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Executive Summary
A magnanimous task rests upon the shoulders of the Post School Education and Training (PSET) to
re-create, re-imagine, re-purpose institutions to respond to the 4th Industrial revolution (4IR). This
is because, as Schwab states, “concurrent to the technological revolution are a set of broader socioeconomic, geo-political and demographic drivers of change, each interacting in multiple directions
and intensifying one another”, (Schwab; 2016: 05). For the nexus between employment, education
and technology, the revolution demonstrates that the skills of ‘yesterday’ are increasingly becoming
‘obsolete’ today. Sadly, most tertiary institutions still run curriculums that were designed for the
3IR, in fact, some curriculums predate the 3IR. Hence there needs to be a merging of technology
and pedagogy in order to meet the demands of the 4IR.
Further, employment trends signal that “the well-paying jobs will involve creativity, data analytics,
and cyber security, as there is currently a global dearth of talent in this area,” (Gleason, 2019: 04).
Without these basic capabilities amongst our workforce and graduates, 4IR will not be sustainable
as there will be a lack of skilled personnel to operate, coordinate and manage systems that utilise
4IR technologies.
The changing face of Financial services, and other industries demand a new bouquet of skills that
PSET institutions are not well-positioned to respond to. In order to reposition the sector and its
entities, this report offers useful insight to the challenges, and complexities associated with churning
out of 4IR skills for industry.
This report is divided into 7 chapters. The first chapter provides a Background to the study. It also
reviews industrial clusters internationally and in South Africa that are utilizing 4IR to their
advantage.
The second chapter details the research process for this report, the research methodology, sample
representation and limitations to the study.
The third chapter reviews PSET policy objectives as well as key skills requisites and capabilities that
current and future employees or graduates will need to possess to be employable in Industry 4.0. Its
point of departure includes a skills table of in-demand skills for 4IR.
Chapter 4 delves into the TVET College Curriculum and assesses its adeptness towards 4IR. This
chapter assesses challenges, gaps and lecturer skills levels.
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The 5th chapter concentrates on the University and UoT curriculum and highlights qualifications
related to 4IR at these institutions.
Chapter 6 reviews BankSeta’s role in funding programmes from a policy perspective.
Finally, Chapter 7 sets out recommendations for the PSET to align towards 4IR.
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Chapter 1: Background to the Study
This report assesses the adeptness of our PSET (PSET) system to prepare graduates for the 4th
Industrial Revolution (4IR) and the skills demand thereof. The PSET system in South Africa is
comprised of both public and private Universities, Universities of Technology (UoT’s) and Technical
and Vocational Education and Training (TVET) Colleges, Sector Education and Training Authorities
(SETA’s) and regulatory bodies responsible for qualifications and quality assurance in the post-school
system – the South African Qualifications Authority (SAQA) and the Quality Councils. (White Paper
on Post School Education & Training, 2013)
4IR can be defined as a period characterised by the convergence of cyber, physical and biological
worlds (Schwab, 2016:01). Key signifiers of this revolution comprise Internet of Things (IoT), Artificial
Intelligence (AI), 3D Printing, Advanced Robotics, Autonomous vehicles and biotechnology (Schwab,
2016: 14-27). Industry 4.0 utilises these emerging technologies to enhance efficiency, automate
systems, develop better forecasting models and ultimately restructure organisation, workflows and
knowledge. A typical technology ecosystem as applied in the context of Industry 4.0 is seen in Figure
1.

Figure 1 Overview of the Technology Ecosystem in Industry 4.0.
The changing world of work since the advent of 4IR is not an entirely new phenomenon in itself. It
is important to note that each successive industrial revolution has had, as the name suggests a
disruptive influence, in the manner that society worked, travelled, communicated, and lived. In the
short term each revolution brought an initial carnage to the job ecosystem taking away thousands
Page 4 of 79

of jobs. The tractor took away thousands of ploughman jobs, the internet all but eradicated the role
of the postman with a more recent casualty being the print media such as newspapers, while word
processors replaced typing pools. Over time repetitive, so-called semi-skilled jobs have disappeared
and new systems emerged.
In 2016, a pioneering report entitled the Future of Jobs: Employment, Skills and Workforce Strategy
for the 4th Industrial Revolution was released by the World Economic Forum (WEF). This report
heralded the beginning of much discourse around jobs, occupations and skills needed for the 4th
industrial revolution. The report asserts that “as industries adjust, most occupations are undergoing
a fundamental transformation. While some jobs are threatened by redundancy and others grow
rapidly, existing jobs are also going through a change in the skill sets required to do them” (Schwab,
2016: 05).
Significantly, 4IR makes a fundamental departure from other Industrial Revolutions by creating a
shift from human-centric organizations to techno-centric organizations. Industries no longer have
to rely on human capabilities to perform a job function, they have rather replaced these capabilities
with machines, programmes and codes and data. These mechanisms work simultaneously and are
synchronized to enhance efficiency in industries. The changing nature of work has shifted
employment trends. In the context of Industry 4.0, “employment growth is expected to derive
disproportionately from smaller, generally highly-skilled job families that are unable to absorb job
losses coming from other parts of the labour market” (WEF, 2016:14).
Further, according to Schwab (2016:12):
“Fast-growing economies such as China have experienced a significant decline in the share of labour
as a percentage of GDP. This decline is due to the increased substitution of labour by companies
with investment goods”
As such, the replacement of labour across the globe has created broader concerns about the
influence of the 4th industrial revolution on equality, employment and inevitably education.
Essentially, the labour market is now skewed towards attracting highly-skilled individuals and
automated systems which our current PSET system is not prepared for. The impetus for retraining,
reskilling, upskilling and deskilling is prevalent among the intersections between employment,
occupations and emerging technologies.
It is in this context that we foreground the relevance of this report to understanding the South
African dynamics with reference to the PSET system and its alignment towards 4IR. The adoption of
new technologies is becoming concretised in many industries in South Africa. The BankSeta Sector
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Skills Plan (SSP) (2020-2025) notes that “South Africa’s digital skills (116th) and critical thinking skills
(78th) of the current workforce are inadequate for the progress of a successful economy in 4IR”,
(2020: 21). The future economic outlook of the financial services sector and other sectors within
South Africa depends on the skills it is able to invest in and acquire from its own habitat.
Academics, politicians and practitioners alike have underscored the importance of adapting our
education system to adequately prepare graduates for 4IR and Industry 4.0. Former Minister of Higher
Education, Dr Naledi Pandor placed emphasis on this when she noted that "If we intend to take full
advantage of 4IR, all our universities and colleges should be offering such courses,” (Mzekandaba,
2019).
According to Professor Marwala of the University of Johannesburg “as the digital age transforms the
way in which people live, it will also have an impact on the economy and on jobs. New trades with
new skills will be created and some jobs that are currently being done by humans will be replaced
by automated systems.” (Chauke, 2018) Indeed, as our industries are transmuting to embrace 4IR
technologies, the skills demand spawned by the 4th industrial revolution is becoming more eminent.
The next section reviews Industry 4.0 and the common applications utilised in Industry clusters.

1.1. Industrial Clusters: The Transition from Industry to Industry 4.0: International
Overview
The aforementioned 4IR technologies, namely, artificial intelligence (AI), augmented and virtual
reality (AR and VR), data science, digital biology and biotech, medicine, nanotechnology and digital
fabrication, cloud, networks and computing systems, robotics, and autonomous vehicles are now
being adopted by industry. Most businesses are facing challenges in dealing with big data issues of
rapid decision-making for improved productivity. This may be attributed to the dearth of analytical
tools for the management of big data (Lee, Kao and Yang 2014). More concerning is that social
economic factors such as lack of skilled workforce, and aging population have become problematic
for today’s business environment (Lee, Kao and Yang 2014). As a consequence, companies are
beginning to change and align their business model and organizational structure to accommodate
the rapid transformation in the digital era. By harnessing of 4IR, organizations are now effortlessly
improving the standard of living of people by providing customized and high-quality products to
consumers (Waibel et al. 2017). This section reviews key 4IR technologies as it is applied and utilized
in industry.
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Internet of Things (IoT)
According to Xia et al. (2012), the Internet of things (IoT) is an inter-networking world where various
objects are embedded with electronic sensors, actuators, or other digital devices which primary

Figure 2 Internet of Things to hit the Mainstream 2020
purpose is to collect and exchange data. Hence, the IoT offer an advanced network connectivity of
both physical objects, systems, and services thereby promoting object-to-object communication and
data sharing (Zhong et al. 2017). More than a trillion sensors is expected to be connected to the
internet in the next decade (World Economic Forum, 2019). It can therefore be assumed that when
everything is connected, it will transform how we do business and help us manage resources more
efficiently and sustainably. Furthermore, the connected sensors will be able to share information from
their environment and organize themselves to make our lives easier and safer. For example, it is
assumed that self-driving vehicles could “communicate” with one another, preventing accidents. By
2020 around 22% of the world’s cars will be connected to the internet (290 million vehicles), and by
2024, more than half of home internet traffic will be used by appliances and devices (Figure 2).
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Big Data
With the advent of internet and the push towards information technologies worldwide, people are now
leaving trails of data which have become more accessible and complex for many businesses. This has
consequently resulted to big data (Manyika et al. 2011). According to the report by Rich (2012), big
data could emanate

from sources such as sensors, devices, video/audio, networks, log files,

transactional applications, the web, and social media feeds. Big data analytics is now widespread in
multiple industries and it is not just internet giants like Google or giant retailers such as Tesco that
have benefited from big data analytics (Table 1). In fact, Fedak (2018) hinted that organizations from
the banking and financial services to healthcare and government depend on the analytics of big data.
This strongly reinforce the earlier assertion made by Zhong et al. (2017) that there are numerous
applications of big data analytics from e-commerce companies and financial investment institutes.

Table 1 Industrial clusters of big data analytics applications

Industries/Countries

Main purpose

Google, USA

Refining its core search and ad-serving
algorithms
Tesco: precise promotions and strategic
segmentation of customers
Amazon: accurate recommendations for
customers
Wal-Mart: supply-chain optimization

Retailers, UK and USA

Biopharmaceutical industry,
USA

Reducing process flaws
Eliminating yield variation

Remote monitoring application
for heavy-duty equipment vehicle, USA

Assessing and predicting the
health of the diesel engine component

Tata Motor, India

Premier Healthcare Alliance
(vendor: IBM), USA

Driving quality and reducing cost in
manufacturing process
Increasing customer satisfaction level
Improving patient outcomes
Reducing expenditure

General Electric (Global Software and Analytics
Center), USA

Boosting industrial product sales
Reducing after-sale maintenance cost

Aerospace industry, USA

Predicting number of returns in the future
Minimizing product escapes
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Cloud computing
Several reported studies (Xu 2012; Hashem et al. 2015) refers to cloud computing as the delivering
computational services for many users over the Internet. Moreover, cloud computing is one of the key
features of the 4IR concept, as it allows the flexibility and scalability of business (Zhang, Cheng and
Boutaba 2010). Given the effectiveness of cloud computing for businesses, it is no surprise that its
application (Table 2) ranges from healthcare to education to transportation and manufacturing (Zhong
et al. 2017).
Table 2 Cloud computing application in clusters industries

Industries/Countries

Main purpose

Business, France

Proposing a method for cloud business applications

National Natural Science Foundation, China Presenting a hybrid information fusion approach
Business and healthcare, UK

Developing cloud computing in the life sciences

IT and business, UK

Highlighting aspects and uniqueness of
cloud computing

Manufacturing, Iran

Proposing a service-oriented approach

Education, India

Outlining the benefits of using cloud computing
for students

ICT, China

Proposing a forensic method for efficient file
extraction

ISO-New England, USA

Developing cloud-based power system
simulation platform

Transportation, China

Formulating a new entropy-cloud approach

3-D Printing
3D printing is a process of creating three-dimensional solid objects based on digital schematics, and
thus could be considered a relatively emerging technology that is rapidly gaining much ground in the
21st century (Long et al. 2017). Xu et al. (2018) revealed that 3 D printed objects are created using
additive processes and putting down successive layers of materials until the entire objects are created.
As a consequence of this unique mode of production, 3-D printing is found useful in various industrial
clusters including automobile, architectural designs, aerospace, industrial machinery, healthcare,
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consumer products, defense, and has also become a subject of several academic research (Dodziuk
2016; Xu et al. 2018).
Whilst 3 D printing is often viewed as a futuristic technology (Choonara et al. 2016), China, for
example, were already researching on 3 D printing in the early 1990s (Xu et al. 2018).

Caffrey and

Wohlers (2015) in their annual reports revealed that China is ranked third in the world in terms of the
total number of industrial 3D printing systems, thus accounting for 9.2% of total global installations.
According to the report published in the Journal Popular Science, in 2014, doctors in China gave a boy
a 3D printed spine implant (Fedak 2018).

Cyber-Physical Systems
Cyber-physical system [CPS] is described as the connection and communication between software
components and mechanical and electrical parts through wired or wireless data infrastructure like the
internet (Waibel et al. 2017). Essentially, it is sufficient to assume that CPS is a fusion of the physical
and the virtual worlds (Guerrieri et al. 2016; Chen, Ho and Chiu 2017). According to the claim made
by Waibel and his co-authors, CPS had made it possible to monitor and steer production systems in a
very effective way (Waibel et al. 2017). Particularly, and to ensure the sustainability of manufacturing
sector, networking of cyber-physical equipment and machinery could be essential as a response to the
growing production requirements (Waibel et al. 2017). This is particularly useful to create a smart
factories where workers are not required to run routine task (Waibel et al. 2017). Consequently, it is
assumed that direct communication will become minima in some specific areas due to the ability of
cyber physical systems to communicate with each other (Waibel et al. 2017). For this reason, many
industries have initiated projects in the CPS domain (Zhong et al. 2017). For example, it is reported
that Festo Motion Terminal makes full use of an intelligent fusion of mechanics, electronics, embedded
sensors and control, and software/applications (Digital pneumatics 2017). Other notable applications
of CPS can be found in Table 3. It can be gleaned that the advances of CPS had has a tremendous
effect on many fields, including medicine and healthcare, biology, civil structures, autonomous
vehicles, intelligent manufacturing, and power distribution.
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Table 3 Industrial clusters of CPS application

Industries

Countries

Power systems

USA & Canada

Children keeper service

Korea

Water distribution networks USA
Civil structure

USA

Fire handling

China

Autonomous vehicles

USA & Germany

Intelligent manufacturing

Sweden & USA

Healthcare

Brazil

Communication

China

As is evident from the above examples, 4IR technologies are now being utilized in various industries
ranging from Healthcare to Transportation. The remarkable benefits of 4IR, particularly in the
automation of traditional industries have attracted increasing investments from both governments
and industries around the world. Although the complexities and intricacies of 4IR technologies are
still in the embryonic stage of development and more futuristic, the broad scope of their potential
applications have become increasingly important in today’s industrial sectors.

Thus, this has

consequently offered great opportunities for multidisciplinary collaboration amongst industrial
experts, computer scientist and engineers (Zhong et al. 2017). Moreover, countries, particularly the
developed ones like USA and Germany as well as emerging economy like China have invested heavily
and developed strategies for maintaining competitiveness in the global economy.
The next section reviews some of the strategic plans and projects around the world in the context
of 4IR and Industry 4.0.
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1.1.1 Germany Industrie 4.0
Germany is a leading country driving 4IR transformation. Multi-sectoral relevance is important when
one realizes that Germany notes 4IR to be a national strategic initiative driven by three ministries,
namely:
•

German Government

•

Ministry of Education & Research

•

Ministry of Economic Affairs and Energy (BMWI)

The concept of industries 4.0 was proposed in 2011 and officially launched in 2013. Accordingly, the
Industrie 4.0 strategic plan is pursued over a 10-15-year period and is based on the German
government’s High Tech 2020 Strategy. According to Kagermann, Wahlster and Helbig (2013), the
strategic aim of the Industrie 4.0 was to create manufacturing industries occupied by intelligent
machines and products where intelligent systems and networks are able to communicate with each
other independently. This is also reflected in the statement made by the German Chancellor, Angela
Merkel on the strategic plan for Industrie 4.0.:
“We must (…) deal quickly with the fusion of the online world and the world of industrial
production. In Germany, we call it Industrie 4.0.” –
The German manufacturing industry is known and admired for its excellent quality products. The
strategic goal of Industrie 4.0 is to maintain the competitiveness of their product through research
support, the networking of industry partners, and standardization. In an attempt to achieve the
Industrie 4.0 strategic mandate, the Germany government is focusing on research into the underlying
technologies for manufacturers such as intelligent sensing, wireless sensor networks, and CPS (Zhong
et al. 2017).
Table 4 gives an overview and step by step strategic plan of the Industrie 4.0. It can be gathered
that the German government had opted for a mixed funding model which included a public and
private partnership to drive the strategic plan. The convener of the Industrie 4.0 BMBF and BMWI
have jointly allocated €200 million in funding (European Commission 2017).
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Table 4 Overview of Germany Industrie 4.0 strategy

Main points

Content

Policy lever (s)

Publicly-backed and steered initiative that is implemented through
stakeholder dialogue

Funding Model

Mixing public funding with private financial and in-kind contributions;
offering between a two to one or five to one ratio between private to
public investment

Target Audience

Manufacturers/producers, SMEs and policy-makers

Impact & Focus

Digital innovation and ICT market; transformation of business models and

Areas

product/service delivery

Key drivers

Idea development by research actors, reform experience in production
and pro-active unions

Key barriers

Competition among leading ICT players and shop-floor-level involvement

Implementation

Comprehensive research agenda and I40 platform as a network

Strategy

foundation for digital transformation

Results Achieved

Reducing industry segregation, transforming research agenda into
practice, developing reference architecture and launch of platform with
150 members

Budget

EUR 200 million from BMBF and BMWI that is complemented by financial
and in-kind contributions from industry

Uniqueness Factor

Rapid transformation from research agenda into mainstream practice and
platform constitute the largest and most diverse I40 network globally

Value added for

A strategic initiative for consolidating technological leadership in

policy-markers

mechanical engineering and for helping policy-makers to push forward
I40 at all levels

Expected impact

Provide a consistent and reliable framework for developing Germany’s
competitive position in manufacturing through recommendations and
actions
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1.1.2 European Union
The European Union had also launched their own initiative termed Horizon 2020 that is tailored to
the Industrie 4.0 (Horizon 2020 2017).

Of interest, Horizon 2020, is its biggest ever research and

innovation program, with an estimated €75 billion of funding available over seven years (2014–2020).
Under Horizon 2020, the new contractual public-private partnership (PPP) on Factories of the Future
(FoF) will build on the successes of the European Union’s 7th Framework Program for Research and
Technological Development (FP7 2007–2013) FoF PPP. The FoF multi-annual roadmap for the years
from 2014 to 2020 sets a vision and outlines routes toward high added-value manufacturing
technologies for the factories of the future, which will be clean, high performing, environmentally
friendly, and socially sustainable.

1.1.3 The USA
The USA strategic plan is viewed from the lenses of the industrial internet of things (IIoT) introduced
by the GE in 2012. According to the report by Evans and Annunziata (2012), the three major
components of the Industrial Internet are intelligent equipment, intelligent systems, and intelligent
decision making (Evans and Annunziata 2012). In paving a way forward to achieving this, the
Industrial Internet Consortium (IIC) was formed in 2014 to provide a more robust resources, ideas,
pilot projects, and activities about IIoT, particularly the security of these emerging technologies
(Industrial Internet consortium 2017). As such, IIC had support of mega USA brands such as GE, AT
&T, Cisco, Intel, and IBM. Moreover, Zhong et al. (2017) moots that with a network of machines,
materials, workers, and systems, the IIoT will ultimately achieve the smart factory in Industry 4.0.
In addition, innovative IT technologies such as cloud computing, virtual reality, and big data is of
particular importance to the United States policy in driving their perceived dominance in the 4IR
(Posada et al. 2015).
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Figure 3 Industrial Internet of Things (IIoT)

1.1.4 People’s Republic of China
The Made in China strategy was introduced by the China’s State Council in May 2015. The strategy
has a 10 year plan (2016-2025) that is aimed to upgrade the countries manufacturing capacity in
order to match other notable economy powers such as the USA and Germany (Zhong et al. 2017).
Hence, the Made in China could be considered as China’s version of industries 4.0. , the blue print
for the plan was developed jointly by China's National Development and Reform Commission (NDRC)
and by the Ministry of Science & Technology, with additional inputs from the Ministry of Industry and
Information Technology and other constituencies Interestingly, China has a more ambitious plan that
seek a world dominance in the digital era and “Made-in-China 2025” is the first-stage of a “three
phase” grand plan. According to some reports, the core objective of this plan is to see China become
a world manufacturing power from the current grand production workshop of the world. Thus, the
plan focuses on improving the quality of products made in China, creating China's own brands,
building a solid manufacturing capability by developing cutting-edge advanced technologies,
researching new materials, and producing key parts and components of major products (Li 2018).
Accordingly, and to meet the strategic goal of the plan, the State Council of China has pinpointed
and prioritized 10 critical areas to roll out the plan. These includes:
•

Next-generation information technology,

•

High-end numerical control machinery and robotics,

•

Aerospace and aviation equipment,
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•

Maritime engineering equipment and high-tech maritime vessel manufacturing,

•

Advanced rail equipment,

•

Energy-saving and new energy vehicles,

•

Electrical equipment,

•

Agricultural machinery and equipment,

•

New materials, and

•

Biopharmaceuticals and high-performance medical devices.

Furthermore, the proposed plan also seeks to establish 4.0 manufacturing innovation centers by
2025. Hence, the Chinese government has also proposed some specific strategic plans in order to
support their ongoing manufacturing transformation. These include (Wang et al. 2016).:
•

Guidance of the State Council on Promoting Internet+ Action,

•

Guidance of the State Council on Deepening the Integration of Manufacturing and the
Internet, and

•

The 13th Five-Year Plan on the National Program for Science and Technology Innovation

The report now turns its attention to South Africa and the adoption of 4IR technologies in various
industries.
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1.2. The Transition to Industry 4.0: The South African Context

Figure 4 Showing the main sectors contributing to the GDP
of South Africa (Statistics South Africa (2017)
Much of South Africa’s growth can be attributed to paradigm shift from primary sectors which were
majorly agricultural, and mineral based economy to a more diversified economy (Figure 4). In
particular, finance, real estate, and business (22%), wholesale and retail trade, tourism and
communication (15%), and manufacturing (13%) contributes the highest return of the South Africa
Gross Domestic Products (GDP). The growth in these sectors are being driven by automation and
technological advancements.
The extent to which Industry 4.0 is developing in South Africa differs across all industry clusters.
Mixed reporting on the digitalization scenario for industries in South Africa suggests that some
industries face greater challenges than others. A common concern and challenge for all industries
and sub-sectors in South Africa is the interplay between adopting new technologies and acquiring
relevant talent and skills. PwC (2018) reported that there are no South African companies among
the ‘digital champions’ in their global study on manufacturing industries and digitalization. The
adoption of emerging technologies like Artificial Intelligence (AI) by South African companies is
largely dependent on skills and cost factors South African companies are more likely to adopt
‘cheaper’ technologies in their business such as robots (World Wide Worx, 2019).
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The Industrial and Manufacturing Sector in South Africa:
The manner in which South African firms implement disruptive technologies depends on a number
of factors including (DTI, 2019: 17 & 21):
•

the ability of the said technology to disrupt a particular value-chain or an entire ecosystem;

•

whether the particular sector has high or low labour costs,

•

and (in cases where South African companies are subsidiaries of MNC’s) the type of
technologies the lead company is implementing.

The impact of 4IR technologies is industry-wide and worth noting (DTI, 2019: 14-17):
•

Additive Manufacturing (3D Printing) has been implemented and reduces time in product
development across a variety of sectors,

•

Advanced Manufacturing and Automation utilizes Internet of Things, Robotics and machine
learning to enable ‘smart factories. This is viewed a particularly useful in Agriculture, Mining
and Construction industries. In South Africa, the implementation of robotics has been
implemented in the food packaging industry,

•

Bell Equipment (truck manufacturer) is investigating the development of autonomous
vehicles which, if implemented, will ultimately cause disruption across the automotive,
transport and energy sectors,

•

The retail industry, through e-commerce, has facilitated the introduction of international
online retailers to the South African market. This has implications for trade and retail and
finance.

The manufacturing, mobility, industrial and trade industries in South Africa are being significantly
impacted by 4IR, even though the pace of technology adoption across industries is varied.
This is in line with trends in the mobility industry internationally as the automotive manufacturing
sub-sector is being remodeled with emerging technologies that affects employment in many
industries. The most distinctive 4IR technologies applied to the sector are (WEF, 2016: 15)
•

Advanced Robotics

•

Autonomous Transport

•

3D Printing and

•

New Energy Supplies
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Importantly, need for a digital skills policy for the sector is highlighted. For instance, the report
recognizes that on the one hand, robots are replacing low-skilled labour and simultaneously, there
is a huge demand for software engineering, data science and data analytics skills across all sectors.
The World Economic Forum (WEF, 2016: 15) highlights that increases in employment since the 4th
industrial revolution has been concentrated the Computer and Mathematical job family. For
instance, the increased employment of Big Data Analysts and Software and Application developers
is evident in the below listed industries:
•

Financial Services & Investors,

•

Media, Entertainment and Information,

•

Mobility and Professional Services

Hospitality & Tourism Sectors:
This year, 2020, the Department of Tourism has invested in developing a digitalization framework
for its industry and sub-sectors. The World Travel & Tourism Council revealed the sector contributed
1.5 million jobs and R425.8 billion to the economy in 2018. As a priority sector for government,
President Ramphosa predicted:
“…in a few years to come, a tourist will land at our airports and have a self-driven car taking them
to pre-programmed tourist destinations. We might soon have to design tourism offerings for
robots.” (Guest, 2020)
The extent to which digitalization may affect employment in the Tourism and Hospitality industry in
South Africa remains to be seen.

Industry 4.0: The Banking & Financial Services Sector in South Africa
The Banking and Financial Services sector in South Africa has been undergoing fundamental changes
in terms of digitalization and significantly these changes are occurring faster than most other
industry clusters. This is due, in part, to the introduction of new role players in the Financial Services
space both internationally and in South Africa (Wright, 2019). The traditional architecture upon
which banks have long operated is now under review and being restructured in line with 4IR demands.
The technological drivers of change within the sector are (WEF, 2016: 12):
•

Mobile internet, cloud technology

•

Processing power, Big Data
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•

Internet of Things

•

Sharing economy, crowdsourcing

•

Robotics

•

Artificial intelligence

These technologies are driving growth and business transformations within the sector.
Notwithstanding certain challenges, such as cybersecurity, the continued usage of such technologies
into 2020 is expected. A snapshot of how these technologies are being adopted within the sector is
provided below (Duggan, 2020):
•

Mobile payments: this is fueling the e-commerce industry especially in rural areas as more
widespread adoption and acceptance is occurring.

•

Artificial Intelligence (AI): Hyperpersonalisation and consumer-driven insights continues to
be boosted through AI technology as products are engineered by the financial services and
partner sectors based on payment patterns of consumers.

•

Internet of Things: This technology is being harnessed to leverage huge amounts data and
assists the aforementioned technologies with data intelligence.

•

BlockChain Technology: “Blockchain is ideal for the delivery of smart contracts, digital
payments and even identity management, making it immensely powerful in combating
fraud and the efficient use of Blockchain will be at the forefront of creating a far more
secure transaction process.”

In addition, the Fintech is an important player in the financial service space. Fintech’s are defined
as advanced technology firms that have the potential to transform financial services spurring the
development of new business models, applications and whose products and services are directly
applicable in the delivery of financial services. Fintech’s employ a number of 4IR technologies such
as Blockchain to enhance their innovation mechanisms (see Figure 5).
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Figure 5 Fintech Applications

1.3. Conclusion
Industrial clusters have implemented 4IR technologies to enhance competitive advantage globally
and regionally. More advanced economies have designed strategy to streamline the implementation
of Industry 4.0. These strategies have been cognisant of the role of education in developing the
requisite skills needed for the 4th industrial revolution.
In South Africa, government and multi-national corporations are investigating the implementation
of 4IR technologies in their organisations if they have not already adopted the usage of such
technologies. The potential for growth and transformation across all industries, with the adoption
of 4IR technologies is emphasized however the dearth of advanced skills in 4IR is tangible.
The next chapter reviews the Research Process undertaken to conduct this study.
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Chapter 2: Research Process
Qualitative methodology is the primary research method that guided the development of this
report. The following research questions guided the development of the report:
1. What technologies are changing in industry in line with the industry clusters used for GDP
statistics?
2. What are the broad skills required in the 4IR for each industry cluster?
3. What are the courses, subjects and programmes that are offered at universities and
Universities of Technology that produce graduates that work in the 4IR space?
4. What are the gaps in the TVET curriculum and what skills will be required by lecturers to
meet the training needs of industry in 4IR?

Secondary Data Collection: Desktop Research Methods:
Secondary data collection was conducted throughout all phases of the report development due to
the everchanging nature of the research area. New developments, concerns and dynamics
contributing to the research area of the Alignment of the PSET towards 4IR was recorded on a
continual basis.
Secondary data collection was conducted through a variety of desktop research collection
processes. This included:
•

a literature survey of academic articles/ journals relevant to the 4th industrial revolution
using key words/ phrases such as: ‘
✓ ‘4th industrial revolution and skills demand’;
✓ ‘Industry 4.0 and new and emerging technologies’;
✓ ‘adapting education systems for the 4th industrial revolution’,
✓ ‘skills needed for 4IR’, and
✓ Skills demand by industry 4.0’.

•

a literature survey of Government gazettes, White Papers, and other supply-side policies
were also consulted, specifically:
✓ The White Paper on Post-School Education and Training (DHET, 2013);
✓ National Skills Development Plan (NSDP);
✓ Occupations in High Demand
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•

A literature survey of key economic reports such as the World Economic Forums ‘Future of
Jobs’ (2016 and 2018) reports were consulted in assessing the impact of 4IR on industries
and GDP growth globally;

•

A review of online articles to assess public opinion on 4IR and skills alignment in South
Africa and globally were consulted;

•

Searches of websites of institutions of higher learning in South Africa were undertaken to
generate a table of courses offered at South African universities that are relevant to 4IR.

A comprehensive response to the above research questions from the standpoint of the available
literature is provided henceforth in this report.

Primary Data Collection
The primary data collection in the form of focus group discussions (FGD’s) and insight workshops
were held to obtain information with reference the research questions. Specifically, the objective
of the workshops was to gain insight into the alignment of the PSET sector towards 4IR. Three FGD’s
were held with the purpose of obtaining this information. 2 FGD’s were conducted in KwaZulu-Natal
and 1 was conducted in Gauteng.

Sampling Method:
A purposive sampling method was employed to access participants specific to the research area.
Participants were contacted via the following methods:
•

Email Correspondence

•

Telephonic correspondence

•

In-person visits.

Through this sampling method, people in the following areas were deemed to be critical to obtaining
relevant information on the research area:
•

Academics and lecturers at Universities, UoTs, TVETs, private education providers (academics
and lecturers primarily within the IT, STEM and teaching and learning faculties we identified).
Although, this was not restricted to these faculties in the recognition that 4IR is impacting
all disciplines.

•

SETA skills experts and those individuals working with skills development programmes and in
in partnership with Higher Education Institutions (HEI’s) and other stakeholders

•

Practitioners in the field of education, skills development and 4IR
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•

Industry experts, banking and financial sector professionals including participants from the
Big Four banks in South Africa and Insurance professionals

•

Educational governance bodies such as DHET were identified

•

Researchers in the area of 4IR technologies and education were also invited

The FGD’s were not restrictive in terms of conducting the discussion with only one particular segment
of participants as it was understood that all participants would add value to the questions posed.
The discussions did however constitute more participants from one specific cluster of the broader
sample.
•

FGD 1: Constituted primarily academics, lecturers from the IT discipline as seen in Figure 6
below.

•

FGD 2: Constituted primarily Banks and BankSeta professionals as seen in Figure 7 below.

•

FGD 3 involved a 100% representation from TVET Colleges.

Participant involvement was high and broad and insightful discussions were conducted that are
regarded of high-value to research area and the banking sector.
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%
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Figure 7 Participant sector representation in FGD 1
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Figure 6 Participant Sector Representation in FGD 1
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Other
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DHET

Figure 8 Participant Sector Representation in FGD 2

Research Questions for the FGD’s:
These semi-structured interview questions were prepared to guide the FGD participants and glean
the necessary information. Depending on the sector which dominated the grouping, certain
additional questions were asked to lead and facilitate the discussions. For example, banking sector
professionals were posed more industry-related questions as opposed to academic-related questions.
2.1. What 4IR technologies does your institution/SETA/ company/ TVET college make use of?
2.2. What courses and subjects are being implemented by your institution to align to 4IR?
2.3. To what extent are courses designed with or taught in collaboration with industry/
practitioners?
2.4. What kind of skills are required by University/ TVET/ UoT lecturers to teach the curriculum?
2.5. Are the skills and experience that lecturers/ TVET lecturers currently have appropriate to
teach courses that incorporate 4IR concepts?
2.6. Are students/ learners practically exposed to 4IR concepts/technologies in the classroom? If
so, how has this been implemented?
2.7. What challenges are TVET's facing in aligning the courses/ subjects towards 4IR?
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2.8. What can be done to bridge the gap between current courses in order to include more 4IRrelated courses?
2.9. What are banks and other industries doing to address the skills gap? What interventions have
been implemented by your company/division to prepare students from the demand-side?
2.10. What can SETA's do to assist TVET’s/ Universities/ Education institutions with their
challenges/ improve their courses towards including 4IR concepts and practical aspects?

Recording and Data Privacy:
The transcriptions, names and identity of participants are secured through locked files and are
treated as strictly confidential.

The Data Analysis process:
Once transcribed, the research team identified the main themes using NVIVO coding. The themes
were then analyzed further in terms of writing up the findings for the purposes of the report.
Discussions surrounding the findings are discussed further in Chapters 4,5 and 6.

Validity of the findings:
Similar findings pertaining to the below areas were obtained in all three focus group discussions:
✓ The alignment of the PSET to 4IR
✓ The available courses for students relating to 4IR
✓ The challenges faced by HEI’s in producing graduates for industry
✓ The challenges faced by industry in funding the right skills for 4IR.
In some areas, these finding are corroborated by the literature, in other areas, they act to fill gaps
in existing literature.

Limitations:
Limitations were experienced in the data collection phase of the research, particularly with:
✓ Obtaining more information from relevant industries due to a reluctance to share information
that could compromise their competitive advantage,
✓ Obtaining information from leading experts in 4IR,
✓ Obtaining information from SETA’s
✓ Obtaining information from more TVET colleges,
✓ Obtaining information from HEI’s in the Western Cape
Page 26 of 79

✓ Obtaining information from private education providers
The limitations were mainly due to a lack of availability of invited participations to participate in
the sessions held.
Attempts were made to offset these limitations by:
✓ Generating and issuing online questionnaires through Google forms, some of which were
responded to.
✓ Conducting telephonic interviews
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Chapter 3: The Demand of the 4th Industrial Revolution on the Skills
System
The 4th industrial revolution is placing unserviceable demand on the global skills system because
systemic change is required rather than change targeted at a single skills area. This means that the
entire skills ecosystem requires restructuring. This restructuring needs to happen in conjunction with
broader organizational and national policy changes. Hence, the review of any skills system needs to
take place in collaboration with organizations, government, education providers and nongovernmental organizations in order to be responsive to the needs of industry and make graduates
more employable.
The previous section demonstrated that industries are rapidly making the transition to digitalization
with the adoption of 4IR technologies. In this section we present an overview of existing supply-side
policies and the new strategies and policy changes underway to recondition the PSET system to
better align to the needs of 4IR. Finally, we discuss the type of skill sets that graduates must possess
to become employable in the mega-technologies shaping 4IR. We focus on Artificial Intelligence,
Blockchain and IoT as these are the main drivers of change within the Financial Services sector.

3.1. Supply-Side Policies for the PSET and 4IR
From a policy-level perspective, certain policy changes are needed to condition the education system
into repurposing their qualifications and repositioning their approaches to suit the needs of 4IR.
Some policy changes have already been initiated at various levels.
The DHET is the overarching entity that governs the PSET sector. In the ambit of skills development
and training, a number of strategic plans/ policies serve to guide the direction of post-school
entities, namely universities, TVET colleges and SETA’s. We concentrate on two policies that are of
high relevance for the purposes of this report, namely:
•

The White Paper on PSET (DHET; 2013)

•

National List of Occupations in Demand (Government Gazette; 2018)
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3.2. The White Paper on PSET:
The White paper on PSET (DHET, 2013: 04) sets out key policy objectives for the PSET system as
follows:
•

A post-school system that can assist in building a fair, equitable, non-racial, non-sexist and

•

Democratic South Africa;

•

A single, coordinated post-school education and training system;

•

Expanded access, improved quality and increased diversity of provision;

•

A stronger and more cooperative relationship between education and training institutions
and the workplace;

•

A post-school education and training system that is responsive to the needs of individual
citizens, employers in both public and private sectors, as well as broader societal and
developmental objectives.

These objectives underpin the basis on which Higher Education Institutions (HEI’s) operate in broader
society. One these objectives recognize the imperative for responsive HEI’s that are aligned to
national policy and developmental objectives. Responsiveness within the PSET system is fundamental
to addressing skills mismatch and aligning skills towards the 4th industrial revolution.
With the strategic aim of responsiveness in mind, the DHET with Honorable Minister, Mrs Grace
Naledi Mandisa Pandor established the Ministerial Task Team (MTT) on 4IR. The Terms of Reference
(ToR) for the MTT states that the objectives of the MTT are to (2019):
•

Identify current 4IR initiatives in institutions in the PSET system (significant programmes
directed at taking advantage of the 4IR) as well as external initiatives impacting on the
PSET system;

•

Analyse the impact of 4IR on the PSET system; and

•

Identify priority areas and interventions that should be undertaken by the Minister of Higher
Education and Training in order to advance digital skills and absorption by industry.

The policy recommendations that arise out of this task team is still to be released.

3.3. National List of Occupations in Demand: 2018
Recognizing the growing changes in the workplace, and the widening gap between available jobs and
skilled personnel, the Department of Higher Education (DHET), under the leadership of the
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Honorable Minister, Mrs Grace Naledi Mandisa Pandor published the National List of Occupations in
High Demand (2018). The overarching goal of the list was to guarantee the ease of identification of
current and future occupational demand in order to ensure that the goals of the National
Development Plan, the New Growth Path, and the Industrial Policy Action Plan are achieved. The
list also aims at improving the responsiveness of the Post-School Education and Training System
(PSET) to the needs of the economy, and the broader developmental objectives of the country
(DHET, 2018).
The list also assists the National Skills Fund (NSF), Sector Education and Training Authorities (SETAs)
and other organisations that provide bursaries and scholarships to allocate resources directed to
occupations that are in high demand.
According to DHET (2018:05), Occupations can be regarded as been in high demand if:
i.

They have shown relatively strong employment or wage growth over the past 5
years

ii.

They are expected to show relatively strong employment growth in the future

iii.

Have been identified as being in shortage in the labour market

iv.

Are new and are expected to emerge in the near future as a result of innovation,
technological advancements, the development of new industries, or the
implementation of government strategic priorities.

Of relevance to 4IR, the list identified white-collar occupations in information and
communications technology that are in high demand, including:
•

ICT project manager;

•

Data Management manager;

•

Application Development manager;

•

Information Technology manager;

•

Information Systems director;

•

ICT systems analyst;

•

Software developer;

•

ICT risk specialist;

•

Programmer analyst;

•

Developer programmer;

•

Applications programmer.
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The White Paper on PSET, the MTT on 4IR and the National List of Occupations in High Demand
are of relevance to giving direction to all PSET entities. In the context of 4IR, these policies
must collaboratively enhance skills interventions. In order to develop the right interventions
appropriate to 4IR and Industry 4.0, a deep understanding and recognition of the type of skills
in demand is needed.

3.4. Skills Required for Industry 4.0
The skills ecosystem in the context of 4IR must adopt a multifaceted skills approach that prepares
graduates for agile, cross-cultural, and innovative organizational settings. CEO’s, human resource
managers and other executives have highlighted that Industry 4.0 requires a combination of both
soft skills and technical skills. (Deloitte, 2018; IBM, 2019) In order for PSET institutions to manage
the development of graduates for a world governed by digitalization, a starting point would be to
understand why skills mismatches exist.
Skills mismatch in the context of the 4th industrial revolution exists due to the following reasons
(IBM, 2019: 06):
•

The pace of change within organizations is occurring faster than people are being trained and
upskilled with new skills;

•

The PSET system continues to train students for outdated organizational structures with
primarily traditional modes of learning (classroom & virtual learning) rather than for
organizational structures;

•

Many skills requirements demanded by the 4th industrial revolution are behavioral and these
skills are generally acquired through real-world work experience. Many students have limited
for opportunities to gain such skills until after they graduate;

•

Highly technical skills such as data science capabilities take longer to acquire. In addition,
these skills require the right foundational capabilities which many students in the PSET
system do not possess;

•

Technological advancements are constantly evolving with new innovations. This means that
the body of knowledge for a particular area (Artificial Intelligence for example) is being
impacted by a variety of sectors and different practices. This reality brings to the fore the
need for lifelong learning.

The framing of new skills categories is equally fundamental to understanding the complexity of the
4IR demand on our skills system. The following skills categories as listed in Table 5 were framed to
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understand the types of capabilities that are attached to specific categories. These skills categories
are discussed in more detail below.
Table 5 Skills categories for 4IR

Skills

Definition

Purpose

Examples

Teaching &
Training
Methodology

Workforce

Foundational to

To support

Literacy,

Readiness

individuals’ entry

youth in finding

Numeracy,

and ongoing

and

Digital literacy,

success in the

securing

Resume writing,

workplace, ranging employment,

Self-presentation,

from initial job

and

Time

search to

succeeding

management,

•

Team-based

maintaining

within the

Professionalism,

•

Project-

continuous

workplace

Etiquette, and

employment.
Soft Skills

Social norms

based
•

Practical
application

Personal

To support

Communication,

attributes,

youth as they

Critical thinking,

•

Experiential

Social skills, and

integrate and

Creative thinking,

•

Case

Communication

collaborate

Collaboration,

abilities that

with internal

Adaptability,

support

and external

Initiative,

interpersonal

workplace

Leadership,

relationships and

stakeholders,

Social emotional

interactions with

such as

learning,

•

Mentorship

others

customers,

Teamwork,

•

Coaching

co-workers, and

Self-confidence,

management

Empathy,

simulation
•

Business
exposure

•

Job
shadowing

Growth mindset,
and
Cultural
Awareness
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Technical Skills

Knowledge and

To give youth

Computer

capabilities

technical

programming,

to perform

or domain

Coding,

specialized tasks

expertise to

Project

perform job-

management,

specific tasks

Financial
management,
Mechanical
functions,
Scientific tasks,
Technology-based
skills, and
other jobspecific skills
(e.g., nursing,
farming, legal)

Entrepreneurship

Knowledge and

To support

Initiative,

abilities that

youth in

Innovation,

support success in

establishing

Creativity,

creating and

their own

Industriousness,

building a

business,

Resourcefulness,

workplace

supporting entry

Resilience,

opportunity or

into freelance,

Ingenuity,

idea

contract work,

Curiosity,

or gig work,

Optimism,

and/or

Risk-taking,

developing as a

Courage,

self-starter

Business Acumen,

within a work

and

environment

Business

•

Team-based

•

Projectbased

•

Practical
application

•

Experiential

•

Case
simulation

•

Business
exposure

•

Job
shadowing

•

Mentorship

•

Coaching

Execution
Lifelong Learning: A continuous process of gaining new knowledge and skills as individuals
progress through their professional and personal careers
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3.4.1 Behavioral/ Soft Skills
Precedence is given to strengthening behavioral skills due to its fit-for-purpose towards the workculture that defines Industry 4.0. “Executives are now tasked with continuously innovating and
succeeding in this constantly evolving landscape. And they recognize that navigating it requires
individuals who can communicate effectively, apply problem-solving and critical-thinking skills to
drive innovation using new technologies, and draw and act on insights from vast amounts of data. It
also calls for creativity and empathy, an ability to change course quickly, and a propensity to seek
out personal growth,” (IBM, 2019: 03). As such, employees required for Industry 4.0 need to be
susceptible to change, adapt to different environments, and navigate challenges with ease and
insight.
Related to cultivating soft skills in employees is the idea of Social and Emotional Learning in
educational settings. Studies within the area of education research have recommended the expansion
of curricula from early childhood development to post-school level to include Social and Emotional
Learning (SEL) to cultivate the development of intrapersonal, interpersonal and cognitive competence
in youth. Further, the reasoning that soft skills and related capabilities are more resistant to
automation is alluded to. These types of skills (soft skills and SEL capabilities) are decidedly “human”
traits that, for now, are irreplaceable by machines. (Deloitte Report, 2018: 17) Arguably, these skills
are not completely resistant to intelligent automation, AI and machine learning. However, they remain
the types of skills that are much more difficult to “imitate” by machines. Hence these types of skills
are regarded as of high-value to organizations as such capabilities can complement existing 4IR
technologies enabling humans to work alongside machines rather than being replaced by machines.
Wilson et al. (2017) argue that artificial intelligence will not merely replace workers with AI and
machine learning systems but rather create new jobs that are in fact human-centric. They outline 3
categories of employees that will be useful in the age of digitalisation namely:
•

Trainers: who will be required teach AI systems how to be more sympathetic and empathetic

•

Explainers: who can “explain the inner workings of complex algorithms to nontechnical
professionals”

•

Sustainers: who will play crucial role to ensure that AI systems function for their intended
purpose and are not exploited.

Wilson et al importantly note that “individuals in this role will act as kind of watchdog or ombudsman
for the upholding of human values and morals…” (2017: 16) In terms of PSET system curricula then,
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soft skills should be cultivated in order to manage and fulfil a governance role in terms of 4IR
technologies.

3.4.2 Technical Skills:
The current PSET system in South Africa and globally is under restraint as institutions (including
education governance bodies) are being impelled to deliver on skills capabilities that is beyond their
scope to deliver upon single-handedly. Fostering digital skills and knowledge requires collaboration
with industry and government. This speaks to the objective of the White Paper on PSET in terms of a
stronger and more cooperative relationship between education and training institutions and the
workplace (DHET; 2013:12).
As discussed earlier, employment growth in terms of technical skills are concentrated in the Computer
and Mathematical job family (WEF, 2016:15). Naturally, the propensity to develop skills related to this
job cluster must be high and PSET institutions must deliver on this imperative. The foundational skills
required in this job area are underpinned by capabilities in:
•

Statistics

•

Mathematics

•

Information & Technology

Other foundational technical skills that would support most careers in 4IR are as listed in Table 6.
Further this table delineates the main technical skills required for 4IR technologies.
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Table 6 Baseline skills that cut across different 4IR Technologies

Technical Skills category
▪

Data Analysis Skills

Coding & Programming

List of Skills
▪

Algorithm Skills

▪

Analytical Skills

▪

Big Data

▪

Calculating

▪

Compiling Statistics

▪

Data Analytics

▪

Data Mining

▪

Database Design

▪

Database Management

▪

Documentation

▪

Modeling

▪

Modification

▪

Needs Analysis

▪

Quantitative Research

▪

Quantitative Reports

▪

Statistical Analysis

▪

Applications

▪

Certifications

▪

Coding

▪

Computing

▪

Configuration

▪

Customer support

▪

Debugging

▪

Design

▪

Development

▪

Hardware

▪

Implementation

▪

Information Technology

▪

Infrastructure

▪

Languages
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▪

Maintenance

▪

Network Architecture

▪

Network Security

▪

Networking

▪

New Technologies

▪

Operating Systems

▪

Programming

▪

Restoration

▪

Security

▪

Servers

▪

Software

▪

Solution Delivery

▪

Storage

▪

Structures

▪

Systems Analysis

▪

Technical support

▪

Technology

▪

Testing

▪

Tools

▪

Training

Technical skills Specific to Emerging Technologies
Artificial Intelligence (AI) Skills •

BlockChain Skills

Algorithm skills,

•

Fuzzy logic system skills,

•

Natural language processing skills,

•

Expert systems skills,

•

Robotics,

•

Neural networks

•

Distributed Ledger Technology

•

Cryptography

•

Programming languages such as Viper,
Solidity & Chaincode

•

Business Acumen
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Internet of Things (IoT) Skills

•

Machine learning Skills

•

Knowledge of AutoCAD

•

Knowledge of Node.js and Raspberry Pi

•

Security Infrastructure

•

Security Engineering

•

Big Data

•

GPS Development

•

Electrical Engineering

•

Circuit Design

•

Micro-Controller Programming

Programming and coding skills are key skills that feed into IoT, BlockChain, and other emerging
technologies. Developing such skills at school level has been promulgated. The top programming
languages required in 2020 are indicated in Figure 9.
Data Analysis Skills is required for AI, IoT, Blockchain, Augmented and Virtual reality and is therefore
also regarding as key foundational technical skills for 4IR.
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Figure 9 Top Programming Languages
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The complexity of skills that contribute to the 4IR architecture is multifaceted and intricate. These
skills are intertwined and synchronized with the aim of innovation in mind. Of importance is that these
technical skills are relevant and highly sought after by a multitude of industries including the Banking
& Financial Services industry.
Artificial Intelligence (AI) Skills:
AI is an emerging technology has different levels of advancement. The three main levels are (PwC,
2019: 08):
•

Assisted Intelligence
Widely available today, improves what people and organizations are already doing. A simple
example, prevalent in cars today, is the GPS navigation Programme that offers directions to
drivers and adjusts to road conditions.

•

Augmented intelligence
Helps people and organisations to do things they couldn’t otherwise do. For example, car ridesharing businesses couldn’t exist without the combination of programmes that organise the
service.

•

Autonomous intelligence
Being developed for the future, establishes machines that act on their own. An example of this
will be self-driving vehicles, when they come into widespread use.

BlockChain Technology Skills:
According to a LinkedIn report, BlockChain technology has surpassed other emerging technologies in
becoming the top skill that companies require for 2020 (Pate, 2020) Importantly, like all emerging
technologies, BlockChain skills draw from other emerging technology skills sets. In this regard
capabilities in Blockchain also drawn on capabilities and knowledge in IoT and Big Data and vice versa
(IBM, 2018).
Multidisciplinary, Interdisciplinary & Transdisciplinary Skills
Evidently the above mega-technologies operate within a broader network and not in silos. The
implications for skills development then are that there is increasing demand placed on
multidisciplinary, interdisciplinary and transdisciplinary learning.
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With reference to the field of statistics, Anderson-Cook et al. (2019) propose that interdisciplinary
collaboration among statisticians and subject-matter experts in other disciplines is necessary in order
to provide innovative and creative solutions in decision-making and problem-solving.
In his public lecture to the University of Pretoria, Dr Gustav Rohde stated that “Engineering
practitioners will have to consider psychology (how people think, act, decide and behave), sociology
(how groups interact), communications (how engineering solutions are communicated), and ethics
(understanding the social and economic impact of their solutions). (Public Lecture, 2018) Therefore
another key feature of the nature of skills relevant to the 4th Industrial Revolution is that industries,
even those in the conventionally ‘scientific’ domain must now incorporate concepts from social science
and humanities disciplines if they are to effectively utilize 4IR technologies and provide holistic
solutions to problems in Industry 4.0. Emphasis is now being placed on STEAM (Science, Technology,
Engineering, Arts and Mathematics) skills rather than the traditional cluster of STEM (Science,
Technology, Engineering and Mathematics) skills. STEAM adds “the arts” to the framework of STEM on
the premise that it is better to combine an artist or a designer’s mindset to that of a scientist or a
technologist. (Ilori & Ajagunna, 2020:07)

3.4.3 Entrepreneurship:
Entrepreneurship skills is an empowering tool that young people can use to become self-employed.
Coupled with technical and soft skills and equipped with the right business acumen, young people can
establish their own businesses. The is huge scope of entrepreneurs who are in the ‘business of
4IR’whether it is through app or artefact development.
In South Africa, the National Youth Development Agency (NYDA) and the Department of Small Business
Development is working together, as mandated by government to allocate funding and business support
to 1000 young entrepreneurs in 2020. (SONA, 2020)
Aside from funding, more skills acquisition through courses and trainee programmers can help small
businesses to flourish.
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Chapter 4: The TVET College Curriculum and 4IR
According to the White Paper on PSET (2013: 12) the DHET’s highest priority is to strengthen and
expand the public TVET colleges so that they become institutions of choice for a large proportion of
school leavers. Key objectives in strengthening colleges include improving:
•

Access,

•

Throughput rates,

•

Management capacity (especially with regard to planning, and financial and human resource
management),

•

Student support services and student accommodation,

•

Management information systems,

•

Strengthening governance,

•

Building partnerships with employers and other stakeholders,

•

Increasing the responsiveness of colleges to local labour markets,

•

Improving placement of college graduates in jobs, and

•

Creating a mix of programmes and qualifications

In his 2020 State of the Nation Address, President Ramphosa announced:
“Various technical vocational specialisations have already been introduced in 550 schools and 67
schools are now piloting the occupational stream. We are building nine new TVET college campuses
this year, in Sterkspruit, Aliwal North, Graaff Reinet and Ngungqushe in the Eastern Cape, and in
Umzimkhulu, Greytown, Msinga, Nongoma and Kwagqikazi in KwaZulu-Natal.” (SONA, 2020)
TVET Colleges target two tracks of students in the education system with two qualification types
offered. National Certificate Vocational (NCV) are programmes and qualifications targeted at NQF
Level 2-4. The purpose of this programme is to give students the option of exiting Grade 9 to
undertake Vocational training at a TVET college. These vocational programmes are three-year
qualifications and include the following compulsory subjects:
•

Mathematics (Pure or Maths Literacy)

•

Life Orientation (LO) and

•

English

In addition to this, students undertake their specialisation modules in IT or Hospitality and Tourism
for example.
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National Accredited Technical Education Diploma (NATED) are technical diploma courses
targeted at N4-N6. These are post-matric courses.
Focus group discussions (FGDs) were held with TVET Colleges earlier this year (2020). A summary of
the findings from these sessions are presented below.

Finding 1: A review of the NCV programme is Required
The predominant view that emerged from the FGD with the participants was that although the idea
behind NCV was laudable and critical to South Africa’s preparedness for the 4IR, the programme is
experiencing systemic bottlenecks. One major concern that emerged from participants was that the
programme attracts the ‘wrong’ cohort of students due to improper delineation on entry
requirements.
Both the selection and entry requirements for the NCV programmes are inadequately defined
leading to the intake of the diverse range of students with different educational levels. NCV
attracts the following students:
•

Those who leave Grade 9 with the intention of pursuing vocational study and achieving
their N4 qualification,

•

Those who fail matric and do not meet entry points to a university or UoT and apply for
intake to NCV even though they will need to do N2, N3 and N4 again,

•

Those who pass matric but end up applying to do NCV because they do meet entry points
into university,

•

Those who have been ‘out’ of the system for a long-time and are much older than matric
students and want to pursue their studies.

The challenge that arises out of this diverse intake of students is that its impacts drop-out rates,
throughput rates and success rates to a certain extent. Mdluli (2017) posits that the dropout rates
in TVET colleges are estimated between 13% and 25% per annum, the highest level being in Level 2
of the NQF. The net certification rate of the NATED/Report 19 courses has over the years, remained
consistently poor.
The NCV programme is regarded as higher than NQF L4 although it is accredited as such. Maths taught
within the programme for example, is more equivalent to University Maths 1 than matric maths as
concepts such as integration and differentiation are taught.
The concerns raised by FGD members had been earlier affirmed by DHET in their 2015 National
Certificate Vocational (NCV) and National Accredited Technical Diploma Implementation briefing in
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KwaZulu-Natal. Ms Aruna Singh, the Director VET Curriculum at DHET admitted that the programme
is plagued by implementation challenges. She listed some of the challenges to include; poor quality
of first entrants, including those with matric, inappropriate placement of students into vocational
specialisations, and bursary allocations that resulted in the wrong motivations to pursue studies in
this qualification. She also listed other challenges such as poorly qualified lecturers in the various
specialisations, inadequate infrastructure and teaching resources provided by the colleges to meet
the curriculum needs. Most of the points raised by Ms Singh were resonated by the FGD participants
(PMG, 2015).
There was a strong indication that an important first step towards achieving better throughput rates
and success rates for students is in reviewing the NQF Level. It was recommended that the NCV
should be graded at NQF level 5 to demonstrate better alignment towards its syllabus. This would
in-turn assist students to have a better articulation pathway to University and UoT’s. At present,
there is no alignment between the pass requirements from NCV and the points system at Universities
and UoTs. This has created a systemic issue where many students finishing NCV cannot articulate
further to Universities and UoTs. The primary objective of a “single, coordinated post-school system”
is not being executed in this regard as there is little coordination between TVET’ and Universities
and UoTs to create better articulation pathways for students.

Finding 2: Major Curriculum Change is Required
The TVET College curriculum is a National curriculum that is mandated across TVET colleges. This
means that any changes required to NCV, NATED and Ministerial programmes are done at national
level and then filtered down to the TVET colleges. This creates a problem of advocating for
curriculum change as the decision on when changes are implemented are taken at national level.
This means that there is little to no scope for aligning qualifications towards 4IR at college level.
Currently, the NCV Computer Science and IT programmes is regarded as the best fit for introducing
4IR programmes and there are some relevant 4IR concepts being taught here.
In terms of updating of curriculum, the last curriculum change was in 2007, after many years, and
another phase of updating the curriculum commenced in 2018. 2020 is the release year for the
refreshed curriculum in NCV IT Level 4. However, taking into consideration the exponential change
with 4IR technologies, major gaps in the curriculum will still exist in the refreshed curriculum.
Changing the curriculum or syllabus takes two to three years and by the time approval is granted,
the syllabus is already outdated.
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It was highlighted during the discussions that the more viable option in order to map the syllabus
towards 4IR is with additional, more relevant courses in IT. For example, a SETA accredited course
can be offered to students in terms of 4IR. The CISCO Academy has provided a pathway for many
TVET students and lecturers in this regard. CISCO has multiple Academies across South Africa that
provide courses related to the space of IT, programming and 4IR for the upskilling of students and
lecturers.
Aside from having an outdated curriculum, there are overlaps between subjects and no proper
distinction between which subjects target which areas. For instance, the programming course is
teaching areas related to the System Analysis and Design course due to lack of proper delineation.
So, in effect the programming course has to include logic skills, design skill and the ability skills.
In addition, the curriculum challenge at TVET’s is also compounded by time constraints. There is
vast amount of areas to be covered in the first two semesters and the third and fourth semesters
are focused on assessments and the practical exam (iSATS).

Finding 3: Up-Skilling of Lecturers in Required
During the discussion, concern was raised about the top-down approach to curriculum adjustments
that does not is not cognisant of the capacity of TVET lecturers. It was highlighted that 2020 is the
release year of the refreshed curriculum in NCV IT (N4). This updated curriculum requires that all
lecturers be appropriately trained to deliver this new content. Further it was raised that, in general,
lecturers in IT require 4IR specific training that is aligned to the developments with emerging
technologies. BankSeta has collaborated with Wits university to roll-out an upskilling programme for
TVET lecturers.
At present, TVET lecturers are skilled in:
•

Programming,

•

Web design,

•

Computer hardware and networking.

Lecturers have formal qualifications such as:
•

BSc (Computer science),

•

National Diploma in IT or

•

BCom Information systems.
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It was acknowledged that 4ir is a new skills set and staff need to upgrade their knowledge on the
following areas below:
•

Artificial Intelligence (AI),

•

Big data,

•

Cyber security,

•

Internet of things (IoT),

•

Virtual Reality,

•

data Science,

•

3-D Printing,

•

Cloud computing.

•

Python programming

The concerns raised by participants around upskilling of lecturers is echoed by Professor Sarah
Gravett, Dean of the University of Johannesburg’s Faculty of Education, who averred that
policymakers need to ask three pertinent questions regarding the 4IR and the curriculum:
Should we prepare preservice teacher training: should we prepare teachers for the schools that
are, the schools that should be, or the schools of the future? How do we balance the need for
adaptability (schools of the future) with pervasive challenges, including content pedagogical
knowledge in literacy and numeracy? (Tyatya, 2019).
DUT suggested a partnership, collaboration with the aim of upskilling lecturers through the following
avenues:
•

Running a Raspberry Pi programme to upskill IT and Computer Science lecturers,

•

Running short programmes related to 3D Printing, IoT and possibly work with other TVET
colleges to deliver this training to lecturers,

•

Building a Community of Practice to discuss issue facing TVET’s on an ongoing basis and try
to address it
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Finding 4: Re-imaging the TVET space is required to align to 4IR
The NCV programme suffers from a lack of general interest and has not been ‘sold’ well to
students and the members of the public.
The problem of making vocational education attractive is a long drawn one and is not unique to
South Africa alone. For example, Tessaring and Wannan (2004, 18) observe that although VET
contributes to the economic and societal performance of individuals and companies, in some
European countries it is not as attractive as general education, as reflected by participation rates of
students in upper secondary vocational streams. According to Winch (2000), the reason may be due
to the fact that in many societies, vocational education and training is merely associated with
conditioning for specialised jobs for the non-academic population. VET is not regarded as a process
in which an individual develops attitudes, skills and knowledge that are substantial for the individual
to take part in economic and social life.
In the South African context, there has been signals towards the need for enhanced partnership
mechanisms to run specialised courses. These courses can be NQF L5 accredited and target the areas
of 4IR. This would stimulate interest in TVET colleges and produce the much in-demand skills related
to 4IR. For example, running at Higher Certificate in IT for NCV students has been discussed in
partnership with DUT. Previously, one or two other similar programmes were done in collaboration
with other stakeholders and these had a high success rate. The MKI programme was run in 2015 as a
collaboration between universities (DUT, MUT and UKZN), the TVET Colleges, and MKI. A cohort of
students was offered a bursary to study the NCV IT programme and was further offered an
articulation pathway to any of the three universities to further their studies and they were also
offered employment thereafter. This programme had a 90% completion rate. Similar collaborations
need to be designed in order to produce skills for 4IR.

Finding 5: Addressing the gap in terms of individuals that are Not in Employment,
Education of Training (NEET)
A moot point raised was that the TVET receives high-volume of applicants and in most instances, the
TVET becomes oversubscribed very quickly. The applicants who are turned away display good
potential for pursuing further studies or learnerships, etc. These applicants have produced good
Maths and Science results and are simply turned away due to lack of space to accommodate them at
TVET colleges. This category of people is regarded as people Not in Employment, Education and
Training (NEET).
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The TVET space and the broader PSET must attempt to address this gap as part of its broader
developmental mandate. A qualification at NQF Level 5 should be designed to cater for these people
in collaboration with TVETs and UoT’s.

Discussion
The TVET landscape was intended to stimulate interest in vocational study and produce people for
vocational work. The inclusion of 4IR concepts and practice through vocational subjects can be
achieved. Some practical components which can be introduced in TVETs are teaching students how
to work with 3D Printing, building AR and VR Kits and working with Robotics. The up-scaling of Youth
Employment Service (YES) and working with TVET colleges and the private sector to ensure that
more learners receive practical experience is in an important avenue for building such skills.
Producing artisans, technicians, and other qualified professionals in the STEM space can also be
achieved through TVET’s. Although efforts are being made to try and address the gap with reference
to more relevant skills and programmes with some success, resource challenges (funding, facilities)
and design problems (curriculum overlaps, lack of skilled lecturers and inappropriate articulation
pathways) hinder progress.
The TVET space must be re-imagined in the context 4IR and implemented now in order to address the
skills gaps between supply and demand.
We now turn our attention to the University and University of Technology (UoT) curriculum at South
African higher education institutions.
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Chapter 5: The University of Technology (UoT) and University
Curriculum and 4IR
The 2020 State of the Nation address by President Cyril Ramphosa outlined that:
“the most significant contribution we can make to inclusive economic growth is in the development
of appropriate skills and capabilities.” (SONA, 2020)
Our PSET system thus has a broader developmental objective in equipping young people with the
right skills to become employable. Ensuring that PSET structures are aligned to 4IR is fundamental
to realising the objectives as set out in the White Paper on PSET (refer to page 23). The South African
education landscape is moving towards realising these objectives with the aim of 4IR in mind.
Universities and Universities of Technology (UoT’s) have been exploring avenues, engaging
stakeholders and initiating action in terms of this alignment. Nevertheless, challenges and skills gaps
remain and are becoming wider as new developments in Industry 4.0 are discovered and explored
constantly.
To better understand the University and UoT curriculum in the context of 4IR, focus group discussions
we held during 2019 and in early 2020. The sample (as indicated under Chapter 2: Research Process)
consisted of SETA’s, academics from Universities and UoT’s, banks and financial sector employees
and industry.
The next section discusses the main findings that emerged out of this discussion.

Finding 1: Unconducive PSET Governance Structures
Universities and Universities of Technology (UoT) across the country are naturally bound by policy
and regulations that can either support or hinder their transition towards 4IR preparedness. A key
finding from the focus group is that the current governance environment is not suitable to aligning
Universities and Universities of Technology (UoT) to 4IR because accrediting bodies that have
oversight of qualifications and curriculum are slow to accredit new programmes/ qualifications
aligned to 4IR. This results in delays and backlogs when institutions are trying to accredit
programmes, in this instance, related to the 4IR. This is turn reduces the agility of institutions to
act on the needs of their institutions and also demand from industry for qualifications related to 4IR
such as Artificial Intelligence, Data Science, Robotics, etc.
National structures have been established such as the Presidential Commission on 4IR and the
Ministerial Task Team on 4IR. It was suggested at the discussions the development of policies and
structures related to the 4IR need to be streamlined so that there is consistent implementation and
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realisation of goals in terms of reshaping PSET institutions to fit the context of 4IR. The Ministerial
Task Team (MTT) on 4IR is looking specifically at the PSET system. It was outlined during the
discussions that these structures should also review the accrediting bodies that accredit both
qualifications, and curriculum changes at HEI’s in order to change their model and processes of
accrediting programmes.

Finding 2: University and UoT curriculum is Outdated
University and UoT curricula are largely outdated and remains between the 2nd and 3rd industrial
revolutions. Arguably, 4IR is a massive disruptor to the traditional way of doing things and this
includes disruption to Higher Education (HEI). Concerning, however, is that the university and UoT
curriculum as it is was not designed in line with the core concept of the 4IR. Hence, and in an
attempt to address this, curriculum review was advocated during the discussion.
This view has been raised by key actors in the South African education space. According to the CEO
of the Council on Higher Education (CHE), the real challenge for universities was that the current
model for producing students of higher education had not changed in hundreds of years, and the
model was no longer resonant with 4IR. He stated that “In reality we will be losing jobs through
automation; populations are growing; there is less need for skilled people and more need for skills
that our graduates do not have and are difficult to produce. So, universities have to rethink their
activities.” (2018) As a way forward, Professor Baijnath (2018) called for curriculum reform in the
higher education institution.

According to his view, “higher educationists had a challenge to

explore, on an ongoing basis, what the implications of 4IR were for curriculum reform and the kinds
of graduates produced”.
Universities have, however, been constructing their strategic plans with a view towards 4IR
preparedness. In terms of some universities’ strategic plans, Big Data has been underlined as one
of the flagship areas at the University of KwaZulu-Natal (UKZN) and the intention is to introduce big
data in all scientific related programmes.
Importantly and related to the curriculum, it was also highlighted that there “is no synergy between
the Department of Basic and Higher Education” which is another challenge that needs to be
addressed. In order to build capabilities at Post-school level in 4IR, foundational skills are imperative
and need to be addressed at school level. In 2018, Minister of Basic Education, Angie Motshekga
published a Ministerial statement in which she noted that the Brookings Institute found that the
South African school curriculum has embedded in it the competencies required for a changing world.
These include critical thinking and problem-solving, creativity and innovation, collaboration and
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teamwork, communication and information literacy, as well as social justice and human rights.
Apparently, our school curriculum has the potential to foreground 21st-century skills. (Gravett, 2019)
Further Presdient Ramphosa noted that this year, we will be introducing coding and robotics in
grades R to 3 in 200 schools, with a plan to implement it fully by 2022. (SONA, 2020) The PSET system
can leverage of such initiatives in designing courses to ensure that there is consistency between
Department of Basic and Higher Education in terms of 4IR related teaching and learning.

Finding 3: University offering and Industry needs are Misaligned:
Emanating from the discussions, it became evident that university systems are not designed to meet
industry demands. Industry do not want to partner with universities and UoTs to address the skills
gaps in terms of 4IR precisely because these institutions take too long to produce these skills.
Industries require capabilities that address skills gaps now and are not willing to invest millions in
three-year qualifications that teach outdated curricula.
Industry is far ahead of universities and UoTs in trying to address the current 4IR skills deficit through
just-in-time education to graduates and interns within their companies. In the push to address the
skills mismatch, banks, for example have developed their own 4IR courses to equip graduates and
also to upskill current employees. Standard Bank for example introduced a Cloud Computing
internship for graduates. It was asserted during the discussion that the interns could not meet the
skills requirements of the internship and as an additional measure, a bridging course had to be
implemented for the interns.
It was also discovered that banks and other industries are also looking for alternate service providers
as opposed to public higher education providers as they do not find traditional university processes
and qualifications adequate enough to meet their skills needs. In the banking industry for instance,
many employers are looking towards private sector providers to deliver new short courses related to
new technologies including Blockchain, Fintech development, etc.
Another revelation was that that industry believes online learning, including Massive Open Online
Courses and short courses offered by international universities to be better equipped to increase
knowledge off and capabilities in 4IR technologies. This is because these online platforms offer latest
courses in Cybersecurity, AI, Blockchain and Internet of Things (IoT) that are aligned to 4IR.
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Discussion
Evidently, the university and UoT curricula is partially aligned towards 4IR. There are pockets of
excellence and widespread initiatives in addressing skills mismatch from the supply-side. A list of
qualifications provided at Universities/ UoT’s is listed in Table 7.

Data Science Qualifications
Currently, the many HEI’s are leaning towards Data Science qualifications which provide a good
foundation for stimulating 4IR skills.
•

UKZN has a BSc In Data Science,

•

Wits a one-year honours offering called Big Data Analytics.

•

UCT and UP offers a Masters in Data Science, with several universities committing to offer
data science.

The UoTs are committing as well although there is no program listed.

Robotics/ Mechatronics Qualifications
Robotics is mentioned because it probably the only 4IR-ready curriculum. The degree is offered at
UCT, UKZN, Wits, Stellenbosch and UP. CPUT and UNSA have a mechatronics diploma. This is because
the course has evolved over the years to be very inclusive and has integrated the components of
computer science, electronic and mechanical engineering with a strong mathematical theme. UNISA
has a successful robotics programmes aimed at primary school children called I-SET (Inspired towards
Science Engineering and Technology).

Artificial Intelligence
There have been efforts towards developing qualifications with specializations in Artificial
Intelligence which is offered at UKZN.

Cybersecurity
For South Africa and globally, cybersecurity is very vulnerable in this area. It requires a concerted
focussed response. To display the audacity of cyber criminals, the presidential site was subjected a
denial-of-service attack in July 20181, while the city of Johannesburg endured a ransomware attack

1

https://www.thesouthafrican.com/news/hack-alert-the-presidencys-website-has-just-been-hacked/
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in August. Every medium and large sized company requires a cybersecurity expert. CISCO has an
internationally successful internet hardware programme called the CCNA, CCNP and CCIE.
Many of the qualifications offered are interdisciplinary and multidisciplinary in nature as they are
offered within the STEM. A such, these qualifications require firm knowledge in one or many of the
STEM disciplines. For example, Data Science requires foundations in Statistics and Information
technology. Robotics requires knowledge in Engineering and Artificial Intelligence.
Aside from the 3-4-year qualifications, the University of Cape Town (UCT) in collaboration with Get
smarter offers a multitude of 4IR-related online short courses from Fintech to Blockchain.
In addition, the University of Pretoria offers online short courses ranging from Data Mining to Virtual
Currencies.
Table 7 Data Science & Related 4IR qualifications across several South African Universities and
Colleges

No. Name of Programme

UG/PG

(Degree/ Diploma/ Higher

University/TVET

Province

College

Certificate/Short Course)
1

Bachelor of Science

Undergrad

(Computer Science and

University of

KZN

KwaZulu-Natal

Information technology)/Pure
Mathematics and Statistics
2

Bachelor of Science (Honors)

Postgrad

with specialisations in

University of

KZN

KwaZulu-Natal

Artificial
Intelligence/Computer
Science Education
3

Master of Science with

Postgrad

specialisations in Artificial

University of

KZN

KwaZulu-Natal

Intelligence/Computer
Science Education
4

Doctor of Philosophy
(Science)

Postgrad

University of

KZN

KwaZulu-Natal
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No. Name of Programme

UG/PG

(Degree/ Diploma/ Higher

University/TVET

Province

College

Certificate/Short Course)
5

B Com Honours in Information

Postgrad

Systems and Technology
6

Master of Commerce in

University of

KZN

KwaZulu-Natal
Postgrad

Information Systems and

University of

KZN

KwaZulu-Natal

Technology
7

PhD Information Systems and

Postgrad

Technology Management
8

Diploma in Information and
Bachelor of Information and

KZN

KwaZulu-Natal
Undergrad

Communications Technology
9

University of
Durban University

KZN

of Technology
Undergrad

Communications Technology

Durban University

KZN

of Technology

Degree
10

Postgraduate Degree in

Postgrad

Information Technology

Durban University

KZN

of Technology

(Masters and Phd)
11

Diploma In Information

Undergrad

Technology

Mangosuthu

KZN

University of
Technology

12

BSc in Computational and

Undergrad

Applied Mathematics
13

BSc in Computer Science

University of

Gauteng

Witswatersrand
Undergrad

University of

Gauteng

Witswatersrand
14

BSc in Computer Science

Postgrad

(Honors)
15

BSc in Big Data (Honors)

University of

Gauteng

Witswatersrand
Postgrad

University of

Gauteng

Witswatersrand
16

Master of Science in eScience/ Computer Science/

Postgrad

University of

Gauteng

Witswatersrand

Computional and Applied
Mathematics
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No. Name of Programme

UG/PG

(Degree/ Diploma/ Higher

University/TVET

Province

College

Certificate/Short Course)
17

Master of Science in Big Data

Postgrad

Analytics/ Computer Science/

University of

Gauteng

Witswatersrand

Computional and Applied
Mathematics (Dissertation)
18

Master of Arts in e-Science

Postgrad

(Social Sciences and

University of

Gauteng

Witswatersrand

Humanities students)
19

Bachelor of Science in

Undergrad

Computer Science and

University of

Gauteng

Johannesburg

Informatics
20

Bachelor of Science in

Undergrad

Mathematical Statistics and

University of

Gauteng

Johannesburg

Computer Science
21

Bachelor of Science in

Undergrad

Mathematics and Informatics
22

Bachelor of Science in

University of

Gauteng

Johannesburg
Undergrad

Applied Mathematics and

University of

Gauteng

Johannesburg

Computer Science
23

BSc Hons (Computer Science)

Postgrad

University of

Gauteng

Johannesburg
24

BSc Hons (Informatics) /

Postgrad

BCom Hons (Informatics)
25

BSc Hons (Information
BSc Hons (Mathematical

Postgrad

MSc (Computer Science)
Dissertation

University of

Gauteng

Johannesburg
Postgrad

Statistics)
27

Gauteng

Johannesburg

Technology)
26

University of

University of

Gauteng

Johannesburg
Postgrad

University of

Gauteng

Johannesburg
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No. Name of Programme

UG/PG

(Degree/ Diploma/ Higher

University/TVET

Province

College

Certificate/Short Course)
28

MSc (Informatics) Dissertation

Postgrad

/ MCom (Informatics)

University of

Gauteng

Johannesburg

Dissertation
29

MSc (Information Technology)

Postgrad

Dissertation
30

PhD Computer Science/

University of

Gauteng

Johannesburg
Postgrad

Mathematical Statistics/

University of

Gauteng

Johannesburg

Informatics
31

Academy of Computer

Short Course

Science and Software

University of

Gauteng

Johannesburg

Engineering (Certificate in
Cyber Security )
32

BIT - Bachelor of Information

Undergrad

Technology
33

BSc - Computer Science

University of

Gauteng

Pretoria
Undergrad

University of

Gauteng

Pretoria
34

BCom (Informatics

Undergrad

Information systems)
35

BIT (Information Systems) -

University of

Gauteng

Pretoria
Undergrad

coming in 2020 (Students can

University of

Gauteng

Pretoria

specialise in Data Science
Management)
36

BScHons Computer Science

Postgrad

University of

Gauteng

Pretoria
37

MSc Computer Science

Postgrad

University of

Gauteng

Pretoria
38

MIT Big Data Science

Postgrad

University of

Gauteng

Pretoria
39

PhD Computer Science

Postgrad

University of

Gauteng

Pretoria
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No. Name of Programme

UG/PG

(Degree/ Diploma/ Higher

University/TVET

Province

College

Certificate/Short Course)
40

Honours BCom Informatics

Postgrad

/ Honours

University of

Gauteng

Pretoria

BIT(InformationSystems)
41

Postgraduate Diploma in

Postgrad

Digital Innovation
42

MCom
MIT Information Systems

Postgrad

MIT ICT Management (Course

Postgrad

PhD IT, IS (Research)

Gauteng

University of

Gauteng

Pretoria
Postgrad

work)
45

University of
Pretoria

(MIT(IS)) (Research)
44

Gauteng

Pretoria

(Informatics) (Research)
43

University of

University of

Gauteng

Pretoria
Postgrad

University of

Gauteng

Pretoria
46
47
48
49
50

Virtual Currencies (Bitcoin)

Online Short

University of

Course

Pretoria

Business Analysis for Business

Online Short

University of

Intelligence (BI)

Course

Pretoria

Data Storage for Decision

Online Short

University of

Support

Course

Pretoria

Introduction to Data Mining

Online Short

University of

Course

Pretoria

Undergrad

University of Cape

Bachelor of Science in
Computer Science/

Gauteng
Gauteng
Gauteng
Gauteng
Western Cape

Town

Computing/Computer Science
and Information Systems
51

BSc (Honours) in Statistical

Postgrad

Sciences
52

Honours in Computer
Science/ Information

University of Cape

Western Cape

Town
Postgrad

University of Cape

Western Cape

Town

Technology
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No. Name of Programme

UG/PG

(Degree/ Diploma/ Higher

University/TVET

Province

College

Certificate/Short Course)
53

Masters in Information

Postgrad

Technology/ Computer

University of Cape

Western Cape

Town

Science
54

PhD Computer Science/

Postgrad

Information Technology/

University of Cape

Western Cape

Town

Information Systems
55

Masters in Data Science

Postgrad

University of Cape

Western Cape

Town
56

Masters in Advanced Analytics

Postgrad

and Decision Sciences by

University of Cape

Western Cape

Town

course work and half
dissertation
57

Masters in Mathematical

Postgrad

Statistics by dissertation only

University of Cape

Western Cape

Town

(STA5000W)
58
59
60
61

Information Systems

Online Short

University of Cape

Management

Course

Town/ GetSmarter

Fundamentals of

Online Short

University of Cape

Cybersecurity

Course

Town/ GetSmarter

Fintech: Disruption in Finance

Online Short

University of Cape

Course

Town/ GetSmarter

Oxford Blockchain Strategy

Online Short

University of Cape

Programme

Course

Town/ GetSmarter/

Western Cape
Western Cape
Western Cape

Oxford University
62

Blockchain Technologies:

Online Short

University of Cape

Business Innovation and

Course

Town/ GetSmarter/

Application
63

MIT

Internet of Things:

Online Short

University of Cape

Implications and

Course

Town/ GetSmarter/

Opportunities

MIT
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No. Name of Programme

UG/PG

(Degree/ Diploma/ Higher

University/TVET

Province

College

Certificate/Short Course)
64

Artificial Intelligence:

Online Short

University of Cape

Implications for Business

Course

Town/ GetSmarter/

Strategy
65

Data Science for Executives

MIT
Online Short

University of Cape

Course

Town/ GetSmarter/
Berkeley School of
Information

66

Cybersecurity: Managing Risk

Online Short

University of Cape

in the Information Age online

Course

Town/ GetSmarter/

short course
67

Harvard

Cryptocurrency and

Online Short

University of Cape

Disruption online certificate

Course

Town/ GetSmarter/

course

London School of
Economics

68

Machine Learning online short

Online Short

University of Cape

course

Course

Town/ GetSmarter/
Berkeley School of
Information

69

Oxford Fintech Programme

Online Short

University of Cape

Course

Town/ GetSmarter/
Oxford University

70
71

Data Analysis online short

Online Short

University of Cape

course

Course

Town/ GetSmarter

BSc in Mathematics.

Undergrad

University of

Mathematical Statistics/

Western Cape

Stellenbosch

Computer Science
72

BSc Honors in Computer

Postgrad

Science/ Data Science
73

Phd in Computer Science

University of

Western Cape

Stellenbosch
Postgrad

University of

Western Cape

Stellenbosch
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No. Name of Programme

UG/PG

(Degree/ Diploma/ Higher

University/TVET

Province

College

Certificate/Short Course)
74

BSc Degree in Mathematics

Undergrad

and Statistical Science/

University of

Western Cape

Western Cape

Computer Science
75

BSc Honors in Computer

Postgrad

Science/ Statistical Science
76

MSc in Computer Science/

University of

Western Cape

Western Cape
Postgrad

Mathematical Science/

University of

Western Cape

Western Cape

Statistical Science
77

PhD in Computer/

Postgrad

Mathematical Science/

University of

Western Cape

Western Cape

Statistical Science
78

79

80

81

Higher Certificate in

Undergrad

Cape Peninsula

Information & Communication

University of

Technology

Technology

DIPLOMA: INFORMATION &

Undergrad

Cape Peninsula

COMMUNICATION

University of

TECHNOLOGY

Technology

BTECH: INFORMATION &

Postgrad

Cape Peninsula

COMMUNICATION

University of

TECHNOLOGY

Technology

MTECH: INFORMATION

Postgrad

TECHNOLOGY

Cape Peninsula

Western Cape

Western Cape

Western Cape

Western Cape

University of
Technology

82

Phd: Informatics

Postgrad

Cape Peninsula

Western Cape

University of
Technology
83

Diploma In Information

Undergrad

UNISA

Correspondence

Technology
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No. Name of Programme

UG/PG

(Degree/ Diploma/ Higher

University/TVET

Province

College

Certificate/Short Course)
84

Bachelor of Science (Applied

Undergrad

UNISA

Correspondence

Undergrad

UNISA

Correspondence

Undergrad

UNISA

Correspondence

Undergrad

UNISA

Correspondence

Postgrad

UNISA

Correspondence

Mathematics and Computer
Science Stream)
85

Bachelor of Science
(Mathematics and Computer
Science Stream)

86

Bachelor of Science
(Mathematics and Information
Systems Stream)

87

Bachelor of Science in
Computing (98906)

88

Bachelor of Science Honours
in Computing/ Statistics/
Mathematics

Conclusion
Importantly however, qualifications alone will not address the skills gap currently experienced by
industry. Emanating from the discussions, the appetite for investing in 3-4-year qualifications from
the banking and related sectors is fast diminishing as industries cite the demand for practical skills
and other abilities, critical thinking, problem solving, etc to meet their demands. In this regard, we
have to understand the challenges and systemic issues faced by PSET in relation to the purpose and
design for which HEI’s were built.
Gleason (2019: 5-6) makes the following important points:
•

Higher Education (HE) was designed to meet the needs of past industrial revolutions with
mass production powered by electricity. Those systems are not suited for the automation
economy.

•

The goal of most reputable institutions of HE is to develop capacity for academic achievement
and retention of knowledge among graduates to prepare them for a productive life.
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•

Finally, whilst HE has made significant improvements in terms of more relevant teaching, 4IR
demands that HE institutions to depart from the current 3 or 4-year undergraduate model to
prepare for lifelong learners.

Understanding skills mismatch must be cognisant of the above factors. If the PSET is to fully
transform to produce skills for 4IR, there needs to be a repositioning, repurposing and reimaging of
the PSET itself.
The next chapter reviews the BankSeta programmes related to skills development and how they are
aligned to 4IR.
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Chapter 6: BankSeta Programmes
BankSeta is well-positioned as a Sector Education and Training Authority that supports the PSET
through national skills training objectives. The sector recognizes the impact of 4IR and impetus for
aligning its initiatives towards 4IR. The SETA has funded and developed a number of skills training
initiatives over the years that are aligned to the sector, and is underpinned by the principle of
prioritising the development of scarce and critical skills.
The following areas listed below define BankSeta’s Skills Priority Actions:
•

Skills Priority Action 1: Technology, Digitisation and Innovation

•

Skills Priority Action 2: Compliance and Risk Management

•

Skills Priority Action 3: Management and Leadership Development

•

Skills Priority action 4: Markets, Products and Services

•

Skills Priority Action 5: Customer Centricity

BankSeta programmes are aligned to the following National Policy Frameworks:
•

National Skills Development Plan (NSDP)

•

The New Growth Path

•

The National Development Plan

•

National Skills Accord

•

Youth Employment Accord

•

9- Point Plan

•

Human Resource Development Strategy

•

Open Learning Policy

•

Financial Inclusion Strategy

•

Financial Sector Conduct Authority

•

National Credit Act

•

SARB Regulatory Framework

•

White Paper of Post School Education of Training

In terms of the National Skills Accord, BankSeta concentrates initiatives in line with this policy
objectives through:
•

Expanding the level of training using existing facilities to the fullest

•

Making internship and placement opportunities available within the workplace
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•

Setting guidelines of ratios of trainees; artisans as well as across the technical vocations, to
improve the level of training

•

Improving the funding of training and the use of funds available for training and incentives
on companies to train

•

Setting annual targets for training in state-owned enterprises

•

Improving SETA governance and financial management as well as stakeholder involvement

•

Aligning training to the New Growth Path and improve Sector Skills Plans- Improving the
role and performance of colleges

In accordance with the Youth Employment Accord, BANKSETA’s current contribution to the Youth
Employment Accord includes the following:
•

Fund learnership programmes for unemployed individuals

•

Partner with employers to support youth development initiatives in a co-funded model

•

Funding of internships

In actioning the National Policy Frameworks and Skills Priority Actions, BankSeta has developed
skills initiatives for:
•

TVET students (unemployed and employed) through Learnerships;

•

TVET lecturers;

•

Students through Work Integrated Learning Programmes (unemployed and employed); and

•

Graduates through Graduate Placement programmes

•

Interns through Internship programmes

Of relevance to 4IR and Digitalisation are several programmes that signal the development of
scarce and critical skills at different levels of the skills pyramid.
Currently, the SETA is running programmes in/ has windows open in the below listed programmes
that are aligned towards developing skills in digitalisation and 4IR:
•

An internship programme in cybersecurity
➢ This programme is targeted at graduates and seeks to develop critical skills in
cybersecurity which is high sought after in the Financial Services sector.

•

Maths & Science Support Programmes
➢ This programme is targeted at school learners and is aimed at supporting the
development of STEM skills which is another critical skills area
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•

Learnerships
➢ Learnerships are targeted at post-matric and post-graduate levels
➢ Learnerships are accredited at NQF Level 5.

The scale of these programmes is widespread (across many provinces and across different
institutions). The programmes are also equally distributed in that they are not targeted at one
specific skills category but across different categories.
The BankSeta Sector Skills Plan (SSP) (2020-2025) notes that partnerships have been developed with
14 TVET Colleges and 11 UoT’s to address skills shortage and gaps.
Through continued engagement and cutting-edge research, the SETA has a strong role to play in
contributing to the alignment of the PSET towards 4IR.

Page 65 of 79

Chapter 7: Recommendations
“Technology has allowed us to connect to the far reaches of the globe and enabled businesses to
flourish. But if that technology cannot be harnessed to connect people to high-quality education and
jobs, then the repercussions could be experienced broadly. Greater income inequality, growing
dependence on government, and more mass migrations are a few of the most pressing problems that
failing to train the next generation of workers for the digitally driven economy could bring,”
(Deloitte, 2019: 02).
Developing quality education in the context of 4IR means re-purposing the schooling and postschooling systems to provide equal and purposeful opportunities for a young people, graduates and
professionals. With this in mind, this report tables a set of recommendations to facilitate the
alignment of PSET to 4IR in an inclusive, equitable and sustainable manner.
As the past chapters have demonstrated, there is currently a disjuncture of the objectives of PSET
and the objective of industry in terms of skills development. Industry wants a diverse skill sets that
incorporate soft and technical skills whilst PSET is more attuned to delivering discipline-specific
skills.
Priority One: Addressing Skills Needs from the Bottom-Up
The early development of STEM skills and skills to build competencies in a 4IR world, namely criticalthinking, problem-solving, and creativity, must be prioritised at school level. This will better
facilitate the transition for students entering the PSET as well as work environments. Students
equipped with these skills from school-level will be better informed to make decisions and navigate
their careers in a 4IR-driven world.
Coding and Robotics have already been introduced in South African schools. The roll-out of
technology in classrooms must also be achieved. The roll-out of One Laptop/Tablet Per learner
(OLPC) is being conducted in South African schools. A tablet economy is the digital big bang. It will
create upstream, downstream economies. The scale, societal nature and economic impact of a
project of this size is bewildering. It will create what one could only call a tablet economy.
This is precisely the exponential response 4IR needs. The tablet addresses the lack of resource which
in turn expedites the redress of the lack of skills. Handled well this will positively impact the learner,
the education system, the output of this system, the skill levels which in turn will provide the PSET
with appropriate input for skilling towards 4IR sectors.
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The OLPC started with a noble goal of a $100 device. Several countries2 have attempted similar
projects with mixed results USA3 Thailand (1-to-1 computing 1m tablets); Peru (1m OLPC Laptops);
Kenya (400 000 Laptops); Turkey (Movement to Increase Opportunities and Technology, over 10m
laptops); India (Aakash project attempts to build a $35 laptop).
In addition, the widespread integration of technology to enhance and supplement learning must be
rolled-out as seen in Figure 8. The learning experience can be improved through emerging
technologies.

Figure 10 Digital Transformation Trends in Education

2

Big educational laptop and tablet projects -- Ten countries to learn from

http://blogs.worldbank.org/edutech/big-educational-laptop-and-tablet-projects-ten-countries
3
State of Maine is the global leader in such projects (http://maine.gov/mlti/resources/research.shtml)
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Priority Two: Expanding courses and training for 4IR:
Although evidence suggests that Universities and UoT’s are offering more courses pertaining to 4IR
technologies, most relevant courses in technologies such as Blockchain and Fintech are limited.
For the Banking and Financial services sector, the imperative for skilled graduates in Fintech,
Blockchain, Data Analytics and Cybersecurity is key. Internationally, the range of courses for
Blockchain is huge. Importantly, Nascent blockchain curricula are already giving students the skills
they need to succeed in tomorrow’s economy. Nearly half of the top-ranked top universities offer at
least a course on blockchain or cryptocurrencies. Within the next two years, the world’s first crop
of blockchain Master’s Degrees will begin hitting the workforce, thanks to a new degree program at
the blockchain-friendly University of Malta. (Abbaspour, 2019)
The PSET landscape is currently polarised in that the emergence of latest courses relating to
technologies such as Blockchain are mainly concentrated to short courses at a few universities. These
courses need to be more widespread and easily accessible for development of skills relating to areas
such as Fintech, Blockchain, IoT and Machine Learning.
More rapid development of large-scale programmes for cross-cutting skills in software engineering,
data science and related ICT skill is needed. (DTI, 2019: 05) Therefore, more interdisciplinary and
transdisciplinary skills must be developed as highlighted earlier. This includes the inclusion of social
sciences and humanities courses in the scientific domain which will enable the shift from STEM to
STEAM that 4IR requires.
In addition, equipping students with practical skills must underpin all learning models and courses
must include more practical modules and laboratory concepts. The Turkish German University in
Istanbul has established a laboratory and implemented an educational strategy that consists of three
main stages of learning, i.e. curriculum, laboratory and student club. (Coskun et al. 2019) The
laboratory incorporates these stages to introduce students to 4IR technologies used in Industry 4.0.
For example, in the computer engineering programme at the university, the curriculum allows for
three specialisation tracks in either intelligent systems, IT security or hardware systems. (Coskun et
al, 2019:06) In each track relevant modules in machine learning, artificial intelligence, methods of
data analysis as well as security systems, cryptology and network security are taught.
“As the Industry 4.0 systems will mature, we will see more and more manufacturing
environments that are smart and autonomous in a way that they will be able to analyze their
own state and the environment and handle autonomously according to their analysis. In order
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to design and implement such systems, engineering students must be competent in methods of
artificial intelligence and machine learning.”
(Coskun et al, 2019: 07)

Priority Three: Increasing incentivised vocational Models
Welsh notes that in age of the 4th industrial revolution, technical and vocational schools have become
the trend because people recognize the outdated nature of curricula in universities and schools
globally. These schools and college are often founded through partnerships between leading
companies such as Volkswagen and government. Emanating from the FDG’s on TVET colleges, it was
outlined that vocational education is under-valued by prospective students as well as employers in
South Africa. A recommendation to re-position this sector is to develop and streamline an
incentivised model across all TVET colleges. In Germany, a ‘dual-system’ was developed as a
vocational education model. “Vocational students spend part of their time attending high school,
learning the basic curriculum, and part of their time working and earning at an employer. The system
offers qualifications in a broad spectrum of professions and adapts to the changing needs of the
labor market,” (McKinskey, 2019:112) Such a model is worth reviewing for the TVET college system
in South Africa. The SETA’s can incentivise these models through various grants to ensure the
vocational learning in the context of 4IR increases.
Priority Four: Streamlining of Policies from Government to Industry to PSET
Government, industry and PSET need to work together to develop programmes for PSET. Government
has a role to play in developing new policies to incentivise business and SETA’s as well as in ensuring
that governance of educational bodies is restructured to accommodate for 4IR teaching mechanisms.
SETA’s, industry and HEI’s have to work collaboratively to improve apprenticeship, learnership and
internship models. More funds like the Skill Development Levies Act which is channelled through the
National Skills Fund needs to be established for the funding of specifically 4IR-related skills.
Priority Five: Exploring and Leveraging of Innovative Education Models:
This requires a shift away from traditional qualifications to more relevant courses that can be
attained to be relevant teaching methods. The following trends in the education landscape must be
explored and adapted to the South African PSET landscape:
•

Micro-credentials,

•

Education 3.0,
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•

Nano-degrees,

•

Adaptive learning,

•

Microlearning, and

•

Upskilling

Micro-credentials are described as “bite-sized” chunks of education that is offered through an online
short course or a tradition university setting. “Micro-credentials emerged in response to the growing
skills gaps caused by new technologies”, (Horton, 2020).
Online education companies such as Udacity offer nano-degrees. Nano-degrees have in particular
fulfilled the gap for skills and education in AI and Data Science. These degrees use real data science
projects to develop skills. Such degrees also offer expertise of real professionals in the field from
mega-technology companies such as AirBNB (Reddy, 2018) Such courses are especially relevant for
those who have already obtained qualifications and seek to upskill. The PSET should leverage of such
models to improve course offerings.

Conclusion
Seta’s and industries have an important role to play in the development and alignment of a PSET
sector that is in tune with 4IR, digitilisation and Industry 4.0. Collaboration should be the cornerstone
of all engagement and initiatives around the PSET. BankSeta is already leading the transformation
of the PSET through informative research in the area of skills development.
Commissions such as the Presidential Commission on 4IR and the Ministerial Task Team on 4IR have
been set up in acknowledgement of the depth of task that is upon all industries and PSET institutions
to address the skills gap arising out of 4IR. As we re-imagine, re-purpose and re-position, we must
also consider and prioritise the sustainability and inclusivity of our initiatives.
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