa.  

According to [1], different stages of industrial revolutions with respect to production are 

described as: 1st Industrial Revolution, in which water and steam power were used to 

mechanise production, while the 2nd Industrial Revolution dealt with mass production 

enabled by electric power;  the 3rd Industrial Revolution hinged on automated production 

through semiconductors and information technology, and the current or 4th Industrial 

Revolution has to do with more customised production and a fusion of technologies that blurs 

the lines among the physical, digital and biological spheres as depicted in Figure 1.1 [2]. 

According to [3], Klaus Schwab, the Founder and Executive Chairperson, World Economic 

Forum, in his paper for the economic summit held in Davos in 2016, described the 4IR as a 

new “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 response 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.” 

Furthermore, in [4] the 1st Industrial Revolution to the 4IR are described, in line with Figure 

1.1, as follows. 
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Figure 1.1: Evolution of Industrial Revolutions [2] 

 

• First Industrial Revolution: This is the period where coal, water and steam were used 

for steam engines through which innovations emerged that enabled the large-scale 

manufacturing of goods, such as textiles, etc. This resulted in urban densification due to 

mass movement of people from rural to urban areas to work in factories. 

• Second Industrial Revolution: This revolution brought about the invention of electricity, 

which in turn enabled mass production of goods. The internal combustion engine that 

resulted in automobiles emerged. The period was also marked by increased use of steel 

and petroleum, and the harnessing of electric current. This pushed the progress of the 

first industrial revolution to move beyond cities and achieve scale across countries and 

continents. 

• Third Industrial Revolution: This was the age of computers and digital systems 

through which new ways of processing and sharing information were enabled. This 

period was characterised by transistors, microprocessors, robotics and automation, as 

well as mass communications made possible by the Internet. 

• Fourth Industrial Revolution: This is also being referred to as Industry 4.0 it is being 

driven by digital technology and its ability to fuse physical, digital and even biological 

elements. This is an era in which disruptive technologies and trends are changing the 
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way that we live, work and relate to one another. Some of the emerging technologies in 

this phase include artificial intelligence (AI), the Internet of Things (IoT), cloud 

computing, cyber security, robotics, autonomous robots and vehicles and additive 

manufacturing. 

Schwab in [4] further states that the 4IR is the beginning of a global transformation, with all of 

the characteristics stated above, that is changing the world around us and our very idea of 

what it means to be human. The changes are historic in terms of their size, speed and scope. 

This transformation is not defined by any particular set of emerging technologies but rather 

by the transition to new systems being built on the infrastructure of the digital revolution. 

Each revolution brings significant change to society, the economy and the world itself. Until 

the 4IR, each preceding industrial revolution lasted about a century; however, technology 

has moved quickly to accelerate this latest revolution. As these individual technologies 

become ubiquitous, they will fundamentally alter how we produce, consume, communicate, 

move, generate energy and interact with one another. 

1.1 The evolution of education from Education 1.0 to Education 4.0 

Just like the industrial revolution, the education system has evolved over the years. The 

evolution from Education 1.0 to Education 3.0 is reflected in Figure 1.2 [5]. As 4IR emerges, 

we are also moving to Education 4.0. Table 1.1 presents Education 1.0 versus Education 4.0 

[25]. 
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Education 3.0 

Figure 1.2: Education evolution [5] 
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Table 1.1: The Education Evolution 1.0 vs Education Evolution 4.0 [25] 

 

Makrides [5] describes various evolutions in education systems as follows: 

• Education 1.0: This was a teacher-centred system in which the teacher gives 

knowledge as the absolute leader in the classroom. During this era, no technology was 

used in the classroom and the students were passive recipients of knowledge. 

• Education 2.0: During this era, communication and collaboration began to grow. 

Students memorised knowledge for examination instead of mastering of knowledge for 

appropriate applications. This era was characterised by the invasion of technology and 

social networking. Although, technology is applied to the classroom as a trend indicator, 

the class continues to have the same structure as in Education 1.0. A lack of correlation 

between the technology and the curriculum made the system unable to properly follow 

the evolution of technology. Students seem to know more than their teachers due to the 

use of Google search and use of other electronics media. 

• Education 3.0: This era shifted to a student-centred approach, in which the teachers 

serve as coordinator/facilitator, advisor, learner and practice guide to students. The 
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students get involved in personal research and the Flipped-classroom method applies. 

Self-study by students is made possible with the aid of technology that is available 

everywhere. 

• Education 4.0: In this era, it is expected that co-creation and innovation will be at the 

centre. New technologies such as AI, machine learning, IoT, cloud computing, 

blockchain, smart manufacturing, etc will be introduced on a massive scale directly 

impacting all aspects of humankind. Flipped classroom is expected to be applied 

wherever and whenever an interactive practical exercise takes place face-to-face. 

Students are expected to learn at home, with the designed learning plans being called 

creativity plans. The mode of education will be enabled by availability of technology that 

is free or/and easily accessible. There will be increased use of virtual reality platform. It 

is also expected that there will be continuous evolution and innovation resulting in 

continuous training and development of new knowledge and skills by all. According to 

recent studies on the engineering skills framework set for Industry 4.0 by 18 different 

countries under the Washington Accord of International Engineering Alliance, the 

following skills are expected to be in the high demand [24]: complex problem solving, 

critical thinking, creativity, people management, coordinating with others, emotional 

intelligence, judgement and decision-making, service orientation, negotiation skills and 

cognitive flexibility. More attributes of Education 4.0 can be seen in Table 1.1.  

1.2 Need for change 

Just as the industrial revolutions have evolved from the first industrial revolution to the 4IR, 

education has also evolved from Education 1.0 to Education 4.0. There is an urgent need for 

immediate change in engineering education policy. The rapid pace of change brought about 

by technological advancements has resulted in tertiary institutions being on the back foot and 

being unable to respond adequately and timeously to the changes required in the curriculum 

to prepare for the 4IR. It is paramount that engineering students be exposed to proper 

upskilling and reskilling training by the higher educational institutions to ensure their 

employability in the advent of much-awaited Industry 4.0. Both governments and industries 

have their roles to play to ensure that higher educational institutions meet this great demand.  
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This study aims to determine the changes that must be made to engineering curricula, 

modes of teaching delivery and learning and assessment types, to mention a few, in South 

African universities to respond to the requirements and opportunities presented by the 4IR. 

2. LITERATURE REVIEW 

In this section, a survey of relevant works in literature and other media is presented.  

Schwab [4] in The Fourth Industrial Revolution mentioned that various past industrial 

revolutions freed humankind from animal power, ensured mass production of goods and 

brought digital capabilities to billions of people. He further opined that the 4IR is 

fundamentally different from previous revolutions as it is characterised by a range of new 

emerging technologies that are fusing the physical, digital and biological worlds. Hence, it 

has a wide range of impact on almost every facet of life and on all disciplines, economies 

and industries.  In conclusion, Schwab made passionate pleas to leaders and citizens to 

carve out a future that works for all by ensuring that they put people first, empower the 

populace and continue to remember that all of these emerging technologies are first and 

foremost tools made by the people, for the people. His appeal is against the backdrop that 

decision-makers are too often caught in traditional, linear (and non-disruptive) thinking or too 

absorbed by immediate concerns to think strategically about the forces of disruption and 

innovation shaping our collective future. 

Marr [6] described the 4IR as an exponential change disrupting the traditional way we live, 

work and relate to one another, due to the adoption of cyber-physical systems, the IoT and 

the Internet of Systems. He further postulated that as smart technologies are implemented in 

factories and workplaces, connected machines will interact, visualise the entire production 

chain and make decisions autonomously. In line with Schwab’s line of reasoning, Marr also 

suggested that this revolution is expected to impact all disciplines, industries and economies. 

The 4IR will disrupt almost every industry, in every country, and will create massive change 

in a non-linear way, at unprecedented speed. He concluded by calling out to everyone to 

embrace the new changes and to realise that jobs of today may be dramatically different in 

the near future. By extension, education and training systems need to be modified to better 

prepare people for the flexibility and critical thinking skills they will need in the future 

workplace. 
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According to Joi Ito, the Director of MIT Media Lab, the 4IR is revolutionary because it 

enables organisations to capture data from the physical world, analyse it digitally and drive 

informed action back into the physical world [7]. This continuous and cyclical flow of 

information, referred to as the physical-to-digital-to-physical loop, allows organisations to 

react in real time to shifts in the ecosystem. It also enables 4IR era organisations to use the 

mass of collected data to begin to recognise patterns, simulate and model potential future 

scenarios, and learn and even predict future shifts. This then will make them more 

responsive to unexpected shifts in demand, more flexible in the face of unpredictable 

environmental shifts and better prepared to address challenges, both internally and 

externally. 

In terms of the impact of 4IR on education, Penprase in [8] highlights that substantial 

changes to the science and technology curriculum will be required to allow students to 

develop capacities in the rapidly emerging areas of genomics, data science, AI, robotics, and 

nanomaterials. He posed that Fourth Industrial Science, Technology, Engineering and 

Mathematics (STEM) curricula should reconsider the curricula within the traditional primary 

sciences (Biology, Chemistry and Physics) and place a higher premium on training in 

Computer Science subjects as a form of 4IR literacy. Additionally, educational responses to 

the 4IR may also require the restructuring of educational institutions to provide new science 

programmes and departments in emerging interdisciplinary fields. This will, in turn, enable a 

more efficient provision of trained workers to help advance and accelerate the development 

of sophisticated biotechnology, nanotechnology materials and AI. He concluded that 

educational plans for the 4IR should be built upon the results of the Third Industrial 

Revolution, with its emerging development of hybrid online and in-person instruction, efficient 

and seamless integration of global videoconferencing and a wide array of asynchronous 

educational resources. It is expected that blended instruction and optimisation of flipped and 

online courses in 4IR era will make more efficient learning environments that can adapt for 

diversity in preparing students. 

In terms of jobs during the 4IR era, Penprase argues that the changing nature of work, which 

favours more flexible and shorter-term assignments, is a key factor to be addressed within 

4IR education [8]. Because future jobs within the 4IR technology sectors – AI, machine 

learning, robotics, nanotechnology, 3D printing, genetics and biotechnology – are expected 
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to dominate in the coming decades, within those sectors, employers and industries are 

projecting that social skills that include persuasion, emotional intelligence and a capacity for 

teaching others will be at a premium. It has also been noted that the shelf life of any skill in 

the present-day environment has become increasingly short, requiring future workers to 

continuously update their skills and teach themselves about new technologies and new 

industries that may not have existed while they were being trained for their initial degrees. A 

further design requirement for education within the 4IR would be to include a strong overlay 

of ethical thinking, intercultural awareness and critical thinking to enable thoughtful and 

informed application of the exponentially developing technologies. In fact, as a result of the 

exponential growth and rapid changes associated with 4IR, Penprase put forward that 

curriculum contents are required to be updated at an unprecedented frequency to match the 

rapid tempo of scientific and technological advances [8]. Such changes in curriculum will in 

turn demand that an extremely high premium must be placed on faculty development as well 

as the mandate to develop students who can think and reinvent themselves within the 

changing world into which they will graduate. In addition, the rapid pace of change within the 

4IR will require rapid expansion of existing initiatives for updating skills after graduation. 

Within scientific and technical education, there will be a need to educate and re-educate 

students to help develop and shape the use of today’s most rapidly emerging technologies. 

Pathways for students to re-engage with their institutions after graduation will become 

imperative and will provide updated skills to workers and a new channel for younger students 

and faculties to engage with the rapidly changing realities within the industrial and corporate 

sectors. However, it is critical that focus should be directed towards ensuring that the 

acquired skills by the students now should be up to the level to make them fit into rapidly 

changing world. Although there should be room for upskilling, whatever skills the students 

acquire should make them readily fit into the rapidly changing industrial world. One model 

being proposed is the “open loop university” where students can experience six years of 

higher education over their entire adult careers, which allows them to blend their learning 

with life experience and provide value to the campus by returning as expert practitioners over 

several intervals, thus enabling students to refresh their skills while interacting with the 

campus community. Another model, known as the “axis flip” prioritises skills development 

and competency training over content and disciplinary topics, requiring new methods of 
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assessment and a degree known as a “skill-print” that students would constantly renew and 

extend throughout their careers. 

With the evolution of online instruction and expanded uses of AI, the authors in [9] suggested 

that new guidelines should be developed that will provide a theoretical basis for digital 

education. They reason that the curriculum must help students grapple with the complex 

issues of relationships within online spaces and the philosophical dimensions of AI, which 

may approach or even surpass human intelligence. A new 4IR curriculum will need to reduce 

the divisions between humanities and STEM to create a more integrated system of 

education. Higher education in the 4IR must not only develop the capacity for analysing and 

breaking a technical or scientific problem into its constituent parts but must also emphasise 

the interconnections among each scientific problem on a global scale as well as interrelations 

among the physical, chemical, biological and economic dimensions of a problem. To be 

precise, the 4IR curriculum needs to train students to recognise and help manage the 

proliferating numbers of exponentially responding and interconnected systems. 

Furthermore, future jobs such as data analytics will help companies make sense of and 

derive insights from the data generated by technological disruptions. Social skills such as 

persuasion, emotional intelligence and teaching others will be in higher demand across 

industries, more than narrow technical skills (such as programming or equipment operation 

and control) [9]. In essence, technical skills will need to be supplemented by strong social 

and collaborative skills.  

The logic of education systems should be reversed so that it is the system that conforms to 

the learner, rather than the learner to the system. One innovative initiative exploring new 

sequencing of higher education is the Stanford 2025 project, which envisions several 

mechanisms whereby students can extend their education over longer timeframes [10].  

Reasoning how the education curriculum will be impacted [9] posed some though-provoking 

questions that demand answers. Some of these key questions include: “How will the 

lecturers teach?” “How will the students learn? (Method)” “What will the lecturers teach?” 

“What do the students need to learn?” “What do industry and society expect the students to 

learn? (Content)” “What will the learning space look like?” “What is the role of the lecturers?” 

“What is the role of the students?” “What are the attributes of the students/lecturers?” 
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Gleason [11] argues that education through traditional institutions of higher education is still 

important, but their collaboration with industry and governments needs to be more intense. It 

well known that a large lecture theatre with a single tutor/lecturer, in which information is 

transferred from the instructor to more than 200 learners seated in the room, is an outdated 

mode for student learning because the pedagogy does not deliver the necessary skills for the 

automation economy. Though knowledge acquired through such means is not without value, 

the content it is designed to deliver is only part of the puzzle of efficient and good work. 

Consequently, students need to learn new ways to manipulate content, over and over again. 

Problem-based learning and experiential learning are essential components of higher 

education pedagogy in the era of 4IR. 

Xing et al. in [12] highlight that from the first to third industrial revolutions, machines 

outperformed humans in terms of mechanical tasks. This led to a shift in the duties 

associated with human labour in the service industry, from mechanical tasks to cognitive 

tasks. However, with the advent of AI, 4IR technologies are poised to outperform humans in 

cognitive tasks. The authors put forward an adaptive approach in which both the lecturers 

and students use an “Adopt Fast and Adapt Quick strategy” for higher education in the 

context of the 4IR. Their proposal indicates evidence from a “smart mining” case executed by 

the University of Johannesburg in South Africa. Findings in their works suggest that an 

adaptive solution should be employed to meet new demands in the higher education arena in 

which issues of accessibility (where educational arrangements are adjusted to encourage 

project-based interactions that take a range of factors into consideration, where students are 

capable of learning and working anywhere, with uninterrupted access to study materials and 

by keeping their peers within reach), digital literacy (where students and faculty possess the 

ability to make connections and perceive implications among the tools they use and their 

intended outputs), acceleration (where students have access to professional mentors and 

coaches who will join them in exploring new front-lines, solving problems and obtaining 

concrete skills at an astonishing rate), pan-regionalisation (where universities, businesses 

and governments delve deeper into relationships and opportunities with their peers around 

the world), transformation (where the learning environment makes possible cultural 

transformation to promote progressive learning, and at the same time spurs the development 

and intersectionality of new concepts and rewards student-focused teaching innovation),  

inclusiveness (where initiatives are made to be inclusive rather than a situation where 
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individuals fend for themselves), vision (where fresh visions are implemented to create an 

optimised learning experience that touches everyone involved in a significant way) and 

engagement (where both the business world and the academic research community  engage 

with the community and all stakeholders to make substantial impact on social, economic and 

educational advancement) are addressed. 

Butler-Adam posited that one of the implications that arises for institutions of education due 

to the advent of 4IR has to do with curricula, teaching and learning instead of being about 

robotic tutors. He reasoned that to succeed as a member of society and as an employee in 

the age of the 4IR, numeracy, literacy and a solid grasp of how the world operates are 

critical. Learners studying the basic and applied sciences must also understand the political 

and social natures of the world in which they operate. Consequently, the graduates of both 

humanities and social sciences fields must understand at least the foundations on which AI 

operates. 

In their works, Manda and Dhaou [14] attempt to understand both the opportunities and 

challenges that are confronting developing countries  as they make efforts to adoption the 

digital transformation agendas that are driven by 4IR. In their works, South Africa was 

employed as a case study to capture various challenges confronting developing countries. 

From their study, the authors were able to showcase the various opportunities and 

challenges of the 4IR in the global South and explain the various strategies the South African 

government has put in place to promote digital transformation.  

While looking at the implications of the 4IR on education, Xing and Marwala in [15] argue that 

a new form of a university has to emerge in which teaching, research and service are 

performed in a different way. Specifically, they indicated that the 4IR-based university will be 

interdisciplinary with virtual classrooms and laboratories, together with virtual libraries and 

virtual teachers, without degrading educational experience but rather augmenting it. In [16], 

focus is shifted to the implications of the transformations that are associated with 4IR on 

engineering education globally and its value and importance. It highlights some of the 

challenges and implications that engineering education will be faced with, which align with 

issues highlighted by Schwab in [4]; it also recommends some corresponding solutions. The 

author suggested that since engineering education evolves at present to meet changes in 

technology, markets and societal needs, engineering faculties have to be trained on the 
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needed teaching and learning methods and professional skills that their learners will 

encounter in the workplace. Further the author stated that employers are also looking for 

engineers with creativity, leadership and entrepreneurial skills, lifelong learning skills and the 

ability to work in interdisciplinary teams and engineers who will incorporate interdisciplinary 

knowledge in their work. Hence, engineering educators must rise to the occasion by 

developing and continuously updating their skills and preparing their students. 

In [17], the authors, while investigating how to effect needed changes in education curricula, 

emphasised that flexible curricula and teaching approaches for diverse contexts that move 

away from a teleological view of ‘skills’ are required for higher education to be able to deliver 

education to learners to prepare them for the demands and challenges of the 4IR. Curricula 

to serve the changes associated with 4IR are not supported by the current focus on 

predefined categories and types of learning. Furthermore, the changes in teaching 

technologies and tools have not been matched by flexibility in the processes and policies 

designed to ensure quality in higher education which increasingly frustrate attempts to 

respond effectively. Hence, the authors concluded that the existing framework needs better, 

imaginative rethinking about the  curriculum to address the current and future needs of 

students in a new world of 4IR. 

A unified Theory of Acceptance and Use of Technology (UTAUT) was employed for the study 

on the disruptive effects of technology innovations, the 4IR, in [18]. The authors employed 

face-to-face, semi-structured interviews in a bid to explore the views of selected key 

stakeholders in the education sector to understand their readiness and acceptance of the 4IR 

in the sector. The outcomes of their study suggest that the education sector, especially in 

Africa, is for the much-anticipated unprepared for 4IR, although there are indications for 

opportunities to harness its potential. The study also demonstrates a symbiotic relationship 

between the education sector and technology innovations, in that 4IR is seen as a means of 

facilitating students’ learning experience as well as transforming the workplace. The author 

concluded a need to assess the learning environment, to understand the facilitators and 

barriers to 4IR adoption, while at the same time emphasising the need for significant 

improvement in education curricula and investments in education.  

In [19], the influence of the Covid-19 pandemic was studied as a spur for digital 

transformation in the education sector in South Africa. The study hinged on the fact that 
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learning in South Africa and the rest of the world came to a standstill due to the lockdown 

imposed by the government as a bid to curb the effect of Covid-19. The authors attempted to 

track the rate at which the 4IR tools were used by various institutions during the Covid-19 

lockdown. The findings based on the data obtained from secondary sources suggests that in 

South Africa, during the lockdown, a variety of 4IR tools was unleashed from primary 

education to higher and tertiary education in which educational activities moved from face-to-

face to remote (online) learning. Based on the observation, the authors suggested South 

Africa generally has some pockets of excellence to drive the education sector into the 4IR, 

through which access to education can be increased significantly. The postulation is based 

on access to education, particularly at a higher education level, having always been a 

challenge due to a limited number of spaces available in the university environments. 

In all the above highlighted studies, the foci are mainly on the general impacts of 4IR on 

socio-economic welfare, human and broader education space. Some of the studies 

emphasising the specific impact of 4IR on education talk broadly about this, although none of 

the studies specifically focused on the impact of 4IR on engineering education. The only 

work that touches on this [16] merely performed a literature review rather than basing the 

study outcomes on relevant primary data. Hence, there is need to pragmatically study the 

impacts of 4IR on engineering education with South Africa as the case study. The 

expectation of this study is to arrive at well-informed recommendations that will be made and 

put forward to the stakeholders in engineering education in South Africa. 

2.1 Research question 

The main research question: In what ways has the 4IR impacted or will impact engineering 

education in South Africa?  

To answer the main question, answers to the following sub-questions are paramount.  

2.1.1 Teaching and learning 

• Should online teaching/laboratory be adopted in lieu of traditional face-to face teaching 

and demonstration of the engineering curriculum online, or could both be mixed? 

• Should the traditional mode of “seat in exam” assessment be modified to online 

assessment or automated assessment? 
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• In what ways can the technology (4IR) be incorporated into teaching of the engineering 

curriculum without widening gaps of digital divide and socio-economic issues in the 

South African community? 

2.1.2 Engineering curriculum  

• To equip engineering students with new skills associated with 4IR, should the 

engineering curriculum be overhauled by incorporating Engineering Discipline-based 

application of machine learning, AI, data science course, and cyber security as 

applicable to each engineering discipline? 

2.1.3 Infrastructure for teaching and learning 

• Should infrastructure that supports emerging 4IR technologies be put in place for use in 

engineering education in the form of distance and virtual learning?  

These questions are expected to be answered through the research approaches (described 

in the subsequent section) employed in this project. 

3. METHODOLOGY 

3.1 Qualitative method 

To have general understanding of issues surrounding the 4IR, its impact on all facets of lives 

and in particular on education, some literature reviews were performed as documented in 

section 2. The findings from the existing literature suggest that not much work has been 

carried out on the impact of 4IR on engineering education in particular, and especially in 

South Africa. These findings drive the efforts of this project to employ open-ended survey 

questions to gather the view of the targeted groups as described in section 3.1.1.  

3.1.1 Qualitative method: open-ended questionnaires  

The open-ended questionnaire surveys were designed to extract the group of stakeholders’ 

general view on the impacts or the foreseeable impacts of the 4IR on engineering education 

in South Africa. The engineering students’ perspectives were sought through the open-ended 

questions that focused on 4IR-related tools/technologies applicable to teaching and learning 

in the present time as well as those that will be applicable in future, the impacts of 4IR on 
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teaching and learning in engineering generally, and the impact of 4IR on assessments in 

engineering education. For the lecturers, the open-ended questions ranged from some new 

tools or/and platforms they have learnt to use for their teachings to the general impacts of 

4IR on the engineering education curriculum, teaching and learning in engineering and 

assessments in engineering education. For the engineering professionals, the open-ended 

questions were designed to obtain their general opinion on the impact of the 4IR on 

engineering work activities in industries, the skills that should be incorporated in the 

engineering education curriculum so that new graduates will cope with the dynamics brought 

by the 4IR in the work-places, the main impacts of the 4IR on the engineering curriculum, 

and lastly, the main impacts of the 4IR on teaching and learning in engineering education. 

The category of stakeholders at various universities that responded to the closed-ended 

questionnaires in section 3.2.1 also responded to these open-ended questionnaires.  

3.2 Quantitative method 

Based on the findings in the literature, various perspective put forward in the forms of general 

impacts of 4IR were contextualised to develop a relevant questionnaire for the online survey-

based quantitative research method (closed-ended survey questions). This was necessary to 

gain insights into the perspectives of the direct stakeholders in engineering education who 

would normally feel the impact of the 4IR: engineering academics, engineering students and 

engineering professionals. The selected universities included the South African universities 

that offer BSc Engineering degrees such as University of Cape Town (UCT), University of the 

Witwatersrand (WITS), University of Pretoria (UP), Stellenbosch University (SU), University 

of KwaZulu-Natal (UKZN), North West University (NWU), Nelson Mandela University (NMU), 

and University of Johannesburg (UJ). Engineering professionals in engineering-based 

industries/companies were also approached. This second research approach, the 

quantitative method (closed-ended survey questions) is described in section 3.2.1. 

3.2.1 Quantitative method: closed-ended questionnaires  

The closed-ended survey questions were designed to obtain the stakeholders’ perceptions 

on the impacts or foreseen impacts of 4IR on the engineering education curriculum, 

engineering education pedagogy (teaching), corresponding assessment methods and 

expected skills for new engineering graduates entering industries as trainee engineers, etc. 
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in South Africa. The questionnaires were made available between November 2020 and mid-

January 2021. About 473 professionals, from public and private sectors, took part in the 

questionnaire sent to the engineering professionals. Some were from parastatals, while 

about 50 participants did not specify their establishments. However, for the survey questions 

sent out to the undergraduate engineering students, 280 students completed the survey from 

UP, UKZN, NWU, WITS and UJ. Out of the 280 student participants, 26 students did not 

specify their universities. It should be noted that that largest number of student participants 

came from UP. In terms of engineering lecturer participants, only 44 lecturers participated in 

the survey from WITS, UCT, UKZN, NWU, NMU and UJ. 

 

4. RESULTS OF THE QUESTIONNAIRES 

The responses to both the closed- and open–ended questionnaires are presented and 

discussed below. 

4.1 Results of the closed-ended questionnaires 

The respondents’ percentages to the various closed-ended questions survey are presented 

in Table 4.1, Table 4.2, and Table 4.3 for engineering students, engineering lecturers and 

engineering professionals respectively. The last column in each table is the well-known 

Relative Agreement Index (RAI). The RAI determines the relative agreement of all 

respondents to the questionnaires. 

The Relative Agreement Index (RAI) is computed, in the form of percentage measures, as: 

𝑅𝐴𝐼

= ∑ 𝐸𝑖

𝑛

𝑖=1

𝑃𝑖  ,                                                                                                                                                 (4.1) 

where: 

𝑖= response scale index 

𝑛=total number of response scale (description), in this case, 𝑛 = 5 
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𝐸𝑖=response stem integer 

𝑃𝑖=percentage of respondents selecting 𝑖𝑡ℎ perception 

Explicitly, the RAI can be written as 

𝑅𝐴𝐼 = 𝐸5𝑃5 + 𝐸4𝑃4 + 𝐸3𝑃3 + 𝐸2𝑃2 + 𝐸1𝑃1.                                                                                               (4.2) 

By assigning response stem integer 𝐸𝑖 and percentage of respondents to response point 

description as: 

Strongly Agree Percentage,  𝑃5:  𝐸5 = 5 

Agree Percentage, 𝑃4:  𝐸4 = 4 

Neither agree or Disagree Percentage, 𝑃3:  𝐸3 = 3 

Disagree Percentage, 𝑃2:  𝐸2 = 2 

Strongly Disagree Percentage, 𝑃1:  𝐸1 = 1 

Then, RAI assumes the following form: 

𝑅𝐴𝐼 =
5𝑃5 + 4𝑃4 + 3𝑃3 + 2𝑃2 + 𝑃1

100
.                                                                                                           (4.3) 

A value of RAI greater than 3.0 is assumed, in this study, to indicate positive perception of all 

the respondents to a particular question in the questionnaires while a value of RAI lower than 

3.0 is assumed to fall in the range of negative perception. 

4.1.1 Closed-ended questionnaires for the engineering students 

The engineering students’ percentages for the various closed-ended questions survey are 

presented in Table 4.1. The first two questions aimed at getting the students’ perception on 

the impact of incorporation of the virtual reality platform, assumed to be one of the 4IR 

technologies’ applications, into learning technique. The students’ responses to the 

questionnaire statement “Presentation of engineering courses in a virtual reality platform will 

enhance student’s attentiveness” are shown in Figure 4.1. The results in the figure and the 

corresponding RAI in Table 4.1, with a value greater than 3.0, show that, though by not 

much, a relatively higher percentage of the students are of the positive perception that 
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employing a virtual reality platform for lecture delivery will enhance student’s attentiveness. 

The students’ responses to the questionnaire statement “Virtual Realities technology can 

improve both learning process and outcomes for online Engineering education for students in 

remote places” are shown in Figure 4.2. Similarly to results in Figure 4.1, the students’ 

responses with corresponding RAI value, as shown in Table 4.1, suggest that a higher 

percentage of them are of the opinion that employing the 4IR-related application platforms 

will go a long way to enhancing students’ learning experiences in remote locations. The other 

two questions related to virtual platform usage are questions 7 and 9 with students’ 

responses displayed in Figure 4.3 and Figure 4.4 respectively. 

Table 4.1: Engineering students’ responses to the closed-ended questionnaires 

Questions 

Strongly 

Agree % 

Agree 

% 

Neither 

agree or 

disagree 

% 

Disagree 

% 

Strongly 

disagree 

% 

Relative 

Agreement 

Index 

Presentation of 

engineering courses in 

a virtual reality 

platform will enhance 

student’s 

attentiveness. (281) 

16.73% 36.30%  16.73% 18.86% 11.39% 3.2815 

Virtual realities 

technology can 

improve both learning 

process and outcomes 

for online engineering 

education for students 

in remote places. 

(280) 

23.21% 43.21% 15.36% 7.14% 11.07% 3.6032 

There is need to 

incorporate into 

engineering 

curriculum, various 

engineering discipline-

based applications of 

4IR technologies such 

as machine learning, 

AI, data science, cyber 

security, etc. (280) 

48.93% 38.93% 4.29% 4.64% 3.21% 4.2573 

For the online 

teaching/learning, I 

19.57% 32.03% 26.69% 15.66% 6.05% 3.4341 
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Questions 

Strongly 

Agree % 

Agree 

% 

Neither 

agree or 

disagree 

% 

Disagree 

% 

Strongly 

disagree 

% 

Relative 

Agreement 

Index 

used some automated 

tools that allowed me 

to achieve more than I 

did in the past. (281) 

The use of Virtual 

Laboratory (a 

computer program that 

allows students to 

practise with the tool 

and equipment before 

trying with the real 

things) should be 

encouraged in 

engineering education. 

(281) 

40.93% 41.28% 8.19% 4.27% 5.34% 4.0822 

Open-book mode of 

assessments should 

be adopted for 

engineering students. 

(281) 

33.81% 26.69% 22.42% 9.25% 7.83% 3.6940 

Virtual Laboratory will 

equip students with 

skills around emerging 

technologies, as well 

as being familiar with 

their creation and 

implementation. (280) 

25.36% 47.50% 13.93% 7.14% 6.07% 3.7894 

Covid-19’s effect of 

driving the education 

system in general, and 

engineering education 

to online mode of 

teaching using some 

of the 4IR related 

technologies allowed 

engineering students 

to revisit online 

engineering course 

material, ask 

questions and get 

24.20% 45.20% 13.52% 9.96% 7.12% 3.6940 
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Questions 

Strongly 

Agree % 

Agree 

% 

Neither 

agree or 

disagree 

% 

Disagree 

% 

Strongly 

disagree 

% 

Relative 

Agreement 

Index 

personal support, in 

and out-of-normal 

teaching hours. (281) 

Covid-19’s effect of 

driving the education 

system in general, and 

engineering education 

in particular to online 

mode using some of 

the 4IR related 

technologies was 

especially helpful to 

students who are 

second-language 

English speakers or 

who have a disability. 

(279) 

14.34% 29.03% 41.94% 8.24% 6.45% 3.3657 

After the Covid-19 

pandemic, as student I 

would prefer that my 

lecturers adopt 

blended teaching and 

learning model 

(combination of face-

to-face and online 

models) as against 

face-to-face mode of 

teaching and learning 

that was used before 

the pandemic 

disrupted academic 

activities. (280) 

42.14% 31.79% 8.93% 9.29% 7.86% 3.9109 
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Figure 4.1: Students’ responses to “Presentation of engineering courses in a virtual reality 

platform will enhance student’s attentiveness.” 

 

Figure 4.2: Students’ responses to “Virtual Realities technology can improve both learning 

process and outcomes for online engineering education for students in remote places.” 
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Figure 4.3: Students’ responses to “The use of Virtual Laboratory (a computer program that 

allows students to practice with the tool and equipment before trying with the real things) 

should be encouraged in engineering education.” 
 

 

Figure 4.4: Students’ responses to “Virtual Laboratory will equip students with skills around 

emerging technologies, as well as being familiar with their creation and implementation.” 
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In both Figure 4.3 and Figure 4.4, with corresponding RAI values of 4.0822 and 3.7894 

respectively, the students’ responses fall in the positive perception range, indicating that the 

4IR related Virtual Laboratory should be incorporated into engineering education because of 

its potential to equip engineering students with skills related to emerging technology, 

including their creations and implementation. 

The next three questions aimed to obtain students’ perceptions of the need to incorporate 

some 4IR-related technologies into the engineering curriculum, to know if the students have 

used some automated tools in their learning activities and its corresponding impacts, and to 

understand if the incorporation of 4IR-related application into engineering education will 

warrant any change to the traditional mode of assessments that are predominantly closed-

book-based assessment methods. The students’ responses to these three questions are 

displayed in Figure 4.5, Figure 4.6 and Figure 4.7 respectively. 

 

Figure 4.5: Students’ responses to “There is need to incorporate into engineering curriculum, 

various engineering discipline-based applications of 4IR technologies such as machine 

learning, AI, data science, cyber security, etc.” 
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Figure 4.6: Students’ responses to “For the online teaching/learning I used some automated 

tools that allowed me to achieve more than I did in the past.” 

 

 

Figure 4.7: Students’ responses to “Open-book mode of assessments should be adopted for 

engineering students.” 
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From Figure 4.5 and Figure 4.7, with corresponding RAI values of 4.2573 and 3.6940 

respectively, the majority of the students inclined towards incorporating 4IR technologies into 

engineering education curriculum, and a relatively high number of the students would prefer 

that the mode of assessment to change to open-book based assessment. Figure 4.6 with a 

corresponding RAI value of 3.4341, shows that, though high, not a significantly higher 

number of students used 4IR related automated tools in their learning activities.  

The rest of the closed-ended questions were designed to understand the impacts of the 

Covid-19 pandemic on engineering education in making students use 4IR-related 

technologies applications and if, with their experiences of the online teaching method, they 

would prefer a blended mode of teaching and learning (which would require introduction of 

4IR related technologies) going forward as against only a face-to-face mode of teaching and 

learning that was prevalent before the outbreak of the pandemic. The corresponding RAI 

values, as displayed in Table 4.1, to all these questions range from 3.3657 to 3.9109, which 

are indications of positive perceptions from all the engineering students (the respondents). 

4.1.2 Closed-ended questionnaires for the engineering lecturers 

The engineering lecturers’ percentages to the various closed-ended questions survey are 

presented in Table 4.2. The first sets of questions that were directed to the engineering 

lecturers aimed at obtaining their perceptions of the use of 4IR related tools/applications and 

their impact on their mode of teaching, as well as their experiences with the  face-to-face 

mode of teaching compared to the online mode of teaching which would require more 

application of 4IR technologies. The lecturers’ responses are displayed in Figure 4.8, Figure 

4.9, Figure 4.10, and Figure 4.11. 

From these figures, with corresponding RAI values from Table 4.2 estimated as 3.2500, 

3.1595, 4.000, and 3.3638 respectively, only a slightly higher number of engineering 

lecturers agreed that the use of automated tools and other 4IR-based technologies would 

enhance efficiency of teaching activities in engineering education, allow flexibility for 

determination of individual lecturer’s teaching pace and location of teaching and learning, 

and make each lecturer more conscious of the importance of balancing time allocation 

between logistics and subject contents while using online lecture delivery technologies 

compared to the face-to-face teaching mode. However, the majority of the lecturers were of 

the opinion that online teaching and learning presents limitations to accurately evaluating 
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students’ emotions when compared to face-to-face interactions in class. Invariably, even with 

the application of 4IR-related technologies in engineering education that could move most of 

the teaching and learning activities to mainly online, there would still be the need to employ a 

blended mode of learning and teaching rather than solely online based learning and 

teaching. 

Table 4.2: Engineering lecturers’ responses to the closed-ended questionnaire  

Questions 

Strongly 

Agree % 

Agree 

% 

Neither 

agree or 

disagree 

% 

Disagree 

% 

Strongly 

disagree 

% 

Relative 

Agreement 

Index 

The use of automated 

tools in engineering 

education teaching 

activities allows 

engineering lecturers 

to achieve more than 

they did in the past. 

(44)  

15.91% 36.36% 13.64% 25.00% 9.09% 3.2500 

Based on the use of 

4IR related 

technologies (tools), I 

can determine my own 

pace and location of 

teaching and learning. 

(44) 

13.64% 29.55% 22.73% 27.27% 6.82% 3.1595 

Online teaching and 

learning presents 

limitations to 

accurately evaluating 

students’ emotions 

compared to face-to-

face interactions in 

class. (44) 

34.09% 43.18% 13.64% 6.82% 2.27% 4.000 

I am more conscious 

of the importance of 

balancing time 

allocation between 

logistics and subject 

content during online 

lecture delivery than 

face-to-face 

9.09% 40.91% 31.82% 13.64% 4.55% 3.3638 
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Questions 

Strongly 

Agree % 

Agree 

% 

Neither 

agree or 

disagree 

% 

Disagree 

% 

Strongly 

disagree 

% 

Relative 

Agreement 

Index 

interactions. (44) 

Virtual reality 

technology has the 

potential to greatly 

enhance collaboration 

between teachers and 

students, both in 

distance learning and 

classroom-based 

teaching.  (44) 

11.36% 43.18% 15.91% 22.73% 6.82% 3.2953 

The use of Virtual 

Laboratory (a 

computer program that 

allows students to 

practise with the tool 

and equipment before 

trying with the real 

things) should be 

encouraged in 

engineering education.  

(44) 

18.18% 52.27% 13.64% 9.09% 6.82% 3.6590 

Virtual Laboratory will 

equip students with 

skills around emerging 

technologies, as well 

as being familiar with 

their creation and 

implementation. (44) 

18.18% 38.64% 22.73% 13.64% 6.82% 3.4775 

New mode of 

assessments or what it 

means to be 

successful in an 

academic environment 

must be formulated 

while deploying the 

use of 4IR related 

technologies for 

engineering education. 

(44) 

31.82% 50.00% 11.36% 4.55% 2.27% 4.0455 
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Questions 

Strongly 

Agree % 

Agree 

% 

Neither 

agree or 

disagree 

% 

Disagree 

% 

Strongly 

disagree 

% 

Relative 

Agreement 

Index 

Open-book mode of 

assessments should 

be adopted for 

engineering students. 

(44) 

29.55% 25.00% 20.45% 13.64% 11.36% 3.4774 

There is need to 

incorporate into 

engineering 

curriculum, various 

engineering discipline-

based applications of 

4IR technologies such 

as machine learning, 

AI, data science, cyber 

security, etc. (44) 

29.55% 38.64% 27.27% 4.55% 0.00% 3.9322 

International exchange 

programmes for 

engineering students 

and staff, international 

engineering research 

collaborations and 

partnerships which 

strengthen the 

internationalisation 

project (that allows 

taking local 

engineering 

knowledge to the 

international 

community) will be 

enhanced during the 

4IR era. (44) 

15.91% 47.73% 20.45% 13.64% 2.27% 3.6137 

Covid-19’s effect of 

driving the education 

system in general, and 

engineering education 

to the online mode of 

teaching using some 

of the 4IR related 

technologies helped 

13.64% 38.64% 25.00% 

 

 

15.91% 6.82% 3.3640 
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Questions 

Strongly 

Agree % 

Agree 

% 

Neither 

agree or 

disagree 

% 

Disagree 

% 

Strongly 

disagree 

% 

Relative 

Agreement 

Index 

me as an engineering 

lecturer to design good 

teaching and delivery 

experiences and 

reconsider methods of 

assessment. (44)  

 

 

Figure 4.8: Lecturers’ responses to “The use of automated tools in engineering education 

teaching activities allows engineering lecturers to achieve more than they did in the past.” 
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Figure 4.9: Lecturers’ responses to “Based on the use of 4IR related technologies (tools), I can 

determine my own pace and location of teaching and learning.” 

 

 

Figure 4.10: Lecturers’ responses to “Online teaching and learning presents limitations to 

accurately evaluate students’ emotions compared to face-to-face interactions in class.” 
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Figure 4.11: Lecturers’ responses to “I am more conscious of the importance of balancing time 

allocation between logistics and subject content during online lecture delivery than face-to-

face interactions.” 

 

The next lines of questions for the lecturers aimed to get their perceptions of the impact of 

deploying 4IR-related virtual technologies in engineering education. The responses are 

shown in Figure 4.12, Figure 4.13 and Figure 4.14, with corresponding RAI values from 

Table 4.2 computed as 3.2953, 3.6590 and 3.4775 respectively. 

The responses in the figures and the RAI values suggest that a slightly higher number of 

participating engineering lecturers agreed that deploying a virtual reality platform into 

engineering education would enhance collaboration between teachers and students and that 

for either teaching mode (online or face-to-face), Virtual Laboratory should be encouraged 

because it would allow students to practise with the tools and equipment before trying with 

the real life instruments, and Virtual Laboratory would equip students with skills around 

emerging technologies, as well as familiarise them with their creations and implementations.  
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Figure 4.12: Lecturers’ responses to “Virtual reality technology has the potential to greatly 

enhance collaboration between teachers and students, both in distance learning and 

classroom-based teaching.” 

 

Figure 4.13: Lecturers’ responses to “The use of Virtual Laboratory (a computer program that 

allows students to practise with the tool and equipment before trying with the real things) 

should be encouraged in engineering education.” 
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Figure 4.14: Lecturers’ responses to “Virtual Laboratory will equip students with skills around 

emerging technologies, as well as being familiar with their creation and implementation.” 

 

The other set of questions for engineering lecturers focused on the mode of assessments for 

engineering education, the required amendments to the engineering education curriculum 

that would be necessary in the 4IR era and the form of collaborations essential for 

knowledge exchange engineering education during the 4IR era.  

The various responses are displayed in Figure 4.15, Figure 4.16, Figure 4.17, and Figure 

4.18, and the competed RAI values from Table 4.2 are given as 4.0455, 3.4774, 3.9322, and 

3.6137 respectively. It is obvious that the high percentage of the engineering lecturers agree 

that new modes of assessments must be formulated while deploying the use of 4IR related 

technologies for engineering education. One example of these is that the traditional closed 

book mode of assessment should be replaced with an open-book mode of assessment. 

Most lecturers were also of opinion that the engineering education curriculum must be 

changed to fit into the 4IR era by incorporating various engineering discipline-based 

applications of 4IR technologies such as machine learning, AI, data science, cyber security, 

etc. In addition, most lecturers accept that international exchange programmes for 

engineering students and staff, and international engineering research collaborations and 

partnerships that strengthen the internationalisation project (that allows taking local 
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engineering knowledge to the international community) will be equally enhanced during the 

4IR era. The last question pitched to the engineering lecturers focused on whether some 4IR 

related technologies were employed during the Covid-19 pandemic and to understand, if 

deployed, how such assisted in enhancing teaching and learning delivery.  

 

Figure 4.15: Lecturers’ responses to “New mode of assessments or what it means to be 

successful in an academic environment must be formulated while deploying the use of 4IR 

related technologies for engineering education.” 
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Figure 4.16: Lecturers’ responses to “Open-book mode of assessments should be adopted for 

engineering students.” 

 

 

Figure 4.17: Lecturers’ responses to “There is need to incorporate into engineering curriculum, 

various engineering discipline-based applications of 4IR technologies such as machine 

learning, AI, data science, cyber security, etc.” 
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Figure 4.18: Lecturers’ responses to “International exchange programmes for engineering 

students and staff, international engineering research collaborations and partnerships that 

strengthen the internationalisation project (that allows taking local engineering knowledge to 

the international community) will be enhanced during the 4IR era.” 

 

The RAI value of 3.3640 that corresponds to the lecturers’ responses falls within the positive 

perception range and it suggests that a marginally higher percentage of the participating 

engineering lecturers indicated that they had used 4IR related technologies and that it had 

brought some enhancements to their teaching activities, with corresponding good delivery 

experiences. They also suggested that the use of these technologies influenced them to opt 

for new methods of assessments. 

4.1.3 Closed-ended questionnaires for the engineering professionals 

The engineering professionals’ percentages to the various closed-ended questions survey 

are presented in Table 4.3. The engineering professionals’ perceptions were sought on 

whether discipline-based applications of 4IR technologies should be introduced into the 

engineering education curriculum. The responses obtained are shown in Figure 4.19.  

Based on the responses received, with a corresponding RAI value of 4.1805 from Table 4.3, 

the overwhelming majority of the professionals were of the opinion that incorporating 
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engineering discipline-based applications of 4IR technologies such as machine learning, AI, 

data science, cyber security, etc. into the engineering curriculum is crucial and essential in 

preparing engineering graduates for the required skills in the 4IR-driven industrial era. 

Opinions of the engineering professionals were also sought on whether 4IR has the 

capability of enhancing international exchange programmes for engineering students and 

engineering lecturers; the responses of 470 professionals are shown in Figure 4.20.  

A number of the professionals, as can be seen in the figure with a corresponding RAI value 

of 3.9982, agreed that the 4IR applications have the capacity to enhance international 

exchange programmes for engineering students and engineering lecturers as well as 

international engineering research collaborations and partnerships through which the 

internationalisation project that allows taking local engineering knowledge to the international 

community could be strengthened.  

Table 4.3: Engineering professionals’ responses to the closed-ended questionnaire 

Questions 

Strongly 

Agree % 

Agree 

% 

Neither 

agree or 

disagree 

% 

Disagree 

% 

Strongly 

disagree 

% 

Relative 

Agreement 

Index 

Incorporation of 

engineering discipline-

based applications of 

4IR technologies such 

as machine learning, AI, 

data science, cyber 

security, etc. into 

engineering curriculum 

is essential to prepare 

the engineering 

graduate for the 

required skills in the 

4IR-driven industrial 

era. (471) 

42.46% 41.83% 9.13% 4.46% 2.12% 4.1805 

International exchange 

programmes for 

engineering students 

and staff, international 

engineering research 

collaborations and 

partnerships that 

27.45% 51.49% 15.96% 3.62% 1.49% 3.9982 
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Questions 

Strongly 

Agree % 

Agree 

% 

Neither 

agree or 

disagree 

% 

Disagree 

% 

Strongly 

disagree 

% 

Relative 

Agreement 

Index 

strengthen the 

internationalisation 

project (that allows 

taking local engineering 

knowledge to the 

international 

community) will be/is 

enhanced during the 

4IR era. (470) 

Application of virtual 

reality that has been 

deployed in industries 

will enhance 

engineering education 

in the 4IR era if 

employed in teaching 

and learning of 

engineering modules. 

(470) 

25.96% 51.91% 14.04% 6.17% 1.91% 3.9381 

4IR would make 

deliverables faster with 

more accuracy in 

industries. (470) 

22.13% 47.02% 19.57% 8.51% 2.77% 3.7723 

Reliance on 4IR 

technologies in 

engineering will limit the 

critical thinking of young 

engineers. (469) 

17.91% 24.31% 17.27% 28.78% 11.73% 3.0789 

Engineers that have 

registered years ago 

and are still practising 

need to upskill and be 

acquainted with 4IR 

technologies to be 

relevant to the new 

works in the 4IR-driven 

industrial era. (470) 

17.45% 50.21% 18.72% 10.00% 3.62% 3.6787 

4IR will help South 

Africa address the 

5.94% 9.34% 28.24% 37.15% 19.32% 2.4540 
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Questions 

Strongly 

Agree % 

Agree 

% 

Neither 

agree or 

disagree 

% 

Disagree 

% 

Strongly 

disagree 

% 

Relative 

Agreement 

Index 

problems of high level of 

unemployment and 

reduce social divide in 

the community. (471) 

 

The engineering professionals were also asked if they hoped that 4IR-related virtual reality 

could enhance engineering education if employed in teaching and learning; the 

corresponding responses are displayed in Figure 4.21 and the associated RAI value is 

computed as 3.9381. A higher number of the engineering professionals out of the 470 

professionals that responded believed that if applied in teaching and learning of engineering 

modules, the 4IR-related virtual reality mechanisms that have been deployed in industries 

would bring about enhancement to engineering education. 

 

Figure 4.19: Professionals’ responses to “Incorporation of engineering discipline-based 

applications of 4IR technologies such as machine learning, AI, data science, cyber security, 

etc. into engineering curriculum is essential to prepare the engineering graduate for the 

required skills in the 4IR-driven industrial era.” 
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Figure 4.20: Professionals’ responses to “International exchange programmes for engineering 

students and staff, international engineering research collaborations and partnerships that 

strengthen the internationalisation project (that allows taking local engineering knowledge to 

the international community) will be/is enhanced during the 4IR era.” 

 

 

Figure 4.21: Professionals’ responses to “Application of virtual reality that have been deployed 

in industries will enhance engineering education in the 4IR era if employed in teaching and 

learning of engineering modules.” 
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The next three lines of questions posed to the professionals focused on the impacts of 4IR 

technology on deliverable, critical thinking of young engineers and if their corresponding 

skills need to be upgraded. The various responses to these questions are given in Figure 

4.22, Figure 4.23 and Figure 4.24. From Table 4.3, the responses have corresponding RAI 

values of 3.7723, 3.0789 and 3.6787 respectively. Though all the responses fall in the region 

of positive perception, not a very high number of respondents, barely above the region of 

positive perception, agreed that reliance on 4IR-related technologies in engineering 

education would limit the critical thinking of young engineers. On the other hand, a relatively 

higher number of respondents agreed that when 4IR-related technologies are deployed, 

these would make deliverables faster with more accuracy in industries. In the same vein, 

quite a number also agreed that for engineers to be relevant during the 4IR-driven industrial 

era, those who registered many years ago and are still practising will need to up-skill and be 

acquainted with 4IR technologies. The last survey questions posed to the engineering 

professionals aimed to obtain their perceptions of the impacts of 4IR on the high level of 

unemployment as well as the social divide among the South Africa populace.  

 

Figure 4.22: Professionals’ responses to “4IR would make deliverables faster with more 

accuracy in industries.” 
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Figure 4.23: Professionals’ responses to “Reliance on 4IR technologies in engineering will limit 

the critical thinking of young engineers.” 

 

 

Figure 4.24: Professionals’ responses to “Engineers that have registered years ago and are 

still practising need to up-skill and be acquainted with 4IR technologies to be relevant to the 

new world in the 4IR-driven industrial era.” 
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The responses obtained are shown in Figure 4.25 with a corresponding RAI value of 2.4540, 

which falls in the negative perception region. Hence, majority of the respondents disagreed 

that 4IR would help South Africa to address the problems of high unemployment levels and 

reduce the social divide in the community. Invariably, they opined that the 4IR technologies 

would have no direct impact in reducing the unemployment rate nor could the technologies 

reduce the gaps of social divide in the community. 

 

Figure 4.25: Professionals’ responses to “4IR will help South Africa to address the problems of 

high level of unemployment and reduce the social divide in the community.” 

 

4.2 Results of the open-ended questionnaires 

To obtain unconfined opinions of the group of stakeholders in engineering education that the 

study considered – students, lecturers and engineering professionals – a few open-ended 

questions were designed. These questions aimed to get these stakeholders’ views on the 

impact of 4IR on teaching and learning, assessment and the engineering education 

curriculum. 

Some other questions focused on the types of 4IR-related technologies/tools/platforms that 

have been used. To the engineering professionals, some of the questions focused on the 

influence of 4IR as touching engineering work activities in industries, and the types of skills 

they suggest should be incorporated in the engineering education curriculum so that the new 
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graduates would not be irrelevant in the 4IR-driven industries. The overall responses of all 

the respondents (students, lecturers and engineering professionals) are illustrated in Figure 

4.25 to Figure 4.36.  

 

Figure 4.26: Students’ responses to “As a student, how do you wish to use 

automated/intelligent systems in the future?” 

 

 

Figure 4.27: Students’ responses to “Name some of the new (4IR) tools you have learnt to use 

for the online teaching/learning.” 
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Figure 4.28: Students’ responses to “According to you, kindly state the main impacts of 4IR on 

teaching and learning in engineering education (mode of teaching deliveries).” 

 

 

Figure 4.29: Students’ responses to “According to you, kindly state the main impacts of 4IR on 

assessments in engineering education.” 
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Figure 4.30: Lecturers’ responses to “Name some of the new tools or/and platforms you have 

learnt to teach your class.” 

 

 

Figure 4.31: Lecturers’ responses to “In your opinion, kindly state the main impacts of 4IR on 

engineering education curriculum.” 
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Figure 4.32: Lecturers’ responses to “In your opinion, kindly state the main impacts of 4IR on 

Teaching and Learning in Engineering.” 

 

 

Figure 4.33: Lecturers’ responses to “In your opinion, kindly state the main impacts of 4IR on 

Assessments in Engineering Education.” 
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Figure 4.34: Engineering professionals’ responses to “In what way(s) has 4IR impacted the 

scheme of things in terms of engineering work activities (the changes brought upon the old 

ways of doing things) in the engineering company or organisation that you are working.” 

 

 

Figure 4.35:  Engineering professionals’ responses to “With the advent of 4IR technologies 

(such as factory automation, 3D printing, etc) the designs will be handled mostly by the new 

technology. In your own opinion which skills would you suggest should be incorporated into 

the engineering education curriculum so that the new graduates will not be irrelevant to jobs in 

the new emerging 4IR-driven industries?” 
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Figure 4.36: Engineering professionals’ responses to “In your own opinion, kindly state what 

will be the main impacts of 4IR on the engineering curriculum (amendments to the course 

contents such as the inclusion of digital literacy, etc.).” 

 

 

Figure 4.37: Engineering professionals’ responses to “In your own opinion, kindly state what 

will be the main impacts of 4IR on teaching and learning in engineering education (such as 

online only teaching and virtual laboratories, mix of both online and face-to-face teaching, 

etc).” 
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It should be noted that one of the 4IR technologies that stands out is AI and it can be 

programmed to provide automation for low-value tasks in the 4IR-driven industries, thereby 

freeing up engineers to perform higher-value tasks. In an education environment, an AI-

based agent could be used to learn students’ behaviour and suggest appropriate courses for 

them. In addition, an AI-based agent could be employed to track attendance, monitor 

classroom activities and the behaviour of both lecturers and students. This technology could 

also be used to scan the contents available online and recommend appropriate content for 

students in line with the course and in line with the different level of understandings of the 

student group. More than this, information obtained from an AI-based agent could be used to 

decide on a suitable teaching methodology and for framing of course contents. In terms of 

assessment, the technology could be used to analyse students’ results and provide insightful 

information about their performance.  

Some other aspects of 4IR that focus profoundly on related technology include 

interconnectivity, automation, machine learning and real-time data. In other instances, 4IR 

also covers the IoT, in which things (devices) or people around the world are connected to or 

through the Internet by which collection and sharing of data are made easy. 

Extracts of some of the responses are presented in Table A, Table B and Table C in the 

Appendix. The engineering lecturers and students were asked to provide various 4IR-related 

tools/technologies they had used for their teaching and learning in engineering education. 

Most the tools specified by the engineering lecturers were not 4IR related tools, except for 

universities-based Learning Management System (LMS) platforms that allow for seamless 

connectivity with students remotely. Some of the tools the lecturers indicated they had used 

include “Autodesk”, “Civil3D”, “Opencast Studios”, “Vittle”, “Inkflow”, “Imovie”, and 

“Handbrake”. 

It could therefore be inferred that most of the universities are yet to have 4IR related 

infrastructure for both teaching and learning. Ironically, some of the responses from the 

engineering students suggested that they had used some 4IR related tools/technologies, 

including “AI meeting scribes”, “Robot Process Automation”, “3D printing”, “Wireless 

technologies and robotics to automate a robot”, “Virtual Laboratory” and “AI on the OpenAI 

platform”. However, if the responses from the engineering lecturers suggest that none of the 

above have been used, it is unclear under what learning conditions the students used them. 
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What is obvious is that some students are aware of some of the 4IR related 

tools/technologies that are applicable to teaching and learning in engineering education 

during the 4IR era. 

IMPACTS OF 4IR ON ENGINEERING ACTIVITES 

Engineering professionals: The responses to how 4IR technologies have impacted 

engineering work activities range from not much impact to significant impact on the activities 

in 4IR-driven industry. Some of the responses include: 

“International real time project design collaboration. I work overseas because SA have very 

little AI, ML capabilities in the field of civil engineering.”  

“Massive impact. Road surveying measurements have now been automated – allowing for 

more speed, accuracy and safety, as compared to obtaining these measurements manually.”  

“Remote support using augmented reality tools is now becoming the norm. Inspections are 

done by machines (eg drones) instead of humans.”  

“The analysis of data has improved significantly. Although AI/ML has clear application 

understanding the limitation of the technology is clearly lacking.”  

“Faster responses, implementation of digital strategies, digital transformation, increases 

efficiency, manufacturing automation, introduction of robotics & e- commerce platforms.”  

“The introduction of 4IR has changed the way of working. The time taken during site 

inspection has reduced dramatically due to the introduction of 4IR. The time to produce 

status Quo layout has reduced significantly as well.”  

“4IR has facilitated the automation and therefore standardisation of routine tasks, thereby 

giving engineers more time/scope to seek innovative solutions and optimise designs. We 

however have a long way to go wrt automating the design processes and herein lies the 

opportunity.” 

From these responses and others as tabulated in Table 4.3, it is evident that most of the 

engineering professionals are acquainted with what 4IR stands for and appreciate the 

corresponding impacts the technologies are having on engineering activities.  
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IMPACTS OF 4IR ON ENGINEERING EDUCATION CURRICULUM 

In terms of the impact of 4IR on/and what could be incorporated into engineering education 

curriculum, the following are some pertinent responses. 

Engineering lecturers:  

“The old curriculum is too slow and redundant.”  

“Curriculum will be technology oriented (sensors/softwares) and hence teachers have to 

upgrade themselves at a faster pace.”  

“Change to the curriculum is inevitable but the basics must still be understood. Unfortunately, 

with the number of students it is cost-prohibitive to allow students to become familiar with 

technology in a learning environment.”  

Engineering professionals:  

“Basics on how the 4IR is (i) designed (ii) programmed/computed will need to be 

incorporated.” 

“Artificial Intelligence, Computer and Machine Programming.”  

“Integration and application of 4IR technology but also include innovative/creative/critical 

thinking modules/courses.”  

“Advanced programming concepts. Modular design projects using these tools, like 3D 

printing etc. Projects/practicals to develop some of these tools. Game design using engines, 

sensor and wireless technology fundamentals on all disciplines.”  

“Data science, Modelling techniques, Forecasting, Data validation, Programming.”  

“artificial intelligence (AI), robotics, the Internet of Things (IoT), 3D printing, genetic 

engineering.”  

“The Undergraduate Curriculum should be extended from four to five years and 

accommodate subjects/modules related to 4IR technologies, otherwise the basics are not 

going to be taught well enough in favour of 4RI technologies!”  
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“Curricula should include modern design science including the use of systems thinking and 

the axiomatic design approach. Not enough research is available on the properties of 3d 

printed materials for use in the teaching of design and manufacture for 3d printing. It will be 

necessary to move to a 5-year MEng curriculum in order to make space for new 

knowledge and techniques in engineering curricula. 

No amount of technology can however replace a strong core of engineering and science 

fundamentals.”  

“High Digital literacy is a must. A grasp of basic coding, and a knowledge of current suite of 

coding languages.”  

“All engineering disciplines will now have to incorporate some sort of electronic engineering, 

computer engineering and software curriculum courses in it.” 

From most of the responses, it is obvious that most engineering lecturers and professionals 

agreed a need to incorporate some 4IR-related course/modules into the existing engineering 

education curriculum to align with the dynamics that come with the evolution of 4IR. 

 

IMPACTS OF 4IR ON TEACHING AND LEARNING IN ENGINEERING EDUCATION  

Some of the responses obtained with respect to the impact of 4IR on teaching and learning 

in engineering education include the following.  

Engineering students:  

“We are now able to teach and interact in virtual classrooms. Visibility and hearing is the 

same for everyone, as opposed to struggling to hear and see from the back of a lecture 

theatre.” 

“Virtual machinery and remote labs are now in demand as they can be used by many 

students even after working hours and give students a lot of time to practice them thoroughly. 

the ability to host online classes on real time and still be able to exchange files, messages 

and even record the sessions will definitely have a great effect in engineering education.”  
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“It will definitely help to visualize and understand the material presented better. It will also 

make the material easier to understand and concepts that cannot be explained can be shown 

using the technology.”  

“The 4IR would only improve the learning experience for the students, I don't really see any 

downsides besides the cost implications. It would also make learning more enjoyable which 

would help with retaining information that was taught.”  

“I think the 4IR primarily is generating more tools through which educators can engage with 

their students. This is highly beneficial to both parties as when an educator is able explain a 

topic in a more engaging manner the student is more likely to be attentive.”  

“The state of teaching and learning has remained the same for many decades. The structure 

of classes and the way information is taught has not changed very much. The introduction of 

the fourth industrial revolution can be the turning point for this by introducing brand new ways 

to teach and convey information in the learning environment; upgrading the structure of 

education.” 

Engineering lecturers:  

“1) Lecture materials had to be prepared and curated in particular manner for delivery 2) 

There is need for good internet connectivity 3) Online assessments have to be prepared in 

specific ways dictated by the software in use. 4) Online marking is basically automated.”  

“A complete reset of how we teach engineering. Teach learners how to access the tools and 

info. Assess them with open book, open internet and make them solve real life problems with 

time constraints. Just like they will do it when they are in the workplace.”  

“Both teacher and the taught will have enhanced skill set and knowledge.”  

“Shifts the focus of traditional curriculum.” 

Engineering Professionals:  

“F2F teaching may become obsolete and this is an advantage as everybody may be exposed 

to world class level of education including technical.”  
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“I believe the teaching environment will become more decentralised, the challenge will be to 

ensure integration.”  

“4IR will allow better and more effective in-house training due to new on-line and virtual 

teaching.”  

“The need for big facilities will become less and the need for interactive virtual classrooms 

will increase.”  

“Virtual learning is the future. Virtuality provides the learners unlimited access to laboratories, 

teaching material and experience from across the world. The ability to interact with the latest 

developments in the various engineering disciplines is limitless.”  

“Educators need to be upskilled rapidly. Cross collaboration between engineering disciplines 

and between institutions is an imperative to enable the students the right platform to develop 

from.”  

“Teaching Scale that emerging 4IR technologies provide. Change in assessment methods. 

Change in what is being assessed.”  

“4IR will enable a mix of face to face and online teaching, but virtual laboratories will be a 

very important tool as well, allowing examples of eg structural behaviour for various modes of 

failure to be demonstrated visually. The preparation of course material will become a field in 

itself.” 

The general perceptions about the impact of 4IR on teaching and learning in engineering 

education range from moving from face-to-face teaching to a blended mode of teaching and 

learning, enhancement of students’ understanding of concepts using 4IR technologies to 

illustrate concepts that are difficult to explain, brand new ways of teaching and conveying 

information in the learning environment, enhanced skill set and knowledge for both the 

engineering lecturers and students, unlimited access to laboratories, teaching materials and 

experiences from across the world, and cross collaboration among engineering disciplines 

and/or among institutions just to mention a few. Hence, it is an understatement to say that 

4IR will have a significant impact on teaching and learning in engineering education. 
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IMPACTS OF 4IR ON ASSESSMENT IN ENGINEERING EDUCATION 

The last sets of open-ended questions focused on the impact of 4IR on the assessment 

procedure in engineering education. The following are the various responses obtained.  

Engineering students:  

“Improved delivery of learning materials and the ability to track student progress 

electronically.”  

“Re-evaluation of the test format. – Placing more focus on assignment-based assessment. 

Creative new ways should be identified to maintain a pressure-based testing scenario, where 

student have to react professionally. – Assessment will have to involve a critical thinking 

approach rather than a memory exercise.”  

“4IR methods can assist and enhance the engineering assessments in making them more 

lifelike, allowing the students to be in practical scenarios in virtual reality, for example. This 

will provide them with more practical experience rather than just theoretical experience. This 

will also test and challenge the student with more realistic engineering expectations rather 

than just memorizing and applying course work.”  

“4IR simplifies the assessment and speeds up the process of getting feedback in a faster and 

more intuitive way.”  

“Engineering education would develop to a much more automated environment with auto 

graded assessments and a virtual classroom/ learning platform.”  

“4IR technology can and should be used to create assessments that mimic our future 

workplaces, and thus better prepare us for the real world.”  

“Continues assessment would be more beneficial to students and would be enabled by the 

tools of the 4IR. This is due to the fact that tailored tests and assignments could be made per 

student to asses their individual growth and ability to reflect on what was learnt. The current 

educational system allows for little reflection and short investigations to solidify core 

concepts. These two aspects are essential for learning, especially in an online setup.” 

Engineering lecturers:  
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“Assessments must be re-engineered to reflect the new needs.”  

“Assessment is fast.”  

“Requires a greater ‘application of knowledge’ approach when setting assessments. 

Rethinking your assessments is key to success while still allowing learning to take place. 

Technology creates a collaborative environment where it is easy to access information.”  

“Application oriented assessments which test student problem solving ability and not just 

remembering.”  

“Assess them with open book, open internet and make them solve real life problems with 

time constraints (NB). Just like they will do it when they are in the workplace.”  

“New types of assessment open up. Lecturers can use the technologies to give quality 

feedback while spending less time on assessment.”  

“It will be quick and customised for individual students.”  

“Move towards open book evaluations. Closer to real world practice.” 

From all the responses, it is obvious that 4IR will bring about a complete change to the mode 

of assessment in engineering education, away from the traditional norms of assessment. 

Some of the expected changes will shift assessments to assignment-based assessments, 

open book rather than closed book assessments, application-oriented assessments, auto-

graded assessments, tailored assessments towards individual student’s growth and ability to 

reflect on what was learnt, and quick and customised assessment for individual students. 

The 4IR is also expected to aid tracking of students’ progress electronically and will speed up 

giving feedback in a more intuitive way to students. Generally, it is expected that the 4IR will 

open up new types of assessment mechanisms. 

5. GENERAL DISCUSSIONS OF THE FINDINGS 

From close looks at both the closed- and open-ended questionnaires’ results, it could be 

inferred without any iota of doubt that the 4IR will have a huge impact on engineering 

education in particular and all education systems in general, both in South Africa and 

beyond. 
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5.1 Engineering curriculum 

One of the areas 4IR impacts will be felt is the engineering education curriculum. In his 

paper, Penprase [8] suggested that with the 4IR there would be the need to overhaul the 

curriculum generally to allow for inclusion of a 4IR-related technologies course which in turn 

would allow students to acquire skills and master new technology in emerging areas such as 

genomics, data science, AI, robotics and nanomaterials.  

• Stanford University: Stanford University in the US was cited in [8], in which the life 

science curriculum has been re-shaped. The course that evolved from the curriculum 

changes was said to be a response to the emerging bio-economy that has significantly 

impacted the economy of the US positively. Other innovations in the education 

curriculum from Stanford University include proliferation of courses and degree 

programmes that emanated from traditional chemistry.  

• Harvard University: At Harvard University, emphasis is placed on 4IR collaborative 

skills in a restructured physics curriculum where students come together for design 

projects to build original musical instruments, cryptographic gadgets and other inventions 

in a collaborative form [20].  

These examples aligned with the responses obtained from the engineering lecturers, 

students and professionals from both the closed- and open-ended questionnaires focusing 

on the impact of 4IR on the engineering education curriculum. Hence, it is inevitable to have 

some discipline-specific, 4IR-related technologies incorporated into the engineering 

education curriculum without expunging the basic and existing engineering courses from the 

new curriculum. As suggested by some of the respondents, incorporation of the new 4IR-

related courses, so as not to overload the students, might warrant general stakeholder 

rethinking about the specified standard number of years required to complete engineering 

degrees. That is, the programme may need to be changed from 4 years to 5 years. As 

opined in [8], in overhauling the engineering education curriculum in the 4IR era, it might be 

necessary to consider adding new programmes and engineering departments in emerging 

interdisciplinary engineering fields that could more efficiently provide trained engineering 

graduates and that would help advance and accelerate the development of ever-more 

sophisticated 4IR-related technologies. 
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5.2 Engineering education teaching and learning 

As detailed in the various responses received in the previous sections, engineering 

education pedagogy will also need to be re-visited and aligned with the evolving 4IR 

dynamics. In fact, to take advantage of the 4IR-related technologies to aid teaching and 

learning that will enhance students’ experiences, the current traditional status quo of learning 

and teaching must give way to a more innovative pedagogy. Although online education has 

evolved during the third industrial revolution, emerging 4IR technologies will definitely take 

this to a new height. As observed in most of the responses and as Penprase [2] also 

reasoned, blended instruction and incorporation of flipped and online courses will result in 

more effective learning platforms that can adapt for diversity in preparing students.  

• Harvard University: Such blended platforms were reported to have been used for some 

courses at Harvard University [21].  

• Massachusetts Institute of Technology (MIT): A number of Electrical Engineering 

modules have also been reported to be offered using this type of platform at MIT, USA 

[22], during which time the residential students found the offerings of the various 

modules to be less stressful and also appreciated the ease of scheduling involved 

together with the rates at which feedback on assignments was received.  

• United Kingdom (UK) government: In [23], it was said that the UK government had 

pledged to invest £30m to test the use of AI and innovative education technology 

(edtech) in online digital skills courses.  

Hence, it would be an understatement to say that the mode of teaching and learning in 

engineering education during the 4IR era will entail blended learning with the use of virtual 

reality, automated technologies and some other 4IR-related technologies for efficient course 

delivery and enhancement of student experiences.  

For this to be a reality in South Africa, stakeholders in engineering education will need to 

invest in the relevant infrastructures needed to make changes realisable.  

5.3 Engineering education assessment 

Along with changes in teaching and learning also comes the new mode of assessments in 

engineering education. Assessments in engineering education will include open book, 
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application-oriented assessments, auto-graded assessments, tailored assessments towards 

individual student’s growth and ability to reflect on what was learnt, and quick and 

customised assessment for individual students.  

As observed in [22], there will be a significant increase in the speed at which students 

receive feedback on various assessments. Not only that, student progress could be easily 

and individually monitored and necessary interventions timeously applied.  

It must be stated, however, that engineering lecturers may also need to up-skill to cope with 

the new dynamics that 4IR will bring into engineering education. In addition, collaboration 

among engineering lecturers, departments, faculties, universities and research institutes will 

also be needed to exploit to the maximum the associated features and advantages of 4IR 

when applied in engineering education. 
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6. CONCLUSION 

By using qualitative and quantitative research approaches, this study explored and examined 

the perceptions of engineering students, engineering lecturers and engineering professionals 

on the impact of 4IR on engineering education in South Africa. The study shows that many 

things are needed to be put in place to take advantages of the 4IR in enhancing engineering 

education in South Africa. Hence, there is urgent need for a more proactive response from 

the educational sector than the more gradual societal evolution and subsequent response 

from educational institutions observed in earlier industrial revolutions. 

Based on the findings from this study, it is imperative that higher education institutions are 

more responsive in updating their curricula to match the rapid tempo of scientific and 

technological advancement. A more responsive curriculum would place an extremely high 

premium on faculty development and curriculum renewal as well as developing students who 

can think and reinvent themselves within the changing world into which they will graduate. 

Curricula need to help students develop the capacity for ethical reasoning and for awareness 

of societal and human impacts as well as to comprehend the impact of 4IR technologies on 

people.  

Students who are capable of creative insights, collaborating in diverse teams and navigating 

global cultural differences will be at an advantage in a workplace where the skills 

requirements call for interpreting rapidly changing information and being able to work with 

experts and stakeholders towards a common understanding of the benefits of sustainable 

development. 

Consequently, ECSA’s policy makers may need to update some of the ECSA Accreditation 

policy criteria, by incorporating of some of the impacts of 4IR that might not be in the policy.  
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7. RECOMMENDATIONS 

Based on the findings of this study, the following recommendations are made: 

• Consider for possible incorporation into the ECSA Policy on Accreditation of Engineering 

Programmes (E-01-POL) and Criteria for Accreditation of Engineering Programmes 

(E-03-CRI-P) the course content focusing on 4IR-related technologies (such as data 

science, machine learning, IoT, 3D printing, robotics, quantum computing, 

nanotechnology, etc.).Discipline applicable content may be identified by collaborating 

with industry experts and conducting a study of the current 4IR in the South African 

engineering sector. This could be taken forward by ECSA’s policy makers who work on 

various criteria such as Assessment of Graduate Attributes. 

• Consider reinforcing the ECSA Policy on Accreditation of Engineering Programmes 

(E-01-POL) and Criteria for Accreditation of Engineering Programmes (E-03-CRI-P) on 

the incorporation of Virtual Laboratory into engineering education programmes to 

complement face-to-face laboratory work.  

• Universities could consider incorporating Virtual Laboratory into engineering education 

programmes to complement face-to-face laboratory work.  

• Consider for incorporation into ECSA Policy on Accreditation of Engineering 

Programmes (E-01-POL) and Criteria for Accreditation of Engineering Programmes (E-

03-CRI-P) that students should be encouraged to collaborate with statistics and 

computer science departments within universities on AI and data science related 

projects that solve engineering problems. This will prepare and allow students to 

experience an interdisciplinary work environment of the 4IR as engineering graduates 

will eventually collaborate with data scientists, machine learning engineers and machine 

learning researchers on projects. This could be taken forward by the ECSA’s policy 

makers who work on various criteria such as Assessment of Graduate Attributes. 

 

• Consider for incorporation into ECSA Policy on Accreditation of Engineering 

Programmes (E-01-POL) and Criteria for Accreditation of Engineering Programmes (E-

03-CRI-P) updates to existing computer fundamentals/programming courses in 

engineering disciplines to include more relevant programming languages, computer 
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science/ programming theory (such as data structures that are highly relevant to data 

science) and problem-solving skills in programming. 

• Consider for incorporation into ECSA Policy on Accreditation of Engineering 

Programmes (E-01-POL) and Criteria for Accreditation of Engineering Programmes (E-

03-CRI-P) a mode of assessment that aligns with applications of 4IR-related technology 

for engineering education teaching and learning which should be incorporated into 

engineering education programmes. 

• Consider for incorporation into ECSA Policy on Accreditation of Engineering 

Programmes (E-01-POL) and Criteria for Accreditation of Engineering Programmes (E-

03-CRI-P), facilities to create effective Virtual Learning Environments like video 

conferencing, lesson recording and video creation tools, LMS, cloud-storage tools, exam 

and assessment software, scheduling platform and library resources. 
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Appendix 

Table A: Engineering students’ responses to the open-ended questionnaires  

No 

Open-ended 

questionnaires Responses 

1 As a student, how do 

you wish to use 

automated/intelligent 

systems in the 

future? 

Simulating mechanisms with real-world effects. Using VR to 

actually see CAD designs rather than imagine them. Look up 

tabulated data. Refine estimates when using graphical diagrams. 

I wish I could use it to link the theory part of the course and the 

practical part of it. 

In a sustainable way, intelligent systems should help and not be the 

only one to perform all tasks. 

Virtual and/or augmented reality should be an embedded science in 

the curriculum. The separation as is, now affects and limits its 

applications. 

Quick review and feedback of quizzes and tests. To accelerate 

learning and self-assessment. 

To visualise or be able to see what the lecturer talks about. It is 

very hard to understand things the lecturer talks about if we haven't 

seen them. In the mining department for example, lecturers may 

talk about underground mine conditions and we hardly understand 

because we cannot visualise. 

I would love to use automated/intelligent systems as innovative 

solutions in the engineering industry. 

I will use it in agricultural sector for improving yield. 

As mining engineer, safety is always a concern. Using intelligent 

system to constantly monitor the mine sight to increase work safety 

on a mine. 

They can be used to improve the efficiency of teaching and 

learning. 

To visualise experiments since lab time is limited. 

Using these systems with lab equipment would be very helpful and 

would also save time and money with regards to wasting these 

resources while learning and making mistakes. Virtual reality 

applications for remote learning would also be cool. 

Assuming that you’re referring to AI in life in general, I would like to 

see it used to accurately suggest a well-suited (not set in stone) 

lifestyle for people with weight, dietary problems or disabilities. 

Also would be nice for AI to be used to understand mental health 

issues, but not diagnose them. 

To better understand what we are learning, by seeing virtual 
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No 

Open-ended 

questionnaires Responses 

demonstrations. 

Automated systems can be used more for simulations where 

practicals cannot be performed. 

To pick up errors as work progresses in order to assure accuracy. 

To replace tasks which may or may not require human services to 

prevent injury or human error in tasks that may require high 

accuracy and precision at all times. 

The use of automated/intelligent systems could potentially be very 

beneficial to the future of engineering. They provide the means for 

in depth testing of theoretical systems before developing them into 

real systems. 

To be able to solve problems faster, more efficiently and 

accurately. 

Optimisation of systems by implementing ML – Improved interface 

with technology by using biomedical integrated devices and 

3D printing of prototypes. 

I would preferably use intelligent systems to improve accuracy and 

minimize errors and also use them to become more efficient in 

solving complex problems that use up a lot of time. 

2 Name some of the 

new (4IR) tools you 

have learnt to use for 

the online 

teaching/learning. 

Matlab, moodle, zoom and studylife; Microsoft Teams for online 

conferences , 2D Electrical simulation software Power Factory 

DigSILENT; Strian software; Solidworks; Inkscape, Google 

classroom, Google Forms; Cloud computing Internet of Things; 

Blackboard, drawing tablet, iPad; Various math modelling systems 

such as desmos and Geogebra; AI meeting scribes; 3D printing; 

TinkerCAD and Discord; Wireless technologies and robotics to 

automate a robot; Virtual Laboratory; electronic textbooks; LTspice 

TinkerCAD Solidworks; Artificial Intelligence; Owls v2, Khan 

Academy and Webassign; AI on the OpenAI platform; Robot 

Process Automation; python; AutoCad; CAD, tinkerCAD, lab skills, 

numbas, webassign; AI, 5G; Orcad, LTspice, Python. 

I have used most 4IR tools before online learning. 

3 According to you 

kindly state the main 

impacts of 4IR on 

teaching and 

learning in 

engineering 

education (mode of 

teaching deliveries) 

The main impact would be its ability to deliver education to every 

student at the comfort of their own home. Made education a more 

personal experience, instead of being simply an observe, or just 

passive students to succeed in online learning you needed to be 

actively involved in your education.  

We are now able to teach and interact in virtual classrooms. 

Visibility and hearing are the same for everyone, as opposed to 

struggling to hear and see from the back of a lecture theatre.  
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No 

Open-ended 

questionnaires Responses 

It has definitely improved the efficiency in teaching delivery. 

Engineering is a hands-on degree. Virtual reality will allow proper 

visualisation of what actually happens behind the scenes. although 

modelling tools have helped, they are not enough. Learning 

through visualisation is KEY! 

Virtual machinery and remote labs are now in demand as they can 

be used by many students even after working hours and give 

students a lot of time to practice them thoroughly. the ability to host 

online classes on real time and still be able to exchange files, 

messages and even record the sessions will definitely have a great 

effect in engineering education. 

It is a way to give learners the "real " field experience without 

actually entering the field.  

The 4IR enables students to work and learn at their own pace and I 

feel it relieves some of the stresses of being in class, seeing as you 

can rewind or watch again.  

It will definitely help to visualise and understand the material 

presented better. It will also make the material easier to understand 

and concepts that cannot be explained can be shown using the 

technology.  

The 4IR would only improve the learning experience for the 

students, I don't really see any downsides besides the cost 

implications. It would also make learning more enjoyable which 

would help with retaining information that was taught.  

What is being taught, can be virtually demonstrated to the students.  

Providing alternative tools for students and teacher interaction. 

Creating new environments for teaching and learning. Decreasing 

the need for contact within the educational environment.  Reducing 

the need for big campuses and large student halls. Increasing the 

stress put on the communication services of South Africa. 

Highlighting the technological gap between rural and developed 

areas.  

The 4IR will bring a more blended approach to teaching and 

learning in Universities, it was seen that technology can be 

incorporated more into our modules to help us do more work on our 

own, in our own free time.   

It aligns the students with what is happening in industry. 

Technology, automation and intelligent systems are being used 

increasingly, especially due to COVID-19. 4IR methods is a critical 

aspect to add to the curriculum of engineering.  

Easier and faster access to information making studying more 
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No 

Open-ended 

questionnaires Responses 

efficient but more dependent on the availability of information.  

Teaching will be more accessible and the venue will not be such a 

strict in-person venue more resources can be shared and made 

available.  

A more online, 4IR focused teaching model using technologies 

such as virtual reality will aid in introducing students to possible 

working environments and conceptualising what they have learnt to 

help better understand the theory.  

Visualisations can be given to students on how a particular object 

will work and how it will behave.  

I think the 4IR primarily is generating more tools through which 

educators can engage with their students. This is highly beneficial 

to both parties as when an educator is able explain a topic in a 

more engaging manner the student is more likely to be attentive.  

The state of teaching and learning has remained the same for 

many decades. The structure of classes and the way information is 

taught has not changed very much. The introduction of the fourth 

industrial revolution can be the turning point for this by introducing 

brand new ways to teach and convey information in the learning 

environment; upgrading the structure of education.  

It is practical (especially for those in remote areas, inclusive of the 

fact that the pandemic has re-validated to us that life is 

unpredictable), saves costs and time. It also makes learning 

tangible, especially for those that are already a part of the 

workforce, aspiring to be more than what they currently are.  

The 4IR could positively impact the way students are assessed and 

the way learning occurs. More tailored learning, fitting a student’s 

specific need, would be enabled by the tools and technology of the 

4IR. Time spent on learning could also be optimised due to 

students having the ability to reflect on what has been learnt and 

not just rushing through content.  

The 4IR has enabled the students and Engineers to quickly solve 

complex problems with less mistakes made. The ability to use 

simulations has enabled Engineers to test certain designs to see if 

it will be strong enough before materials were used and potentially 

wasted.  

It will improve performance of learners. 

4 According to you 

kindly state the main 

impacts of 4IR on 

assessments in 

Improved delivery of learning materials and the ability to track 

student progress electronically.  

Even though the integrity of online assessments is highly 

questionable depending on the type LMS a university uses and the 
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No 

Open-ended 

questionnaires Responses 

engineering 

education 

skill sets of individual lecturers on how to create smart and intuitive 

online assessments. Online assessments can open a wide variety 

on testing students, test scenarios can be very practical and 

students may be able to provide tangible solutions.  

Online tests and assignments help the students grasp the concept 

being taught.  

Re-evaluation of the test format. - Placing more focus on 

assignment-based assessment. Creative new ways should be 

identified to maintain a pressure-based testing scenario, where 

student have to react professionally. - Assessment will have to 

involve a critical thinking approach rather than a memory exercise.  

Writing tests in the comfort of my home makes it a lot easier to 

think clearly and unhindered. There is more time to prepare for 

assessments because I don't waste time on the road commuting 

from my residence to campus in traffic. not having to rush to an 

exam venue helps a lot for nerves and aids in a more relaxed 

mindset for writing tests/exams.  

More students are able to complete assessments in a given time 

period.  

4IR methods can assist and enhance the engineering assessments 

in making them more lifelike, allowing the students to be in 

practical scenarios in virtual reality, for example. This will provide 

them with more practical experience rather than just theoretical 

experience. This will also test and challenge the student with more 

realistic engineering expectations rather than just memorising and 

applying course work.  

4IR simplifies the assessment and speeds up the process of 

getting feedback in a faster and more intuitive way.  

The assessments online are less stressful and also more 

convenient, because you have your own workspace that you are 

used to. 

The 4IR is changing how assessments can be completed by 

showing that it is possible to move away from traditional paper-

based assessments to online formats.  

Engineering education would develop to a much more automated 

environment with auto graded assessments and a virtual 

classroom/ learning platform.  

I think we will see a move away from heavily weighted 

standardised testing due to tests and exams being conducted 

online. And a move towards higher weighted project-based testing. 

I think this will be highly beneficial to both the student and 
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No 

Open-ended 

questionnaires Responses 

educator. The student gains more and usually has to cover a 

broader spectrum of work to complete a proper engineering project. 

The educator gains more insight into the student ’s abilities to 

creatively problem solve using the tools provided. 

It made assessments less stressful and easier to prepare for.  

Depending on the subject and the decisions of the lecturer, 

assessment can be done far more efficiently and realistically. For 

one of our subjects, the online medium has allowed us to perform 

calculations on excel as we would in the workplace. 4IR technology 

can and should be used to create assessments that mimic our 

future workplaces, and thus better prepare us for the real world.  

Continuous assessment would be more beneficial to students and 

would be enabled by the tools of the 4IR. This is due to the fact 

that tailored tests and assignments could be made per student to 

assess their individual growth and ability to reflect on what was 

learnt. The current educational system allows for little reflection 

and short investigations to solidify core concepts. These two 

aspects are essential for learning, especially in an online setup.  

Assessments are more continuous. Although it is quite 

overwhelming, I believe it forces me to work hard every week and 

understand the work from the beginning.  

This will greatly increase efficiency for engineering students, more 

knowledge about the 4IR in general is needed and assessments 

will be more applicable in real world situations.  

It makes assessments more focused on the technical concepts and 

really understanding the content.  

Using 4IR tools to do assessments helps students to understand 

the assignment better and enables them to do more. 

 

Table B: Engineering Lecturers’ Responses to the Open-ended Questionnaires 

No 

Open-ended 

Questionnaires Responses 

1 Name some of the 

new tools or/and 

platforms you have 

learnt to teach your 

class 

Moodle assessment, Kaltura, Zoom, MSTeams, specific subject 

softwares, Autodesk, Civil3D, Opencast Studios, Vittle, Inkflow, 

Imovie, Handbrake, Droid cam, Vula, Discord, Zoom, Jupyter,scorm, 

OBS Studio Bash scripting, SPICE, Audio PowerPoint. 

I used Kaltura (within Moodle). I meticulously planned and recorded 
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lectures and recitation sessions (based on tutorials), and at great 

data cost to my personal internet connection, and uploaded the 

material to Moodle. (The university where I work did not offer to 

subsidise data contracts during the pandemic.) In return I received 

bitching and moaning from students about Kaltura videos not being 

downloadable (i.e., the videos could only be streamed), and 

remarkably I was chided by my line manager about it--- the line 

manager is the person who forced me to use Kaltura in the first 

place(!) Viva 4IR. Viva. 

edx.ukzn.ac.za based on edx.org the use of algorithms to grade 

complex engineering problems... these algorithms are written in 

python. 

Proteus Design Suite for Microcontroller-based Simulation and Serial 

IO Communication Protocol. Zoom and MS Teams for scheduled and 

unscheduled chats and meetings. One Drive contents sharing. 

Mobile scanning application for image for PDF conversion. Moodle, 

Turn it in, Remote Access for remote learning and practical 

demonstrations. 

QEMU used more extensively in embedded systems course. Discord 

for students project or prac teams to collaborate remotely on 

completing these tasks. 

2 In your opinion, 

kindly state the main 

impacts of 4IR on 

engineering 

education curriculum 

Minor so far 

Everyone has to move to new online technologies. 

Hopefully any impact on the engineering education curriculum would 

include dragging it into the 21st century. For a specific example, I 

teach a class on Power and Traction, however due to the curriculum 

requirements, a large part of that class deals specifically with Diesel 

engines, which while still prevalent, will not be around for much 

longer as the world continues its move towards cleaner forms of 

energy such as electric. I hope that in the future curriculums will be 

more flexible to account for changing technologies, and rather focus 

on the underlying theories and 

principles, allowing the lecturer discrepancy to focus on any suitably 

specific technology of the time. 

The engineering curriculum will evolve to cater to blended teaching 

and learning. Offering classroom-based studies and also online-

based studies. 

Allows for greater self-learning. 

Aligning outcomes with content to emphasize key content then using 

the correct platform to deliver content to students. 

Allows students to engage with real live problems in real time. 
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eLearning is only a small aspect of 4IR and it is critical that specific 

aspects of 4IR is taught to engineering students to arm them for the 

future. 

Substantially reduces the engineering laboratory work. 

The main impact on the curriculum is the many learning aids and 

tools available now make it easier to for students to go beyond 

learning theoretical concepts only but can also practice the concepts 

with the use of these tools. 

The old curriculum is too slow and redundant. 

Virtual collaboration, tapping into a large global skill set . 

Curriculum will be technology oriented (sensors/softwares) and 

hence teachers have to upgrade themselves at a faster pace. 

It is nothing new. The facilities and technologies have been around 

long enough and the core on which the technologies are built already 

into most curricula. Poor resourcing of engineering education 

facilities is the only thing preventing 4IR technologies from being 

freely available. 

Change to the curriculum is inevitable but the basics must still be 

understood. Unfortunately, with the number of students it is cost-

prohibitive to allow students to become familiar with technology in  a 

learning environment. 

3 In your opinion, 

kindly state the main 

impacts of 4IR on 

Teaching and 

Learning in 

Engineering 

Curriculum updates – new modules – new lab approaches 

1) Lecture materials had to be prepared and curated in particular 

manner for delivery 2) There is need for good internet connectivity 3) 

Online assessments have to be prepared in specific ways dictated by 

the software in use. 4) Online marking is basically automated.  

Due to the lack of computer literacy. Students are forced to learn 

computer skills. 

Teaching and learning must be structured, concise, well planned to 

ensure a balanced approach with technology. Easy to overload 

students when following the classroom approach. 

Brings the workplace into the classroom. 

Most do not understand what exactly 4IR is, and 4IR is often labelled 

as subsets of tools used for 4IR; this misconception needs to be 

dealt with first before looking at the impacts on Teaching and 

Learning. 

Students have greater access to their lecturers.  

Develop student learning abilities. 

The 4IR is now allowing for more effective asynchronous teaching 

and learning which improves the flexibility of engineering education 
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and students access to it. 

A complete reset of how we teach engineering. Teach learners how 

to access the tools and info. Assess them with open book, open 

internet and make them solve real life problems with time 

constraints. Just like they will do it when they are in the workplace. 

Flexibility in working hours, access to vast global skills . 

Could access wider audience. Have a better product. 

Much greater flexibility, eg flipped classroom and blended learning – 

more emphasis on quality of the face-to-face engagement. 

Both teacher and the taught will have enhanced skill set and 

knowledge. 

Shifts the focus of traditional curriculum. 

4 In your opinion, 

kindly state the main 

impacts of 4IR on 

assessments in 

engineering 

education 

Assessments must be re-engineered to reflect the new needs. 

Assessments have to be very specific. Marking assignments easily 

become automated. 

The main benefits from my perspective are that learning platforms 

such as Moodle, enable often more personalised self-paced content 

delivery. Randomised questions, with randomised numbers for 

calculations enable a large range of questions to be made available 

for evaluation which can partly assist in preventing copying from 

other students. 

Online assessments cannot be controlled or properly invigilated. 

Plagiarism of student work and sharing of content. Other practical 

assessments need to be evaluated online thus often we look at 

simulation software packages to fill in the gap. 

Assessment is fast. 

Requires a greater 'application of knowledge' approach when setting 

assessments. Rethinking your assessments is key to success while 

still allowing learning to take place. Technology creates a 

collaborative environment where it is easy to access information. 

Allows for application of case study and application assessments. 

Application oriented assessments which test student problem solving 

ability and not just remembering. 

Assess them with open book, open internet and make them solve 

real life problems with time constraints (NB). Just like they will do it 

when they are in the workplace. 

In response to this, I am considering 4IR is the integration of  digital, 

biological, and physical worlds, and potentially AI in some cases. My 

colleagues and I have not use AI tools in the courses. In terms of 

assessment attempting to leverage e.g. internet and connection of 
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data sources has certainly helped to prepare students for this type of 

work in industry, it has such enhanced the authenticity, towards a 

modern industry sense, of the assessments and other activities done 

in the course. The assessments that do focus on 4IR aspects have 

been authentic and effective, and would be much the same if done in 

a distributed or centralized sense (since this is how the assignments 

were planned originally for the course concerned with has had a 

strong focus towards 4IR for over two years). But many of the 

assessments changed from closed-book, test venue-based testing; 

and the validity of these assessments were very certain. Attempting 

to do high-stakes assessment (e.g. writing exams remotely) has 

been fraught with problems particularly cheating and plagiarism. This 

has added an additional burden to the teaching staff, in addition to 

having to perform re-testing due to concerns of too many students 

having cheated etc. In a number of our courses we are holding off 

finalizing marks in order to carry out in-person examinations on 

campus or testing venues due to the uncertainty of some online 

examination/assessment results. 

Transfer to open book assessments, very similar to professional 

practice at the workplace where design is off manual. 

Should help better development of programs to enable deeper 

understanding. Become more realistic. 

New types of assessment open up. Lecturers can use the 

technologies to give quality feedback while spending less time on 

assessment.  

It will be quick and customised for individual students.  

Move towards open book evaluations. Closer to real world practice. 
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Table C: Engineering Professionals’ Responses to the Open-ended Questionnaires  

No 

Open-ended 

Questionnaires Responses 

1 In what way(s) has 4IR 

impacted the scheme of 

things in terms of 

engineering work 

activities (the changes 

brought upon the old 

ways of doing things) in 

the engineering company 

or organization that you 

are working? 

Makes the work easier provided we understand fully what we 

are doing. 

Move to better support of industries.  

For now, it's been strictly faster processing of data/information, 

through more automation of processes using Machine 

Learning, which is positive.  

The application of 4IR technologies has improved plant 

operation and system communication.  

This has allowed companies to have accelerated training 

programs and allow for operators and engineers to be 

introduced to complex concepts. This is allowing for quick 

closing of gaps within industries, however this all depends on 

the employers investing in this and industry actively driving 

4IR solutions.  

You are no longer bound to an office - your office is where you 

want it to be.  

Less engineers are required to do the same task as 10 years 

ago due to technology. Which means the employment balance 

is very bad currently. The total number of engineers 

graduating are also increasing, where will they find work? 

ECSA should look at perhaps stopping the BTec programs and 

only leave BEng in the industry, they are both doing the same 

work in industry, at risk. 

It has improved our abilities to collect information and analyse 

it, but not how we interpret and use the information to inform 

our work.  

It has allowed me to become more efficient and useful.  

Promote innovation and commercialisation of locally 

developed technologies & solutions. 

Hardly much has changed besides being able to purchase 

items manufactured using 4IR Technologies e.g 3D Printed 

anion resin strainers. 

Modern designs of mechanical equipment include 3-D models, 

that allow for easier and more detailed stress analyses, when 

required during the "in-service" life of equipment. 

More engineering activities are becoming less Labour 

intensive as a result of 4IR. 

Improved scalability and efficiency in the products backend 
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systems. 

Positive impact because manual analysis of information can be 

automated and decisions be made faster. 

reduced office space and coordination of work being done 

remotely on virtual platforms. Productivity has increased as 

new and efficient technology being applied. 

4IR has enabled data driven decision making + predictive 

planning etc. Significant cost savings in equipment and 

process design as well. However, 4IR is not a panacea to all 

ills of industry. Neither should it replace the fundamentals. in 

my view, 4IR is a tool (just like your SCADA) and not a 

solution to all. 

4IR has facilitated the automation and therefore 

standardisation of routine tasks, thereby giving engineers 

more time/scope to seek innovative solutions and optimise 

designs. We however have a long way to go wrt automating 

the design processes and herein lies the opportunity. 

The introduction of 4IR has changed the way of working. The 

time taken during site inspection has reduced dramatically due 

to the introduction of 4IR. The time to produce status Quo 

layout has reduced significantly as well. 

Machine learning uncovers trends that would not be visible 

when analysing big data. This speeds up the data analysis 

process and makes a safer product. 

We are becoming more efficient, solutions to problems are 

faster and more cost effective if done correctly.  

We have a 3D printer and can show clients intake structures, 

weirs, spillways, anything really. 3D prints not only impresses 

the client, but assist our technical team to see the bigger 

picture. We also do fly-troughs of major interchanges and 

highways using VR headsets. BIM has helped tremendously 

with identifying clashes of various building services, by adding 

all services across the various disciplines (HVAC, electrical, 

fire-water, security etc.) to the model. 

Speed up delivery process. Allows remote global teams to 

work on same project. 

It will enable elimination of down time in production systems in 

Factories. 

Faster responses, implementation of digital strategies, digital 

transformation, increases efficiency, manufacturing 

automation, introduction of robotics & e-commerce platforms. 
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Remote working, virtual access – which allows for access to 

resources and information that would have previously been 

expensive to access. 

It is reducing the tedious man-hours which are wasted in 

obtaining and preparing big data and information sets, allowing 

the engineer more time to focus on the engineering aspects 

and decision-making elements. It is also impacting the way 

engineering work is done, ensuring streamlined processes, 

providing new perspectives and improved ways of working. 

Atomization of HV Networks, Scada and Visibility 

(Geographical, IT) of Electrical Networks. 

4IR has provided tools for visualising complex engineering 

designs that helps to communicate ideas beyond the 

engineering field. 

The analysis of data has improved significantly. Although 

AI/ML has clear application understanding the limitation of the 

technology is clearly lacking. 

Shorter product development cycles, rapid prototyping, trial 

products in the prototyping phase.  

The fees for doing a project are decreasing because less 

resources are required. Design work takes less time to 

complete. 

Remote support using augmented reality tools is now 

becoming the norm. Inspections are done by machines (e.g. 

drones) instead of humans.  

Massive impact. Road surveying measurements have now 

been automated – allowing for more speed, accuracy and 

safety, as compared to obtaining these measurements 

manually. 

International real time project design collaboration. I work 

overseas because SA have very little AI, ML capabilities in the 

field of civil engineering. 

Better visualisation of a project prior to building, helping with 

clash detection and fault finding of model, decrease time 

delays on site. 

Virtual reality is a great tool for education and to gain a better 

understanding of especially the working of complex 

mechanical equipment. 3D Printing has also changed 

prototyping for R&D projects greatly in my industry. 

The days of compiling a drawing set or Detail Design drawing 

by hand is long gone. We are in the era where one can update 
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and provide an updated drawing set to the client in a matter of 

hours. This is however just the tip of the iceberg, as designing 

is now moving towards 3D modelling and providing a 3D model 

to the client for potential use as construction information that 

can be given to the Contractor. These "simple" procedures 

reduce tine spend on a project as well as workaround time. 

The technology has advantages in forecasting problems and 

resolving clashes. But there is a side-effect in that people 

become too reliant on technology and do not develop the 

necessary skills and knowledge to act safely and efficiently in 

real terms. 

The advent of 4IR technologies has enabled the 

interoperability of IEDs used in our plants from different 

vendors, and this has impacted the organization in a very 

positive way in terms of information exchange between the 

devices used for protection, control and monitoring of the plant 

equipment. 

2 With the advent of 4IR 

technologies (such as 

factory automation, 3D 

printing, etc.) the designs 

will be handled mostly by 

the new technology. In 

your own opinion which 

skills would you suggest 

should be incorporated in 

the engineering education 

curriculum so that the 

new graduates will not 

become irrelevant to jobs 

in the new emerging 4IR-

driven industries 

Proper exposure to modern MCAD and ECAD is very 

important. 

Basics on how the 4IR is (i) designed (ii) 

programmed/computed will need to be incorporated. 

Creativity, problem solving, people skills. 

Artificial Intelligence, Computer and Machine Programming. 

Integration and application of 4IR technology but also include 

innovative/creative/critical thinking modules/courses.  

Systems Thinking Data Science. 

Focus on computer programming, 3D printing as well as 

Human Interface Equipment. 

Data Analysis Coding (Programming).  

Cloud Computing, Revised curriculums of Manufacturing 

Technology, Virtual & Augmented Reality based based 

projects within a pragmatic industry context, IoT, New age 

Entrepreneurship.  

Augmented/Virtual reality development.  

3D printing be covered at varsity, I had to familiarise myself 

with this concept.  

Firstly, I do not agree with your introductory hypothesis: 

"Design" clearly falls into the intellectual domain of humans, 

this cannot be handled by a "new technology". Education 

towards 4IR savvy workforce must start much earlier than in 
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engineering education curriculum (implying higher education), 

it must start in primary school. We need to look at the progress 

made and interventions implemented in other countries in this 

regard, where especially programming skills are taught already 

to 6 year olds. Besides programming and computer machine 

interface-related aspects, students must be taught to think 

holistically along the whole value chain (or rather loop or 

network), as resource efficiency must increase (circular 

economy). System thinking and knowledge on how the 

company they are working for is implemented in the overall 

South African context, but also globally, is important. We 

should also not neglect to implement modules that are more 

ethically/culturally/philosophically focussed: today's generation 

must probe in which society they wish to live in 20 years.  

Computer-aided design (CAD) and programming/coding.  

It depends on the field of engineering. Software and Electronic 

Engineers will greatly benefit from AI, Industrial and process 

engineers will benefit from automation and robotics. 3D 

printing is a useful tool for research and development 

purposes.  

Do not omit on-site experience. Must keep up with the basics 

of 3D printing and 4IR as tools but priority is still the 

engineering theory and practical application of theory.  

Advanced programming concepts. Modular design projects 

using these tools, like 3D printing etc. Projects/practicals to 

develop some of these tools. Game design using engines, 

sensor and wireless technology fundamentals on all 

disciplines.  

Designs will NOT and should NOT be 'handled' automatically. 

The skills that an engineer requires are those that see beyond 

being a 'factory component'. Those 'skills' should be left to 

technicians.  

Regardless of the advancement of technology, human 

intervention will always be required in all phases of projects, 

but particularly in both the concept and construction phases. 

Thus curriculum still need to focus on basic engineering 

concepts but should be enhanced with conceptual thinking 

courses, digital literacy / advanced coding, technology 

management and entrepreneurial thinking.  

Automated digital designs should always have manual best 

practice calculation checks for robustness of designs. To apply 

automated design packages each engineer must still fully 
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understand the basics of the design, otherwise incorrect 

assumptions can be applied with catastrophic consequences.  

Data science, Modelling techniques, Forecasting, Data 

validation, Programming.  

Emotional intelligences, negotiations, general management.  

Data analytics IT architecture AI & Machine Code introduction.  

artificial intelligence (AI), robotics, the Internet of Things (IoT), 

3D printing, genetic engineering.  

Many aspects of 4IR can be packaged under advanced 

process control. Therefore, that curriculum has to be revised 

and appropriately updated to reflect the change in industrial 

environment. 4IR aspects must also be packaged according to 

the Engineering disciplines, e.g. 4IR aspects relevant to 

Electrical Engineers might be of no relevance to Chemical 

Engineers. The differentiation must be realistic.  

PLC programming logic Six sigma and statistical process 

control Artificial intelligence.  

Machine learning, AI, data science cyber security.  

Robotics at Bachelor of Engineering level like other countries 

such as Australia. Cyber security, ethical hacking.  

Curricula should be periodically updated to consider evolving 

technologies AS THEY HAVE ALWAYS BEEN DONE. There is 

no reason why automation or 3D printing should be included 

specifically, but "non-4IR" technologies such as GaN or 

quantum computing should be omitted.  

I think that it is inaccurate to say that designs will be handled 

by technology. Rather, the nature of design will change to 

incorporate the new tools. The antiquation of the slide rule did 

not mean that the design was mostly handled by the calculator 

(though it likely felt that way), nor does the availability of CAD 

software mean that mechanical design is handled by 

technology. The new tools simply change the focus of what 

design work involves. In order to help graduates stay relevant, 

I would suggest an increasing emphasis on computer and 

information literacy. This would include programming, 

statistics, and data science will be important to enable critical 

thinking about other 4IR technologies. Further, and perhaps 

more importantly, the skills to evaluate and integrate 

information from various sources will be increasingly valuable. 

E.g., one may not write much code from scratch thanks to the 

massive amount of code online, but one will need the ability to 
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identify useful and high quality existing code to adapt. This 

ability to evaluate and curate existing information is frequently 

lacking in both students and professionals.  

Working with big data. Exposure to basic programming to 

clean up / manipulate and analyse data bases and shape files 

or geo referenced databases. Intelligent infrastructure and 

measuring instruments built into infrastructure and data 

capturing. Applications and shortcomings of different machine 

learning algorithms and other statistical methods. Automatic 

dimensional scaling of models and 3D printing materials and 

methods for creating dimensionally scaled models cheaply for 

analysis where the structures is too complicated to be 

accurately analysed mathematically.  

Interpretation of 3D models & Clash Detection with VR. 

Development, & Use of O&M assisted AR. Theory and 

Practical aspects of Additive Manufacturing (of which 3D 

printing is a small part) Theory & Purpose of AI & Big Data. 

Discipline specific application of AI & Big Data. Basic 

principles of Nano Materials & Bots. Critical Aspects of the 

Energy Revolution. (Alternative Energy Production, PV, Wind, 

Biomass, EVs, Storage, Fuel Cells, etc). 

The Undergraduate Curriculum should be extended from four 

to five years and accommodate subjects/modules related to 

4IR technologies, otherwise the basics are not going to be 

taught well enough in favour of 4RI technologies! 

Curricula should include modern design science including the 

use of systems thinking and the axiomatic design approach. 

Not enough research is available on the properties of 3d 

printed materials for use in the teaching of design and 

manufacture for 3d printing. It will be necessary to move to a 

5-year MEng curriculum in order to make space for new 

knowledge and techniques in engineering curricula. No 

amount of technology can however replace a strong core of 

engineering and science fundamentals. 

Blockchain Nanotech applications. 

BIM 

1) Computer-Aided Engineering (CAE) tools, such as 

Computational Fluid Dynamics (CFD) and Computed Aided 

Design (CAD). 2) Programming skills – Python, Linux code etc. 

Factory Automation is required to compete internationally, but 

contra-productive for employing low skilled employees, i.e. a 

problem in SA! 
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Basic understanding of the Cloud, AI, GA, ML, NBWAN, 

cybersecurity and sensors. Understanding regulations. 

Knowledge on emerging technologies, AI and more advanced 

control techniques, background on 3D and VR modelling to be 

included in graduate course. 

Data science (definitely). Skills in using AI and ML software 

solutions should be incorporated; this was previously left to the 

young engineer to explore by themselves (not good enough). 

Continue providing coding skills. 

3 In your own opinion, 

kindly state what will be 

the main impacts of 4IR 

on engineering curriculum 

(amendments to the 

course contents such as 

the inclusion of digital 

literacy, etc.). 

High Digital literacy is a must. A grasp of basic coding, and a 

knowledge of current suite of coding languages. 

Curriculum already includes elements of digital literacy, 4IR 

should be incorporated as elements of continuous curriculum 

improvements.  

Fundamentals will remain, but VR will be enhanced. 

I believe there will be a shift in focus, Engineering might 

become more data science driven but critical thinking is still 

key.  

Slight change in the curriculum. Greater emphasis on 

multidisciplinary work.  

We will include more data science, as a new field. We have 

introduced a new programme in Data Engineering as a 

specialisation in our B.Eng. (Electrical & Electronic) 

programme.  

Positive: Exposure to new technologies and perhaps this will 

prompt further investigation into the interaction of 

technological advances and engineering. Easier access to 

learning material and information Easier communication 

Negative: Heavy dependence on technology Lack of 

understanding towards basic engineering principles.  

Much higher reliance on computer literacy (and much MORE) 

skills.  

It would increase great innovations based on new technologies 

and show students how easy it is to make anything.  

I think this is difficult to say at this stage; we need to determine 

first where we want to go with society in the longer-term future, 

then only can we determine what curriculum content needs to 

be implemented. But for sure, judging from the current 

educational situation, sound STEM education is critical, with a 

higher level of computer and programming literacy skills. 

Critical thinking is another aspect that is not well developed in 



Document No.:  
RES-AGE-ECSA-001 

Revision No.:  0  
Effective Date:  
13 April 2021 

 

 
Impact of the Fourth Industrial Revolution on educational outcomes 

Compiler: 
MA Dienga 

Approving Officer: 
EL Nxumalo 

Next Review Date:  
N/A 

Page 96 of 105 

 

CONTROLLED DISCLOSURE 
When downloaded for the ECSA Document Management System, this document is uncontrolled and the responsibility rests with the user to 

ensure that it is in line with the authorised version on the database. If the ‘original’ stamp in red does not appear on each page, this 
document is uncontrolled. 

QM-TEM-001 Rev 0 – ECSA Policy/Procedure 

No 

Open-ended 

Questionnaires Responses 

many of the current students.  

Inclusion of 4IR to the engineering education is a must. I think 

we (SA) are already late and should act very soon.  

Students can take any course from any institution in the world. 

South African universities need to distinguish their Engineering 

curriculums to be relevant and appealing to students whilst 

maintaining international standards.  

Blended learning will be the norm (i.e. face-to-face and online 

teaching & interaction).  

We do have digital literacy in various forms in engineering 

curricula across the country. Having studied abroad 

(postgraduate studies in Japan) and having taught Process 

Pyrometallurgy at a local public university, I would suggest 

emphasizing certain aspects of 4IR techs and not forcing a 

blanket approach as 4IR techs are very fluid and can 

sometimes be too exotic. I am a big fan of fundamentals and 

not fragmented applications that very fluid. That being said, we 

have design courses where we can emphasise the 

fundamentals and applications of 4IRs. What we need to know 

is that 4IR is nothing new. We have been incorporating the 

variants 4IR applications in our daily lives for decades now. 

Hence, to wake up and start changing everything just like that 

is more destructive than constructive. Perhaps what we should 

start thinking of is not to change curricula to incorporate 

specific 4IR applications, as these are very fluid and dynamic, 

but rather to incorporate them in the continuous professional 

education. In fact, one of the biggest impacts is on putting 

strong emphasis at postgraduate level.  

Students will learn about this critical skill at an early age and 

be able to expand their knowledge by the time they reach 

varsity stage. 4IR technologies will probably impact on all 

engineering disciplines, possibly reducing the divide between 

some and creating new sub disciplines. The role of the 

generalist should not be ignored. Project managers (at all 

project stages) for example should have a basic grounding in 

all disciplines and technologies. However limited learning time 

available to undergraduates will mean that much of the up 

skilling is done after graduation under the CPD programme. 

Survey, geo-spatial data, GIS, 3-D CAD, CAM machine 

coding, drones, software development & usage all require high 

level digital literacy and basic knowledge of the various 

technologies.  
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4IR expands the scope of engineering syllabus significantly. It 

raises the risk that our nation will not be able to maintain a 

critical base of skills across this entire field of engineering. 

From an education perspective, the rate of change in 

curriculum will increase dramatically and therefore will require 

new methods of delivering educational content to students. It 

will be key to move digital literacy and foundational 4IR 

training to the high school curriculum to ensure that there is 

sufficient time to training students on core engineering 

concepts at university. 

ECSA should look at increasing the classification of engineers 

to account for new roles in 4IR.  

It could affect students who cannot afford PCs and internet - 

those who generally rely on schools/colleges/university 

infrastructure. Testing, examinations and practical hands-on 

courses will be negatively impacted. 

4IR will also give the opportunity to offer more of the courses 

through remote. 

learning, which will help make engineering more accessible. 

Much improved contributions by young engineers to the 

workplace very early in their careers. 

New era of innovation in technology that will enhance human-

machine relationships, unlock new market opportunities, and 

fuel growth across the global economy.  

A paradigm shift from office-based design thinking to site 

based manufacturing and solution building.  

A larger focus will be on programming and use of software. 

Students will learn how to program/create apps and how to set 

up complex design spreadsheets from scratch, using macros 

etc. I think the curriculum will have a reduced calculus, 

statistics, applied maths component and will focus more on 

pure engineering subjects and digital technology.  

All engineering disciplines will now have to incorporate some 

sort of electronic engineering, computer engineering and 

software curriculum courses in it. 

The engineering students already learn some programming 

skills in their curricula, however, a shift in focus will be needed 

to include an understanding of the 4IR application e.g. 

machine learning.  

Inclusion of digital literacy is unavoidable, it must be included, 

this space will open new societal problems but it will solve 
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issues such as corruption. 

it will help the students to focus on the things that will be 

relevant in their future workplace; and also train them to start 

thinking of way to do things faster and saving the environment. 

Leaner more focused curriculum. Removing irrelevant 

programs.  

All engineers will have to be competent in the theory of their 

field, but will also have to be software engineers as well. 

hence they will be doing two course or disciplines rather than 

just one. 

4IR should be a separate course. All the other disciplines 

remain relevant. 4IR will unfortunately exclude many good 

engineers both because they cannot get to that level or 

because they cannot get to e decent facility to be taught. 

A much faster tempo of knowledge transfer which will make 

more time available for practical sessions. 

Developing the ability for future engineers to utilise 4IR in their 

work – "thinking outside the box". 

If poorly implemented a cohort of engineers that can only use 

a toolbox function / download designs. If implemented properly 

engineers who are able to adapt to new technology, apply 

selected tools correctly, and reap the benefits of improved 

data analytics and communication abilities of devices and 

structures. 

Interpretation of results will be important and automation of 

procedures will further enhance engineering. Smart systems 

and automation. 

Smart equipment with built in sensors to indicate service life 

and operating conditions. Optimise and reduce service 

intervals. Do online diagnostics.  

Engineers will be able to develop more sophisticated products 

more quickly so they will need to get a good understanding of 

the benefits and limitations of the various technologies and 

how best to exploit them. 

The curriculum will be forced to shift or keep up with the 

changes of 4IR to provide relevant education to future 

engineers. 

The inclusion of additional skills/contents as listed above 

without the neglect of current contents - it will be challenging 

to decide what current contents to delete to make room for 

new contents - better to add new content without deletion of 
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old content. 

Basic understanding of the Cloud, AI, GA, ML, NBWAN, 

cybersecurity and sensors. Understanding regulations.  

Design projects incorporating 4IR should be included in the 

curriculum. 

It will make students understand and develop interest in 4IR 

technologies. They will be equipped and ready with enough 

background to understand and pursue 4IR courses at 

university level.  

The curriculum will become heavier loaded. The quantum of 

contents of the course need to increase over time and the 

standard of training needs to improve. 

It will shift to include relevant software and technology on the 

applied end of the curriculum but the first principles will remain 

the core feature.  

A curriculum more focussed on technology management and 

centred around developing technologies. 

Exciting new ways of learning and teaching what is important 

and interesting and encouraging creative problem-solving 

skills amongst young engineers. 

Application of data science, ML and AI should feature more.  

Obviously the digital and design era must be embraced and it 

has many, many advantages. BUT engineers should not lose 

the ability to INNOVATE and PROBLEM SOLVE. For this you 

need the BASICS to be effective. New technology design 

software and systems can aid to fast track putting ideas to 

tests, and this should be used as a tool to be more innovative 

and find better solutions to problems. 

Engineers will be more collaborative in their day-to-day 

practice. 

The main impacts on the curriculum? The impact will be 

determined by how well the engineering faculties at the 

various universities respond to 4IR. 

100% paperless online material with remote access to virtual 

laboratories and examination when-ready promotion. 

4 In your own opinion, 

kindly state what will be 

the main impacts of 4IR 

on teaching and learning 

in engineering education 

F2F teaching may become obsolete and this is an advantage 

as everybody may be exposed to world class level of 

education including technical.  

Mix of both, enhanced efficiency of teaching and learning. 

Need to provide appropriate support to educators, otherwise 
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(such as online only 

teaching and virtual 

laboratories, mix of both 

online and face to face 

teaching, etc.) 

they will be overwhelmed.  

Provision of teaching and learning infrastructure and retraining 

of academic staff. Online tuition will become commonplace.  

I believe the teaching environment will become more 

decentralised, the challenge will be to ensure integration.  

4IR will allow better and more effective in-house training due 

to new on-line and virtual teaching.  

Online only teaching will destroy peer-learning and social 

development.  

4IR has the potential to create much more capacity in our 

education system. That is probably the biggest impact. We 

need to educate more people at pace without sacrificing 

quality. 4IR technologies can help make that happen.  

We will make more use of hybrid learning in future.  

The need for big facilities will become less and the need for 

interactive virtual classrooms will increase.  

I think this virtual labs is not a good idea. Engineering learning 

may be done virtually but labs need physical contact and 

interaction.  

The average cost of education will be reduced for the 

individual and for society, not requiring resident students being 

concentrated in educational towns. The main impact will 

however be the loss of the "social factory" where, in the past, 

people got acquainted with team working and forming long 

term social compacts. We will be creating an individualistic 

society as we will leave school and build our lives around our 

computers and social media, losing our humanity. 

Lecturers would need to re-skill and upskill towards being able 

to deliver 4IR related content. In terms of online/virtual; the 

study of engineering NEEDS to have certain elements to be 

delivered and understood within contact sessions. Learners 

will miss the appreciation of the digital twin if they are not 

exposed to the physical concept.  

Virtual learning is the future. Virtuality provides the learners 

unlimited access to laboratories, teaching material and 

experience from across the world. The ability to interact with 

the latest developments in the various engineering disciplines 

is limitless.  

More efficient ways of learning (students won't waste hours to 

move from one class to the other). Teach them ways to 

organize their time as well as their classes.  
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4IR will allow us to deliver a more tailor made teaching and 

learning experience. Online teaching gives the opportunity to 

give access to higher education for people who currently have 

little access to higher education (e.g. people living in remote 

areas; those having to work to support their families rather 

than continuing with higher education; care givers, mothers 

and women in general). Ideally, the discipline-specific thinking 

(eg electrical, electronic, computer, chemical, environmental , 

mechanical, agricultural engineering disciplines) should be 

done away with. Likewise, semester-wise curriculum should be 

replaced by block-teaching. This approach will lead to 

holistically and interdisciplinary educated graduates. It will 

allow us to educate many more people, at varying levels and 

depths, without necessarily impacting on the number of 

educators required. However, many institutional changes 

would have to be done, which may well prove to be the biggest 

challenge.  

There will obviously be more opportunity for on-line learning, 

which will make tertiary education more accessible for many. 

However, the need for face-to-face interaction and especially 

practical experience should not be underestimated. The 

learning experience at University is not only about technical 

and academic learning, it’s about becoming a professional, 

understanding people, obtain people skills, communication 

skills, etc...one should not underestimate the value of these 

skills in our industry.  

Face to face teaching could be substantially augmented by 

online teaching. Facilities should be created where students 

who are not in a university town, can study online.  

Interactions with international institutions via online platforms.  

Student reach will be greater and not confined by space. 

Engagement may be a problem.  

Learners might become less interactive on a physical 

environment, and social interaction will not be as personal as 

in the past. Unfortunately, communication on a face-to-face 

basis will become extinct and virtual platforms will take over.  

Educators need to be upskilled rapidly. Cross collaboration 

between engineering disciplines and between institutions is an 

imperative to enable the students the right platform to develop 

from.  

Teaching Scale that emerging 4IR technologies provide. 

Change in assessment methods. Change in what is being 
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assessed.  

It should facilitate more in-depth skills training/ education. 

Practical work can be done anywhere. The effect of remote 

management in the future workplace should be advantageous.  

Subjects like Maths, programming etc. can all be done online. 

Face-to-face should be limited to practical sessions where 

equipment is physically manipulated. Without physical 

experience graduates are totally out of their depth in industry. 

This experience should be obtained within the education 

system with assistance from industry to provide "train-the-

trainer and the latest equipment because industry does not 

have a "play environment" or sufficient skilled "spare" staff to 

train people on equipment – they should only teach the 

graduates the process and not the equipment.  

Certainly a greater part of the lecturing and completion of 

assignments can be done on-line. However, I don't think there 

can be a VR substitute for hands-on laboratory work. Further, 

the group and student-tutor interaction and the solid focus 

achieved during those 3h face-to-face tut-classes are a vital 

ingredient which, I think, would be hard to replicate in a virtual 

environment. But I stand to be corrected.  

Online teaching will grow and face to face teaching reduce. 

Globalisation of teaching.  

A combination of all mentioned including face to face. 

It will allow more people to be able to study which had 

previous difficulty getting to the learning facilities. It will allow 

for a broader scope of learning with a better understanding of 

what is needed in the industry.  

4IR will enable a mix of face to face and online teaching, but 

virtual laboratories will be a very important tool as well, 

allowing examples of e.g. structural behaviour for various 

modes of failure to be demonstrated visually. The preparation 

of course material will become a field in itself?  

The field of engineering requires extensive practicals, 

therefore in order to ensure that we maintain the practical 

component of academic learning, online learning model must 

be cascaded with extensive practicals in order to bring the 

space of leaning close to industrial space.  

There will need to be a mix of virtual and F2F teaching. I would 

suggest that apart from the traditional mode of learning, 

students should also spend time in industry to see the practical 

applications of these ideas. This should be done by spending 
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at least 3 months each academic year. Academics who teach 

in institutions of higher learning are not the same as 

practitioners who are actually working with and building the 

4IR and making commercial success out of it.  

Cheaper and easy access to learning and education (for those 

with access to infrastructure) Widening the gap and exclusion 

of those whose economic and geographical settings doesn't 

support online learning Removing hands on learning and 

syndicateship provided by face to face learning Reduced 

opportunity to learn social interactions and grow emotional 

intelligence through human interaction.  

It will allow for equal opportunities. At the moment, there is a 

significant gap between public and private sector education. 

Online learning and education will eliminate many of these 

inequalities, as all that is required by the student is an internet 

connection and display device to gain access to high quality 

education and educational material, no matter where they are 

or the LSM group that they belong to. It will also change the 

way learning is done, developing better self-learners, who will 

be able to grasp new technologies, concepts and adapt to 

advancements/changes more efficiently.  

Online teaching, blended learning, virtual laboratories, and 

similar technological teaching innovations are NOT about or 

even related to the Fourth Industrial Revolution. They are 

technological approaches to teaching. There are and will be 

efforts to use artificial intelligence and automation to monitor 

and regulate student progress through curricula, and perhaps 

to adapt curricula to students' (or other parties') preferences. I 

don't think these will have a significant impact on the overall 

delivery of a learning programme in the near future.  

Online lectures will be the future. Online testing will come with 

it. At present I use videos, with my continuous presence, 

computer simulations, and that allows students to record 

lectures. Digital Twins and similar virtual reconstruction of the 

workplace will contribute tremendously to maintenance and the 

safety of workers. It will be an invaluable tool during training.  

Online learning will enable students to take courses from 

international Universities such as MIT, Harvard. Poor African 

countries will benefit from this arrangement.  

Will bring discipline in studying online. Will cause the slack 

student to become conscientiousness in their studies. It will 

also expose the not so strong student to the lecturer so that 
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the matter can be addressed early in first year of study already 

and help the students to reduce the number of dropouts or 

repeating students.  

Online teaching. Having children in final year B.Sc. 

engineering and matric science during the lockdown has been 

informative. The online academic study possibly works even 

better than lectures/classes. It is woefully inadequate ito 

laboratories, practical work and team collaboration.  

Online teaching is critical. There is no reason why Engineering 

qualification cannot be obtained through distance learning and 

thereby make it financially and practically possible to many 

more learners. The minimal critical practical events required 

for a course that cannot be experienced through video, could 

be arranged as "practical training days" with persons present.  

4IR should never phaseout or substitute face to face. Even 

current teachings are sadly lacking in people skills training 

which is and will remain an essential part of the industry. 

Every effort should be made to ensure professional people 

serve client people – 4IR can at best play a role to enhance 

such services, and can never substitute it.  

Students can e.g. do the initial part (say 6 months to 1 year) of 

their studies remotely to save costs and prove their academic 

ability and personal commitment before spending high fees 

and costs of attending physical classes. Teaching institutions 

can widen their reach and present courses or qualifications 

globally. Good lecturers or leading academics can present 

lectures or even full courses to more than one institution.  

Virtual labs and plants can aid giving some "practical" 

experience, but should not replace it completely. 

A mix would likely be most advantageous. Engineering is 

traditionally only offered for full time attendance on site at 

universities, with numerous inefficiencies incorporated, while 

there is adequate scope for distance/ online learning. 

Technology now allows for virtual laboratories and simulation 

programs to be used. These tools could be developed further 

for specific applications. Certain practical and group 

assignments could be on site. Certain interactions must be 

face to face on a regular basis. The digital design tools would 

however highlight the necessity to define the reservation of 

work for qualified engineers with the required qualifications 

and experience. 
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