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ABSTRACT

This study investigated the impact of 4IR technologies on automotive industry workers,
focusing on job changes in VW, BMW, Lear Corporation, and Schnellecke, the identification
of organisational problems faced by workers, 4IR technology affecting employment conditions
and examining worker-specific problems within the context of automotive industry original
equipment manufacturer (OEMs) and suppliers. The implementation of new technologies,
brought about by the fourth industrial revolution, caused many companies in the automotive
industry to digitise their production processes and increase technological changes, as we have
seen by the number of industrial robots being demanded by the industry and the implementation
of new technology. This transition is impacting the nature and context of work for workers
employed in the (OEMSs) and supplier companies, as a result of its implementation in

production plants and supplier companies.

This study took a qualitative form of approach and used interviews to probe the implementation
of the 4IR strategies in the automotive industry. Using qualitative interviews, it is thus noticed
that the problems in the implementation of 4IR strategies, like the introduction of new
machinery that replaces certain manual tasks, have adverse effects on workers, such as work
repositioning, natural attrition and job losses, even though the aim of the implementation of the
new technology was to increase speed and profitability of the industry, as well as to make
workers’ jobs easier with the prospects of eliminating harmful, strenuous and complex tasks
from the body shop, paint shop and the assembly line and by creating opportunities for workers

to use assistance systems to make work tasks easier and safer.

The study revealed that workers are faced with various problems of work reorganisation, short
time, skills deficits, as well as health and safety problems, as a result of the implementation of
the technology at automotive plants and supplier companies. This study further revealed, when
evaluated, that there is an aspect of skilling and reskilling deficit for workers and suggests a
model for implementation as an opportunity for workers to reskill themselves for their current

and potential future job opportunities.

Key Terms:

Fourth industrial revolution; automation; original equipment manufacturers; supplier

companies; digitisation; skills; electric vehicles
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CHAPTER 1: INTRODUCTION AND BACKGROUND TO
THE STUDY

1.1 Introduction and Background

This chapter begins by introducing the study, the background, the central question, and the
objectives of the study, focusing on understanding the impact of technology on workers' jobs.
The study highlights the objectives, rationale, and relevance of the study in addressing gaps in
existing literature, particularly regarding the impact of technological transformation on
workers in original equipment manufacturers (OEMs) and supplier companies Bayerische
Motoren Werke (BMW) and Volkswagen (VW) and parts supplier companies (Lear
Corporation and Schnellecke). This chapter offers insights into the continuous technical
changes occurring within production plants at the chosen (OEMSs) and supplier companies. By
engaging in this practice, it facilitates the development of a thorough understanding of the
subsequent chapters within the dissertation. Furthermore, this study situates itself within the
economic environment of South Africa, emphasising the potential ramifications of
digitalisation on the labour force. The understanding of the automobile industry's importance
in the South African economy and its significant contribution to the country's gross domestic
product (GDP) relies heavily on contextualisation.

The South African Automotive Industry is currently undertaking a number of technological
changes and processes brought about by the fourth industrial revolution and previous industrial
revolutions and this is evidenced by the South African Government recognising 4IR in the
automotive sector and preparing for this revolution in its policy interventions to improve
industrial development, as seen in the industrial policy action plan, as well as the South African
automotive masterplan 2035 ( Bayode, van der Poll & Ramphal, 2019: 18-19).

Digital technologies are transforming the automotive industry production line where vehicles
are being manufactured by means of automation processes and therefore reshaping
conventional production and business models based on these new processes that are changing
the way workers’ jobs are currently being implemented at the various automotive companies
in the respective departments (Athanasopoulou, de Reuver, Nikou, & Bouwman, 2019:73-83).
Based on studies from a human capital point of view, analysis of previous phases of industrial
revolutions, researchers have built an argument in support of the 4IR and its possible impacts
whilst other studies have a contrary view. These views bring to light, that as different

technologies emerged in the previous phases of the industrial revolution, the workplace as we
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know it, as well as the nature of work, the skills requirements in those previous revolutions
have transitioned, based on the new fourth industrial revolution segments (Taiwo & Vezi-
Magigaba, 2021:86-96).

This study is entitled The Fourth Industrial Revolution and the future of Jobs: Problems and

prospects in the South African Automotive Industry

It was also observed by Industry week (2007) that sometimes, when workers are given new
tasks due to technological innovation, they are unable to perform these, due to a lack of skills
or the speed required to perform these tasks, as machines produce at an increased speed and
double the work speed of manual labour, which puts extra pressure on workers, especially on
workers based at the assembly lines at the automotive plants to increase labour and output,

quickly hence adding to the problems of occupational health and safety issues for the worker.

If this pace is not adhered to, the worker is sometimes demoted as a result of “not performing”,
and this affects their employment grade and this also sometimes leads to work pressure that
results in the workers quitting their jobs due to volume demands by OEMs, natural attrition by
not employing replacement workers when a worker leaves the company for various reasons or
retires, this in turn, affects workers’ job satisfaction, which subjects the worker to additional
pressure which often leads to resignations and consequently, unemployment Industry week
(2007). According to (Chesters 2014: 755-769), this now “former worker”, is then termed
unskilled due to no formal qualification to re-enter the job market, as new job requirements
and educational qualifications will have new specifications that the workers do not have, due
to the skills challenge and deficit, ultimately this affects company profits and workers’
bargaining power which has a domino effect on the entire South African socio-economic

context.

There is a potential impact for workers, and various (OEMS) in the automotive industry value
chain that are being affected by such changes. Since the automotive industry has various tiers
that supply the OEMs, any changes in technology are felt throughout the value chain of the
industry, including up to the level of the logistics sector of delivery of parts. As part of the
fourth industrial revolution concept in itself, the elements of digitalisation, automation and

mechanisation are used interchangeably, hence all three concepts are part of 4IR.

The use of new technologies in the OEMs and supplier companies also mean that workers face

varied problems and new requirements stemming from these technologies. Some of these



problems for workers include short-time shifts, which equate to lower pay (NUMSA, 2019).
The declining employment statistics in the South African automotive industry indicate that
automation is indeed impacting workers’ jobs and position roles and responsibilities, as is
evident from the increase in the number of retrenchments, as described in the various reports
and media statements in 2020 and 2021 (NUMSA, 2019). This is further adding to the crisis of
unemployment and inequality in the country (NUMSA Research Institute, 2019). Therefore,
central to this study is answering the research question of how have workers’ jobs in the
automotive industry, specifically in OEMs and supplier companies (Lear Corporation and
Schnellecke) been impacted by the implementation of the 4IR technological changes

introduced at the South African automotive plants?

1.2 Problem statement

This study is premised on the problem under investigation and that is to identify how the
introduction and implementation of 4IR technologies on workers’ jobs in the production plants
in OEMs and supplier companies are impacting them. Workers employed in the OEMs and
supplier companies identified in this study are subjected to technological changes being
implemented, in the form of the digitisation (4IR) that is currently taking place in South Africa
broadly, and specifically in the automotive industry at an accelerated rate. This is potentially
having both positive and negative effects on workers and their jobs, skills levels and working
conditions (McKinsey, 2017:1-8). Currently, there are various changes taking place in the
production plants at the two OEMs, as well as supplier companies, which are changing the
nature, the job specifications, criteria, as well as job roles and responsibilities of workers
employed at the above OEMs and supplier companies. The source of these problems, according
to (Accenture, 2022:3) , is that various forms of new technology and innovation designs in the
production plant processes have caused unilateral changes to the way workers currently
perform their job functions resulting in workers being put on temporary leave. This comes in
the shape of the kinds of tasks that workers used to operate, the type of methods of operation
they used to adopt, as well as the kinds of skills they used to perform a particular work task,
which are all changing, and, according to workers in these plants, these are primarily due to
the change in work operations that have been implemented, both locally and globally, as a
result of the new technologies, since all OEMs and supplier companies operate on a single
mandate, specifically supplier companies Lear corporation and Schnellecke, in that changes
and standards are implemented through the entire automotive value chain, both locally and

internationally.



Studies done by Bormann, Fink, and Holzapfel (2018), reiterate changes in salary and wage
structures due to work reorganisation adjustments at the production plants, health and safety
concerns brought about due to the accelerated speed of the implemented robotics, as well as
the extra workload due to work tasks not being replaced by actual workers due to the natural
attrition approach by the companies to replace the work previously done by workers, now
undertaken by robotics and automated systems of innovation. The problem under investigation
in this study is how the introduction and implementation of 4IR technologies are impacting

workers’ jobs in the production plants in OEMs and supplier companies.

1.3 Research Questions

To arrive at certainty regarding the impact on workers’ jobs by the implementation of 4IR
technologies in the selected OEMs and supplier companies, this study sought to find answers

to the following research questions:

I.  How do new 4IR technologies impact job roles and responsibilities within the
automotive industry, specifically at OEMs, and supplier companies?
ii. What are the specific organisational problems faced by workers during the
implementation of 4IR technologies at OEMs and supplier companies?
iii.  Why and in what ways do 4IR technologies lead to work changes in the automotive

industry?

1.4 Research Aim and objectives of this study

To realise the goal of the research question of this study, the following theoretical and empirical

objectives were addressed:

I.  to explain how new 4IR technologies are impacting workers’ jobs by means of actual
job changes in the automotive industry, specifically in the two OEMs, as well as the
two supplier companies.

ii. to analyse the worker organisational problems being experienced by the
implementation of 4IR technologies at the respective OEMs and supplier companies
that are affecting workers’ conditions of employment.

iii.  To identify in what ways and why do 4IR technologies lead to work changes in the
automotive industry, and how do these changes manifest as "worker-specific

problems™ within the context of OEMSs and supplier companies.



1.5 Significance of the study

This study contributes both to the theory and practice of the Development studies discipline.
Since it is the reality that 4IR technology is a recent knowledge factor in the field of
development practice, this study also contributes to the multi-disciplinary knowledge in
Development Studies, Business Management and Business Technology, as well as Human
Resources. Those in Business Management are likely to understand the impact of robotics on
employment and the change in supply and demand. Those in the field of Human Resources are
likely to learn how to deal with labour matters during the introduction of new technologies in
the work environment. This research impacts future research in that workers in industries may
use the research as a best practice or guideline in mitigating the impact of technology on the

future of work. The study will play a significant role in academic and scholarly research.

1.6 Scope and delimitation of the study

The scope of the study focus was on workers in the automotive industry because this industry
has been transitioning at a larger scale through technological changes. As seen in the various
sector demands for industrial robots the International Federation of Robotics depicted the
automotive industry as the industry with the highest demand level for industrial robots. Hence,
the study scope focuses on workers employed at the two OEMs and supplier companies (Lear
Corporation and Schnellecke) as the target population to the extent of showing how changes in
the production process have caused job changes in terms of workers’ conditions and
specification changes during the duration of the research study. The study does not address the
technological problems by workers in other OEMs and supplier companies, as production
processes in each company varies accordingly. The findings of the study therefore cannot be

used to generalise the impact of technology on other OEMs.

1.7 Definition of key concepts

This chapter defines the key concepts used in this study in the context of the study and the

subject matter of the research.

Fourth Industrial Revolution: According to Hoque (2019:1) the term refers to “the unfolding
age of digitalization from the digitally connected products and services, to advancements in
smart cities and factories and increasingly common automation of tasks and services in homes

and at work.”



Automation: The concept automation in the context of Industry 4.0 can be identified as a group
of technologies that are permitted to carry out machine functions and operations within

systems, in the absence of crucial human involvement (Papulova, Gazova, & Sufliarsky, 2022)

Original Equipment Manufacturer: The concept can be defined as Original Equipment
Manufacturer. In essence, an OEM is any company that manufactures a system or part that is

utilised in other companies’ items or products respectively (Economic Times, 2023)

Supplier companies: According to Bailey, (2004:6-8), in an automotive industry, there are
different TIER suppliers that deliver to OEMs. Tier 1 Supplier: Companies that supply OEMs
with components and semi-manufactured goods and Tier 2 supplier companies that supply tier
one suppliers which are those that supply directly to OEMs and lastly, the Tier 3 supplier

companies that supply parts and sub-components to Tier 2

Digitalisation: The term “digitalisation” as defined by Schumacher, Sihn, Erol. (2016:1-5) as
“the adoption or increase in use of digital or computer technology by an organization, industry,

country”

Electric vehicles (EV): Electric vehicles (EVs) according to Wu, Freese, Cabrera, and Kitch,
(2015: 52-67) include both plug-in hybrid (PHEVS) and battery-powered electric vehicles
(BEVs). PHEVs usually have a moderately sized energy storage system and an internal
combustion engine to ensure most miles are electrified while retaining the range capability of
today’s internal combustion engines (ICE) vehicles. BEVs are entirely battery dependent and

provide complete petroleum displacement for certain vehicle sectors.

1.8 Structure of Dissertation

This dissertation is made up of five chapters as detailed below:
Chapter 1: Introduction and background to the study

Chapter 1 sets the scene of technological changes implemented in the production plants at the
OEMs and supplier companies under study and provides a foundation for understanding and
context as well; further, it introduces the dissertation, problem statement, research questions,
research aims and objectives, the significance of the study, research scope and delimitations,

definitions of key concepts and the chapter summary.

Chapter 2: Literature review



The literature review of this study presents an overview of research that has been done in the
past but in the context of how previous industrial revolutions have impacted work and how
new forms of technologies, as part of the 4IR technological transitions, have put jobs at possible
risk, by reshaping the production process as well as the new skills requirements for the new
forms of jobs. It also describes the theoretical framework of the research. Further, the literature
review is organised, based on the objectives of the study and discusses various technological
innovations and problems in the automotive industry, the individual technological changes and
problems at specific OEMs and supplier companies and the dimensions of variables, such as
the previous impact of technology on jobs and skills as well as what models of transformations
look like.

Chapter 3: Research Methodology and Design

This chapter discusses the research methodology that was used to carry out the research study.
The research design, research population and sampling, data gathering procedure and methods,
data analysis strategy, including the reliability and validity, ethical considerations adopted for

the research, are discussed in this chapter and lastly, the summary.
Chapter 4: Research Findings and Discussions

This chapter consists of three sections detailing the findings. The first section articulates the
details of the impact on job roles and responsibilities that include, actual job changes
experienced by workers as a result of new technology being introduced at their respective
companies, noting work changes before and after the introduction of the new technologies as
are seen in the relevant figures presented from findings at each OEM and supplier company,
as well as the skills development landscape and current and future skills development
requirements, as well as worker problems in achieving skilling and reskilling for the future
forms of work. The second section, consists of worker-specific organisational problems and
the third section, deals with work changes in the automotive industry. The research then returns
to the research question and discusses the results extensively while relating them to the

proposed conceptual model.
Chapter 5: Conclusion, contributions and recommendation

This chapter brings the dissertation outcomes to a close in this chapter with the conclusion,

contributions and the recommendations of the research study. Ultimately, the areas of future



research arising from this study are also briefly identified to create opportunities for workers

in the future world of work.

1.9 Chapter Summary

This chapter contextualised the study by specifying specific research questions driving the
study. The chapter then gives a background to the research problem and rationale for the study.
It further explains the research aims and objectives, the significance of the study, the scope and
delimitation of the study, key concepts and the structure of the dissertation. This next chapter

provides an overview of, and provides a foundation for, the rest of the thesis.



CHAPTER 2: LITERATURE REVIEW

2.1 Introduction

The previous chapter concentrated on the introduction to this study. This chapter present the
theoretical framework and the literature review that explains the various technologies that
(OEMs) and supplier companies have deployed at the factories under study. Further, the
chapter presents the Global and the South African impact of the fourth industrial revolution.
Additionally, it explores the problems that these technological changes present to the job
functions of the workers, as described in the problems impacting workers in the various
companies. The chapter offers a succinct overview of the conceptualised digitalisation models
for the automobile sector. The identification of gaps in the current literature and insights is
crucial in academic research. This literature review aims to provide historical insight into the
automotive industry, its structure, and operations. It focuses on understanding how
technological changes brought about by the Fourth Industrial Revolution (4IR) have impacted
workers' jobs in the automotive industry and specific OEMs and supplier companies. It also
discusses the theoretical and conceptual framework that guides the research in examining the
impact of technology on jobs in the past. In addition, it explores innovation and its impact on
jobs with industrial revolution technologies, as well as how jobs are being automated by digital

work.

2.2 The global automotive industry and economic outlook

In understanding the local automobile industry, it is important to understand the global
automotive industry that forms the base in which local markets operate. The global automotive
industry manufactures approximately 60 million cars and trucks per annum, as well as being
accountable for approximately half of the world’s oil consumption, employing approximately
four million people in direct employment and more in indirect jobs Industry Week (2007). The
automotive industry is one of the most global of all industries, with its products spread around
the world, dominated by small companies enjoying worldwide recognition (Barnes & Morris
2008:32).

The global automotive industry, from the viewpoint of (Cassia and Ferrazzi 2018:3), is an
origin of technological and managerial transformation, perceiving vehicles as not just a means
of transportation but rather a means of status and privilege. Unlike other manufacturing

industries, the automotive industry is seen as much more than vehicle manufacturing of



passenger cars, and light commercial and heavy-duty vehicles. Rather it is seen as a driver of
industrial development in several countries and a source of technological improvements and
innovation with a major role in the economy. The local automotive industry, based on its
revenue size, as described by the national association of automobile manufacturers of South
Africa (NAAMSA) automotive dashboard data (2022), showed that the export value of vehicles
and automotive components increased by R19, 8 billion, or 9, 5%, from the R207, 5 billion in
2021 to a record R227, 3 billion in 2022, comprising 12, 4% of total South African
exports (NAAMSA, 2022). According to  McKinsey (2013), the industry is also one that has
seen constant change from role players to industry standards, demands, customisation from
niche markets and technological as well as environmental regulation pressure, to conform to
gas emission regulations and standards, as set out by the industry players and government

regulations.

Based on the transformative changes in the automotive industry, it is dividing the industry into
major vehicle segments based on the highest prices and margins that occupy the market, with
problems of digital demands and a constantly shifting industry landscape with changing
demands as the current status quo in the industry. Vehicle production does not only encompass
the industry but consists of components to assemble the vehicle as well, which cuts across value
chains supporting at least five other jobs in the supply chain, according to McKinsey (2016),
therefore affecting the economy both directly and indirectly. The automotive industry is
described as being the pioneer of Industry 4.0, organising the production process by
technological devices communicating autonomously along the value chain. Industry 4.0 is
described as “the result of a series of disruptive innovations in production processes”
(McKinsey, 2013). The literature points out that vehicle manufacturers are expected to gain the
most from industry 4.0 by increasing their manufacturing processes and production capabilities
with increased productivity. The automotive industry is faced with environmental pressure to
reduce their carbon footprint, but evolving into a greener way of production is expensive to the
manufacturers in the industry and with the help of advanced technologies, manufacturers are
said to be trying to save on labour cost, to increase their profit margin at the cost of labour, as

shown, hence the “disruptive impacts of industry 4.0 for workers and their jobs”.

The following section looks at the developments in the automotive industry, trends in the
automotive industry, and different types of technological advancements in the automotive
industry, technological changes in the various OEMs and supplier companies, the (OEM),

Bayerische Motoren Werke (BMW) globally, the South African Automotive Industry,
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Bayerische Motoren Werke ( BMW) South Africa, contextualising the South African economy
and digitalisation’s potential impact on workers and lastly, technology and jobs in the fourth

industrial revolution.

2.2.1 Developments in the automotive industry

In recent years, labour-saving technologies, along with globalisation, have decreased jobs in
manufacturing, especially in advanced countries, such as Germany (Rothman, 2013).
Numerous studies envisage major job losses due to automation (Frey & Osborne, 2013), and
that almost half of United States (US) workers could face the risk of their jobs being automated
by 2030. Developing countries, and South Africa in particular, are not immune to this trend
either, as multinational companies in the automotive industry, such as those OEMs used in this
case study as part of this research and supplier companies that determine the operating
conditions in South Africa and other countries. As a result, some of these conditions are
contained in global framework agreements (GFA) (2018), and countries have to adhere to such

conditions, as stipulated in the signed agreement.

In the book by authors, (Comacchio, VVolpato, & Camuffo, 2012: 104-107), titled * Automation
in automotive industries” that bases the discussions on automation, manufacturing organisation
and management of workers, the author is of the view that the key drivers of the technological

and organisational change is the diffusion of the “lean management systems”.

As a result of rapid automation in manufacturing, particularly in the automotive industry, as
implemented in high-income countries, there will be less demand for manual work requiring
workers, who are semi or unskilled and those who are employed in these emerging markets
(Pardi, Krywdzinski, & Luethje, 2019). As seen in the employment figures projected in
sustainability reports and financials globally in the (OEMSs) and supplier companies, these
companies show a decline in employment numbers from 2017 to 2020. Further, this is
supported by the figures presented by the (International Federation of Robotics, 2020), which
show the automotive industry as having the largest demand for industrial robots. This is mainly
due to automotive production plants automating the processes in the production line and a

change in the OEMSs and supplier companies’ business models.

According to the World Economic Forum (2020), it is estimated that by 2025, 85 million jobs
may be replaced by a change in the division of labour between manual work and machines,

while 97 million new roles may emerge that are more modified to the new division of labour
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between manual labour, machines and formulas, across 15 industries and 26 economies (WEF,
2020). Currently, on the shop floor in the OEMs, as well as the supplier companies, changes
experienced by workers in the above include change of job roles, for example, from assembling
parts on the production assembly line to more administrative and analytical tasks, such as
monitoring and reporting production using a tablet to analyse production in “real-time”,
remotely. Often older workers and unskilled workers initially in assembly job roles are unable,
or find it challenging, to undertake the new roles assigned to them, especially as Information
Technology skills are required for operating new technology, as per interviews done with

workers in the companies under research.

Current competition in the global automotive market is also forcing car manufactures to
reinvent and realign their growth strategy for manufacturing to remain competitive
(PricewaterhouseCooper, 2017). Companies are required to manufacture a variety of new car
models for an ever-changing niche market at the lowest possible cost (Auto Beat, 2008). With
this strategy in mind, the view in the automotive industry is that manufacturing systems would
have to evolve to accommodate economically viable product variations as well as current
climate change regulations. It is therefore important to look at the various aspects of the
automotive industry value chains, business models, production flows, and worker roles and
responsibilities to show the impact of mechanisation on workers and the future of work in its

current state of transition.

2.2.2 Trends in the automotive industry

The paper by Sturgeon, Memedovic, Van Biesebroeck and Gereffi (2009: 1-2) identifies
important trends in the automotive industry which includes a boom in developing country sales
and production. The paper highlights how global, regional, national and local value chains are
nested to create a pattern of global integration. It contributes to this study in that it shows the

trends in the industry, specifically the increase in production with the use of industrial robots.

The International Federation of Robotics (IFR) (2020) clarified that the automotive industry is
the most important client in terms of its purchases of industrial robots, with about 28% of all
installations taking place in the industry with a peak of 125,581 units in 2018. From 2014 to
2019, there was an annual increase in industrial robots of 2% (CAGR); this resulted from car
manufacturers restructuring their business models due to the economic crisis experienced in
2008/2009 but declined in 2019 by 5.2% as vehicle production transitioned from combustion

engines to electric vehicles (EVs). From 2014 to 2019, annual installations in the automotive
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industry increased by 2% on average each year (CAGR). After the economic crisis in
2008/2009, car manufacturers started to restructure their businesses. Since 2010, investments
in new production capacities in emerging markets and investments in production modernisation
in major car-producing countries have driven the demand for robots. Figure 2.1 shows the

upward trend of the installation of industrial robots year-on-year in the automotive Industry.
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Figure 2.1: Installers of Industrial Robots
Source: IFR (2021)

Trends in the automotive Industry consist of battery technology as the most important enabling
component in the manufacture of electric vehicles (EVs), which is powered by the major
mineral component of lithium. The trends from the automotive industry transformation from
combustion engines to electric vehicles are due to the move to the low carbon economy and
reduced carbon dioxide (Co2) emissions that negatively affect the environment in the form of

climate change, as well as other environmental changes, that include land and sea animals.

The largest trend impacting the automotive industry is the transformation of vehicle production
processes with digitalisation and automation at the centre of the change, seeing man and
machine collaboration, recently referred to as Industry 4.0. Figure: 2.2 is a graphic

representation of the new and progressing trends in the global automotive industry.
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Figure 2.2: Trends in the Automotive Industry

Source: VW (2021)

Further, the automotive industry consists of various automotive clusters, shown
diagrammatically in Figure 2.3 (NAAMSA, 2021). The various clusters are strategically

placed, regionally in the country and consist of global and regional value chains, both upstream
and downstream.

W

Figure 2.3: Automotive clusters in South Africa




Source: Mahomedy (2021).

2.2.3 Types of technological advancements in the automotive industry

Sierzchula, et al. (2012:211-220) examines the technological diversities due to innovation in
the automotive industry and further explains that the automotive industry has a high level of
uncertainty because of its transitioning to electric vehicles as the dominant design and the
results of the study, based on the data, showed an increase in technological diversity and that
automotive manufactures are continuing to use technology and it also examines how
institutions can support the transition toward more sustainable automobile transitions. This
study builds on this knowledge of how the industry is transitioning technologically and using

sustainability measures to mitigate problems.

One of the (OEMSs), as part of this study, BMW, is working with additive manufacturers with
the dissemination of the technology further, using aspects of the technology such as virtual
reality (VR) and augmented reality (AR), where machines communicate with each other and
their human operators, as a resource in addressing problems experienced in the manufacturing
process. This often happens in real-time. New three-dimensional printing (3D) is being
introduced to the automotive industry, called HP Metal Jet, which is intended for the production
of steel parts, which is intended for use in VVolkswagen, for the production of electric vehicles
(VW, 2021:1) .

Since the transition and pressure from the World Trade Organisation, the automotive industry
has been transitioning in the production of vehicles using combustion engines to a greener and
environmentally friendlier approach to reduce the level of carbon dioxide emissions (Co2),
hence the rapid move to the production of electric vehicles (EVs). Battery Electric Vehicles
(BEV) comprise the technology to be acquired to minimise the input of vehicles to climate
change, however for a constructive approach of BEV technology in the market, a significant

shift to green energy generation may be required (Mamalis, Spentzas & Mamali, 2013).

2.2.4 The Original Equipment Manufacturers, Bayerische Motoren Werke (BMW)
Globally

BMW, as an original equipment manufacturer, is one of the leading luxury car brands in the
world with an estimated revenue in 2020 of 99 billion euros (Carlier, 2021). It is based in
Germany and has factories in many different countries, including Brazil, India, South Africa,
the United Kingdom, the United States, Mexico, and China. The latter is becoming BMW's
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most important market with about one-third of vehicle sales in 2020 in China. BMW also

operates in a joint venture with the Chinese company, BMW Brilliance Auto.

The OEM is said to represent the global number of BMW Group employees of approximately
120,700 between the fiscal year of 2006 and the fiscal year of 2020 (Carlier, 2021). Based on
the current vehicle statistics at (NAAMSA, 2021), the increase in electric vehicle production
(from 20 to 30) is a process to replace current combustion engines. The automotive industry is
currently undergoing a significant transformation, resulting in various effects and
modifications throughout the value chains. Specifically, the automotive value chain within
BMW is experiencing shifts in job roles and positions, as well as systematic changes in working
hours and salary adjustments. These adjustments are primarily due to a decrease in working
hours caused by work stoppages resulting from mechanical breakdowns of robotics in the
vehicle production assembly line. The repair of these breakdowns necessitates the expertise of
specialists located exclusively in Europe. Consequently, these work stoppages have a ripple

effect on the entire company and its workforce.

According to Whitton (2021), BMW Group’s IDEAL works (IW) subsidiary’s stated goal is
for IW to become a leading supplier of autonomous mobile robotics (AMRSs) solutions in the
logistics sector. BMW has also been in partnership with other stakeholders in the development
of mobile robots for internal use in factories for the specific purpose of automated material
handling, as well as automated forklifts. Currently, BMW has been using the IW for its
production facilities since 2017; this was done in the seat production and with more automation
developments of up to eight robots, apart from the automated production and assembly line,
and these IW hubs are responsible for running the seat assembly lines in ten-minute cycles with

pre-assembled backrests, heads and centre armrests within BMW (Whitton, 2021).

Moreover, Greenfield (2021) reveals that to produce its custom-configured cars faster, BMW
Group will be using the robotics platform as part of its factory logistic robots. At BMW, the
assembly of vehicles involves the process of handling millions of parts circulating into the
factory from more than 4500 supplier sites, as a result, there is a huge volume of configuration
that goes into customised vehicles, hence the move towards using four types of material
handling robots and a smart transport robot. BMW has the following robots currently
operational in its plants: stationary split bots that take full plastic boxes from the pallet in the
incoming goods area and place them on a conveyor system that transports the boxes to a
warehouse. The split bot also makes sure the containers are lined up correctly for automated
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storage. BMW’s autonomous smart transport robots (STRs) can identify obstacles, such as
forklift trucks, as well as humans, to suggest alternative routes more accurately and quickly, as
needed, in the BMW facility. Wagner (2021) specifies that the statistics show BMW vehicle
sales between 2014 and 2020 as seeing some 28000 units of its electric vehicles sold. This is
an indication of the demand for electric vehicles (EVs), as well as the lower manual labour that

goes into the production of EVs.

2.2.5 The German Automotive Industry

The examination of the German automotive industry is important in this study, as the
automotive industry’s strongest player within the OEMs and supplier companies, is the German
automotive industry as multinational corporations whose policy decisions affect the whole
automotive value chain, both locally and globally. The German automotive industry, according
to Bormann et al. (2018:16), states that the German automotive industry in terms of their
mobility trends are transforming into four mobility trends, namely, electric vehicles, new
networks new competitors, automation and mobility, as a service and the future paths for the
automotive industry. Bormann mentions that the above trends have the potential to overturn
the automotive industry but believes that true revolution would have to lie in the combination
of the four trends. He further explains that new forms of organisational culture and new forms
of employment, as well as the problems in employment, are a result of new technologies but
describes as some of the strategies, such as organisational culture, to try and avoid structural
distortions and the loss of jobs and skills. This literature is relevant to this study because this
study examines and further expands on the problems that Bormann mentions, specifically
skills, in a more descriptive manner and in a way that looks at specific OEM and supplier

companies and their future development paths.

The German automotive industry, unlike the South African automotive industry, is highly
advanced, due to the country’s fully developed and prosperous economy. According to
Bormann, Fink, and Holzapfel (2018), the future of the German automotive industry is guided
by its design, rather than a disaster, with 20th-century models of the industry dissolving and
thus putting the industry under pressure, affecting the economy and employment due to its
innovation policies and its shift towards electrification and automation. The industry is moving
from fossil fuels to renewable, battery and electromotive motors with digital platform ecology

and new business models are becoming apparent.
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The German automotive industry is Europe’s number one automotive market in vehicle
production and sales, also consisting of the largest concentration of OEM plants in Europe. The
automotive industry employs 820,500 workers, in the 945 OEMs and suppliers’ companies
with an industry turnover of 423 billion Euros; the automotive industry has high and stable
employment figures with innovation playing a key role in the sector, driven by mobility trends
in urbanisation (Bormann et al., 2018). The German automotive industry has strong research
and development leadership, as well as high investment in the industry, amounting to

approximately 22 billion Euros (Germany Trade & Invest 2018).

Technological trends in the industry include sustainable mobility, the development of
alternative drive technologies and an environmentally friendly path of carbon emission
reduction targets with the unitisation of renewable energy. The automotive supply chain in the
industry, according to the Germany Trade and Invest organisation (2018), is constantly
changing in terms of its structure and business model, moving to a value creation return
approach. The value chain consists of tier 2 and tier 3 suppliers, cutting across all industries
with the goal of lightweight technology at the centre of the value chain. According to this
literature, digitalisation may have the strongest disruptive and dangerous innovation effects
that might cause structural distortions if losses of new forms of co-operation and organisational

culture are not sought, endangering 600,000 jobs (Bormann et al., 2018).

The German automotive industry portrays the dynamics of the industry and its intricacy as a
major multinational player in the automotive industry, however, in comparison to the South
African automotive industry, the lack of investments in research and development as well as
skills development, impacts the automotive industry in South Africa, as most workers are semi-
skilled or unskilled. The changing structure of business models to a more “value creation
approach,” driven by technological innovation is moving vehicle production to sites offshore,
impacting employment on a large scale with ripples in a socio-economic context in an already
fragile economy, such as South Africa. OEMs and supplier companies implementing

optimisation strategies have implications, both positive and negative, for workers.

2.3 The South African automotive industry

Barnes et al. (2008: 1) made reference in terms of sustainability in the global automotive
industry, and ways in which developing economies could learn from South Africa about linking
into global automotive value chains. This study builds on the knowledge of the automotive
industry sustainability, in that it aims to expand on skills development which is a key element
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of sustainability of jobs. South Africa is a manufacturer and supplier of high-quality vehicle
and automotive components to world markets. This includes the SA (OEMSs) that manufacture
passenger cars, light, medium, heavy, and extra heavy commercial vehicles, and buses. The top
export destinations of these vehicles include the United Kingdom (UK), Germany, Japan,
France, and Australia, with total vehicle exports of approximately 271,288 units (NAAMSA,
2021). The automotive sector employment is currently at 76,800 and represents about 460,000
highly skilled, direct jobs in its formal sector supply chain. The new vehicle sales are 380 206
units and the total vehicle production at 447 218 units. The percentage of South Africa’s vehicle
production as a percentage of Africa’s vehicle production is 62, 1% (NAAMSA, 2021). The
automotive industry has clusters for socio-economic improvement in geographic groups in
Gauteng, KwaZulu-Natal, and the Eastern Cape, seeing a total of 430 automotive component
companies. In terms of the South African automotive policy, this has evolved due to
interventions from stakeholders who now see it at the level of the automotive master plan
consisting of six pillars, which is allocated to the growth of the economy with a focus on six
strategic implementation pillars, including local market optimisation, regional market
development, localisation, infrastructure development, industry transformation and ultimately,

technology and associated skills development (Barnes et al., 2019).

The South African automotive industry is facing a clear set of problems, such as global
technology, environments, and competitiveness, together with depressed domestic and regional
market conditions (Barnes et al., 2019). According to Koenig (2021), the automotive industry
is advancing as one of the most rapid industries toward automation, seeing vehicle
manufactures move towards using what they call collaborative robots known to them as
“cobots.” This new technology in the automotive industry is much smaller in size and can be
used in collaboration with manual labour operators. The automotive industry is already, by far,
the largest user of industrial robots and continues to see further potential for their use (White,
2021).

The automotive industry is one of the most successful industries among other economic sectors
due to its Automotive Production Development Programme (APDP), as shown by increased
levels of investment (R7.3 billion), according to the report in the automotive export manual
(Lamprecht, 2020). The industry is undergoing various changes due to technological advances
and changing business models brought about by new digital technology and the onset of
autonomous vehicles and electrification. The shift to new technologies is to reduce costs. This

industry has a broad value chain and because of its manufacturing capacity, impacts job
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creation on a large scale, having upstream and downstream linkages. Evidence from Lamprecht
(2020) demonstrates that this sector has an average monthly employment by vehicle
manufacturers of 30250 and the component sector contributes 80,000 to automotive sector

employment.

2.3.1 The South African automotive industry value chain

According to Tolmay et al. (2015), the automotive industry is one of the most successful
industries in South Africa. The industry competes globally and applies practices considered as
best practices, particularly those in supply chain management. The industry is characterised by
networks of collaborative relationships on different levels which includes the relationship of
the OEM with the supplier companies. These value chain relationships, as described, narrate
the issues as described in this study, as the value chains and its relevance in this study is
expanded by showing job impacts, specifically for workers in the actual supplier companies
that are key in the value chain. Within the automotive clusters, there is a further value chain in
the automotive industry. The automotive value chain covers the entire range of activities from
the building of the vehicle bodies right up to the point that the vehicle is on the sales room floor
before its final delivery into the hands of a customer. This entails various tasks and companies
with associated roles for the final production of vehicles. The automotive value chain thus has

both upstream and downstream activities associated with it, as shown in Table 2.1.

Table 2.1: The Automotive Industry Value Chain consists of the following both upstream

and downstream activities

Suppliers to the Industry Main Customers of the Motor Industry
Steel companies The public

Workshop equipment suppliers Car rental sector

OEM parts manufacturers Government departments

Generic parts suppliers Public transport entities

Paint suppliers Private transport companies

Insurance companies Short-term insurance industry
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Fitment companies

The public

Tyre companies

Car rental sector

Parts manufacturers

Government departments

Recycling companies

Steel companies

Source: Automotive Vehicle report (2021).

According to a business report by the University of Fort Hare (2020), it was reported that with
the increase of technology in South Africa’s automotive sector, the majority of the work put
into the assembly of a vehicle has been automated in an attempt to make the process of

manufacturing and production of motor vehicles completed at a faster rate (Fourie, 2021).

Chigbu and Nekhwevha (2022: 726-747), indicated that body shops are fully automated, the
automotive paint sector is 80% automated, and car assembly lines are 20% automated. Many
workers are no longer fully using their skills as robots do most of the work. The increase in job
automation and deskilling can result in job losses over time (Fort Hare University, 2020). A
seen in the Figure (Figure 2.4), there was a downward trend of employment before the onset
of the Covid 19 pandemic. The automotive employment shown is a graphic depiction of the

downward trend of employment in the OEMs and supplier/component companies.
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2.3.2 Technological Changes impacting workers in South Africa

According to Millington (2017:2) “the estimates of how many jobs are vulnerable to being
replaced by machine vary but it is direct that developing countries are more susceptible to
automation compared to high-income countries”. Millington further explains that blue collar
jobs traditionally have been automated but with the appearance of automation, a greater area
of jobs are at risk and that highly-trained and skilled jobs can be more at risk than more varied,
lesser skilled jobs and ultimately, that the future of work should be inclusive and sustainable.
This section presents the technological changes impacting the workers in the OEM (VW, BMW
and the Supplier companies).

2.3.3 Technological Changes impacting workers currently in VWSA plant in South
Africa

Currently, at the OEM, workers are experiencing an influx of new technology in terms of
robotics, especially in the use of industrial robots. Since 2016, 320 new robots have been
installed at (VWSA) Body Shop in the Uitenhage factory, which consists of the new Kuka
robots installed at the body shop, which form part of the Modular Transverse Matrix (MQB)
platform, which is currently being used in the Uitenhage factory, according to workers BMW
(2021). The Kuka robots will perform monotonous, high-precision work, which will allow
Body Shop employees to focus on tasks which require human involvement. Workers are now
said to perform tasks that require more human involvement, which according to them, is
reducing jobs drastically. The reason for the introduction of the robots, according to workers’
inputs from management, is that the specialised robots introduced at the body shop allow for
higher expected volumes and improved quality and this technology enables VW to produce
more than one model on one single assembly line (Cassia & Ferrazzi, 2018: ). These new robots
are said to have advanced sensory capabilities that allow for increased safety, as well as using
much less energy and contribute to cost-saving production outputs, however, for workers, it

seems to be costing them in the production plants, such as changes in work conditions.
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Figure 2.5: New forms of technology in VW, the “Kuka” robots

Source: Venter (2016).

2.3.4 Technological Changes impacting workers currently in BMW plants in South
Africa

In BMW, currently, lightweight robots, intelligent devices, and exoskeletons are supporting
workers in their production atmosphere making it leaner, according to BMW. Workers are said
to be undertaking tasks that have value creation, quality management, and precision work
(BMW, 2021). The robotics’ core function is to assist in carrying heavy material, for example,
repetitive jobs. The robotics in these plants are said to be mobile and able to move around with
ease even in awkward work areas as they are designed to fit a particular production process.
Currently, more than 40 lightweight robots are operational at the BMW Group plants, and 60
will be functional by mid-year (Schillmdéller, 2017: 1).

The employment of robots in the current and future world of work that is undertaken by
automation and digitisation of production processes in the automotive industry largely will be
by means of collaborative robots. These collaborative robots at BMW represent key technology
to aid the transition at BMW plants. There are various problems, as well as, possible benefits,
of using collaborative robots, emphasising the importance of a careful evaluation of their
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impact on health and safety on human work, (Weidemann, Mandischer, van Kerkom, Corves,
Husing, Kraus, & Garus, 2023: 84).

Other interventions at the BMW plants include fitting workers with work mittens with product
code scanners attached to the hand to exclude the weighty steps of elevating the scanner,
scanning an object and putting the device back. The digital scan process in BMW is operated
when the worker discharges a mechanism with the thumb that triggers the scan. These
individual automated hybrids of manufacturing processes are meant to improve and accelerate

enhancements in technique quality and functional design. Approximately 230 of these

inventive safety mittens will have been in use at the OEM Group as of 2018, according to
(Price, 2017: 1)

Figure 2.6: Collaborative Logistic Robotics at BMW
Source: Nvidia Corporation (2021).

Direct man-machine co-operation is practised in Germany, with conventional, expansive
commercial robots. In the transmission insertion component at BMW Group Plant Regensburg,
workers are said to lead sizeable industrial robots to the screw attaching depot. While a beam-
based network bolsters the process of positioning the industrial robot, the precise location is
determined by the skilled worker. These kinds of interventions and applications were

formulated by the on-site team consisting of workers themselves.
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2.3.5 Technological Changes impacting workers currently at the Lear Corporation plant
in South Africa

The technology used in the automated warehouse, which is a conveyance system, transports
components from a multi—level storage racking to the production area with the least handling
by manual labour; it also replaces stock and manages floor space by freeing up space for
production (Duddy, 2018). The racking system can store approximately 20,000 trays of
products in two sizes and is attended by 14 multi-level shuttles (MLS) in four of the lanes and
a single mini-load crane in the central fifth lane. This design of this automated system is said
to have the potential to put out 770 trays/hour to picking stations, where items for each order
are assembled. This allows completed orders to be delivered by conveyor to a designated drop
point in the assembly area (Duddy, 2018). This ASRS system also allows roughly 185
trays/hour to be dispatched from an incoming induction area into the racking area. The shuttles
and cranes are dense and speedy, allowing Lear the maximum amount of storage and output
required by the company, allowing all kinds of products to be stored in various parts of the
system (Duddy, 2018). All of the above tasks, according to workers, used to be operated
manually but now, due to the implementation of robotic and digitalisation systems, most job

tasks have changed with workers being reorganised into other tasks, roles, and responsibilities.

Ultimately, job roles, such as stitching frame making, are now automated by the use of smart
factory technologies in automation, additive manufacturing, as well as data and digitalisation,

to perform these tasks in the seat company.

Figure 2.7: Smart factory technology at Lear Corporation

Source: Lear Corporation (2020D).
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Schnellecke South Africa is also using many technologies to automate their processes,
according to workers. They are combining all the processes of the company to offer a more
digital solution that were previously manually done, for example, by replacing manual waybills
for package delivery with scanning technology that now requires less physical manpower. Most
of the processes in Schnellecke currently are nearly 90% autonomous and self-organised due
to the internet of things (IOT) architecture and real-time reporting by systems put in place by
the company, hence this affects the number of workers required for the previous manual
operation (Schnellecke, 2001:1).

2.4 Bayerische Motoren Werke (BMW) South Africa

The BMW plant in South Africa is based in Rosslyn, Pretoria. This is largely due to BMW’s
billion-dollar investment in the Rosslyn plant in the mid-1990s. The investment, used to
upgrade the production facility into one of the most modern in the world, brought Rosslyn in
line with other BMW Group plants across the world and earned it the title of BMW Group
Plant Rosslyn. BMW continues to invest in the South African facility in preparation for the
production of future models. The BMW Group Plant Rosslyn is currently producing the sixth
generation of the 3 Series and is capable of producing up to 75 000 units per annum and over
85% of all BMW 3 Series vehicles produced at the Rosslyn plant are destined for BMW
markets in the United States of America, Taiwan, Japan, Singapore, New Zealand, Hong Kong,
Australia, Sub-Saharan Africa and Canada (BMW Group, 2017). According to Morkos et al.
(2012:101), advancement technologies in BMW, include BMW’s preliminary investigation
and applicability study of implementing mobile devices within their manufacturing
environment to view potential benefits that could be achieved, include the use of technology

within the vehicle that allows for more effective communication and data sharing/recording.

With the current synopsis on technological advances about the implementation of the fourth
industrial revolution technologies, BMW as an OEM, is forging ahead with the continuing
implementation of modernisation in the company’s production processes and shop floor
activities. This is being undertaken by the use of what is termed “assistance systems,” that is,
sophisticated technological systems put in place at each workstation. According to BMW, the
implementation of the system is to mimic tasks that are ergonomically not viable for workers

and hence allow them to utilise cognitive skills optimally instead.

Another example is the use of augmented reality applications on smart devices, such as tablet
computers, on which the image of a component can be overlaid with virtual specifications. The
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tablet computer then compares and evaluates the actual and target states, allowing the worker
to determine whether the part matches the target requirements to identify and resolve potential
issues early on. These advanced manufacturing techniques are being used in the automotive
industry due to its accessibility and potential for generating innovative solutions. It allows
workers to obtain certain information they need about some aspects or procedures directly in

the working environment (Boboc, Girbacia, & Butila, 2020:1).

Other automation interventions at BMW include the wearing of exoskeletons worn directly on
the workers’ bodies that act as a second skeleton, i.e., as an external support structure for the
body. The BMW Group uses both upper-body and lower-body exoskeletons. The exoskeleton
vest for the upper body strengthens the movement of the upper arms of workers who have to
carry out tedious tasks. The vest’s joints have an integrated mechanical spring support that
gives arms greater strength. Twenty-four of these exoskeleton vests are currently in use in the
series production of BMW Group Plant Spartanburg; 44 more will be added over the year
(BMW Group, 2020).

2.4.1 Technology overview in BMW

Currently, BMW Group vehicles are being electrified hence the use of technological processes
in the charging design and production of the newer models in demand, this in turn, changes the
production of a particular model and the number of processes done by workers in the assembly
of these new emerging models. The increase in electric vehicles is seen in Table 2.2, showing

the share of electrified vehicle deliveries from the period 2017-2020.

Table 2.2: BMW Group: Increase in Electric Vehicles

2017 2018 2019 2020
Share of electrified | 4.2 5.7 5.8 8.3
vehicles in deliveries
Deliveries in the | 2,465,021 | 2,486,149 2,537,504 2,325,179
Automotive Segment

Source: BMW (2021).

e The plug-in hybrid vehicle is supplied with power through a charging cable plugged
into any fused domestic power outlet, a wall box, or an appropriate public charging
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post. The energy stored in its high-voltage battery enables pure electric, local emission-
free driving. Recuperation is also used to recover energy during driving as soon as the

driver takes their foot off the accelerator or brakes.

e In the fuel cell electric vehicle (FCEV), electricity is generated directly inside the
vehicle. Within the cell, hydrogen supplied from a tank reacts with oxygen from the air.

e Hydrogen vehicles are an alternative and could become an additional pillar in the
BMW Group's drive train portfolio, alongside battery electric drive trains. The BMW
Group is already developing a vehicle based on hydrogen fuel cell technology, the
BMW i Hydrogen. Since 2015, BMW Group researchers have been testing a small fleet
of BMW 5 Series GT hydrogen fuel cell prototypes in collaboration with Toyota,

featuring a jointly developed drive system with a Toyota fuel cell stack.

However, the BMW Group will not be able to offer customers fuel cell vehicles until the second
half of the 2020s, at the earliest, depending on how market requirements and conditions

develop.

2.5 Contextualising the South African economy and digitalisation
potential impacts on workers
Technological changes brought about by 4IR are seen in various supply chains; these include
various key sectors in the economy that contribute to the South African (GDP), such as the
manufacturing sector which contributes 0.8%, the transport and communication industry at
6.9%, the mining industry at 1.9%, as well as the agriculture sector at 6.2% and trade at 2.2%,
which are all impacted by the transition of technology, accelerated by the global pandemic,
shifting from manual work to a large percentage of work, activities and interactions conducted

remotely via technological innovations (StatsSA, 2022).
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Figure 2.8: Sectors contributing to the South African Economy
Source: StatsSA (2022).

Manufacturing systems have become more flexible and self-organised in addressing changing
demands and conditions in the automotive plants and in the supply network, based on changing
needs. Hence, manufacturing systems are now capable of boosting manufacturing operations
that are flexible, autonomous, and error-tolerant productions in the mass personalisation

conditions, as seen in the automotive industry (Qin Lu, 2021: 35-47).

The wider automotive industry’s contribution to the (GDP) in 2020 measured at 4,9% (2,8%
manufacturing and 2,1% retail), reduced from 6,4% in 2019, reflecting the major impact of
COVID-19 on automotive manufacturing and retail, as a result of the country’s lockdown
limitations during the year (StatsSA, 2022). As the most sizeable manufacturing sector in the
country’s economy, a significant 18.7% of value addition within the domestic manufacturing
output was extracted from vehicle and automotive component manufacturing tasks, continuing
to place the industry and its extensive value chain as a central player inside South Africa’s
industrialisation terrain. The automotive sector remained one of the most evident sectors
allocated foreign direct investments, with the seven OEMs investing a record of R9,2 billion
in 2020, while the component sector invested R2,4 billion in 2020 (StatsSA 2022).
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Figure 2.9: The Automotive Industry's contribution to the South African Economy

Source: National Association of Automobile Manufacturers of South Africa (NAAMSA)
(2022).

Following Ndung’u and Signé’s (2022) findings on unlocking Africa’s potential, thus far it
does not reflect that Africa has yet declared the 21st century as it ought to, and it still delays in
several indicators crucial for a positive digital revolution. This, in turn, will cause problems for
both industries and workers, as well as South Africa and the African continent as a whole
(Ndung’u & Signé, 2022). Ndung’u and Signé’s (2022) perspectives bring to light elements to
improve the process of transformation, such as reinventing labour, skills, and production
employing improved infrastructure and skills that could be an opportunity for growth as we see
global systems of labour and production that require skills and capabilities for automation as a

result of the technological advancements and 4IR (Ndung’u & Signé, 2022).

2.6 Technology and jobs in the fourth industrial revolution

The discourse on technology and jobs, as detailed by Arntz, Gregory and Zierahn (2017), and
concerns around automation and artificial intelligence and the use of robotics are brought to
the surface, again affecting both production facilities as well as service providers (supplier
companies). All the debates raised by Frey et al. (2017) centre on automation making manual
labour redundant, especially those jobs associated with routine tasks. The labour workforce is
prone to the high risk of automation in a term called routine replacing technological change
(Frey & Osborne, 2013).
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Forsythe (2023: 27-30) explains automation and technological change for workers and
economics by adding that, with mechanisation and digitisation, jobs are not deemed permanent
but alternatively, employers are also adjusting job duties and pre-requisites in the absence of
changing the title of the job. This translates to technology raising the possibility of replacing
tasks, new tasks are also added to jobs as well as a range of manual jobs requiring lesser skills
but technologically enabled jobs are requiring a higher level of skills in order to enable workers
to interact with the new technology, causing job changes. Therefore, the impact of new
technologies on the labour market is varied and technological innovation and automation
transitions will require labour market policies to be more dynamic in order to direct change and
that with these changes, there will be a level of problems as well as opportunities that will be
unevenly dispensed. The problems will occur for those workers in the absence of the relevant
skills and qualifications that will disrupt work and cause career imbalances by means of
technological displacement which will be a challenge for workers to find new forms of
employment and skills development and assistance will be needed in order to make the

transition by means of accessibility of training to upskill them.

Athanasopoulou, Bowman, Nikayin, and de Reuver (2016) explains the disruptive effect of
digitalisation on the automotive value chain and business model plan. The emergence of
technologically enhanced vehicles with enabling technologies is impacting the number of
components that go into a vehicle, as well as other mobility services being impacted by these
new technologies; they also assert that the intricate variables of the automotive industry can
lead to a new understanding of the nature of work and that the ongoing transformation in the

automotive industry encompasses a level of digital and physical convergence.

According to Frey and Osborne (2013), companies are using more modern technologies
compared to former technologies. Firm-level analysis of information aims to magnify the
investigation in the automotive industry where work is often not complemented bur rather
substituted and ultimately replaced, due to a lack of relevant skills. The literature makes
important comparisons with the technology, compared to the European context of
technological implementation, stating that diffusion of technology is happening at a slow pace,
however the data from the robotics industry shows the automotive industry is the majority
industry using industrial robots, and this indicates how the automotive industry, in particular,
IS moving with speed in automating the production line, based on their demand patterns for

industrial robots.
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According to Stolfa, Stolfa, Messnarz, Veledar, Ekert, Macher & Madaleno (2020),
technological advances and new forms of work are transitioning in the automotive industry
where development is moving at a rapid pace due to the need to meet environmental targets
because of climate change and thus, the manufacture of vehicles, so, due to these evolving
demands, we need to evaluate and initiate a variation of existing and new skills avenues that

details future skills, job roles and responsibilities.

2.6.1 Recent technological developments and global changes to working conditions in the
automotive industry

There have been recent developments in the automotive industry and more specifically, in the
vehicle manufacturing assembly line. Prashant (2019) elaborates on how human manual labour
is substituted with artificial intelligence, robotics, machine adjustment and restructuring, etc.
and how most assembly jobs are reconfigured which forms the basis of the future of the
assembly advancement process in the automotive industry. The vehicle industry is moving
closer to producing more electric vehicles. Using robotics as an advantage for the (OEMs) is
the high speed of operations, as well as the flexibility coupled with the advantage of keeping
down-time to a minimum. According Manyika (2017: 3), technology can help labour markets
in terms of their digital work platforms by improving synchronising between workers and jobs
and explains that skills and jobs do not always match. Some of the gaps in the research and the
most important aim of this research is to show the impact of these technological innovations
on the worker and their jobs, from a socio-economic point of view. This further shows how
assembly line jobs are being lost and the problems of restructuring through altering workers’
conditions of employment. By surveying a series of jobs, this research study shows how these
robotics and other technological innovations are replacing and displacing workers. The
research further shows how OEMS reduce costs in labour to increase profit margins and to
meet costs imposed by environmental regulations with the ultimate goal of increased profit

margin for a few minority shareholders and multinationals (MNCs).
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Figure 2.10: The Automotive Industry vehicle digital pathway

Source: Accenture (2022)

2.6.2 Skills development and preparing the workforce for the 4IR

In addressing the pertinent topic of skills in the Fourth Industrial Revolution, Care, Kim,
Anderson and Gustafsson-Wright (2017) explain how skills are needed for a changing world,
with others raising issues of the movement of education systems and accompanying curricula
towards a skills system that is required for this century. An education system, according to Care
et al. (2017), is more than basic education and technical skills are required to remain relevant
in the age of the Fourth Industrial Revolution and very few of these are accompanied with
additional details on how these skills will be integrated in the education curriculum. Care et al.
(2017) suggests that education, unlike in the past that was focused purely on formal education
to benefit work-related responsibilities, now suggests that future education systems need to
inform both work and life more generally. This kind of approach is favourable to address the
new skill demands required by the automotive sector in which workers are employed and
therefore this study aims to address particular skills gaps in the industry. Even though most
literature emphasises the need for a broad range of skills, the specific details of the “broader”
skills are largely missing. Hence, a suggested practical approach to assist workers in the
automotive sector and the broader working class in terms of skilling for the present and future
is having an holistic view of workers in the industry, such as the average age, gender and
current skill level of workers in the automotive industry as this will assist OEMs and supplier

companies, as well as government and the relevant sector education authorities (Setas) to
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develop an implementable skill development strategy and workplace skills plan that is context

and industry-specific.

2.6.3 Skills development, policies, and systems for a future workforce

The Global Commission on Work (2019) sheds light on the very different discussion of work
in the digital age and more specifically, managing change during every phase of education in
terms of skills policies and systems for a future workforce. This provides a unique contribution
to the reform discussion on the type of skills needed, as well as the role of various organisations.
Insights through the ILO (2018) emphasise issues such as security, equality and prosperity, but
most importantly, bringing equity in the workplace in terms of having inclusive labour markets,
including addressing the topics of gender equality and empowering workers already working

in the informal economy and the importance of managing change effectively.

Vital in the key findings of the research is the type of skills, according to the International
Labour Organisation (ILO) that would be necessary for the future of work. According to
Freeman, Marginson, and Tytler, (2014), changes caused by technological advances will affect
the demand and the composition of skills, affecting all levels of education and skill sets, stating
that automation and digitalisation will increase the technical skills that would be able to assist
problem-solving and innovations, particularly in careers related to engineering, science, and
technology (Freeman, et al., 2014). Other skills required include specific vocational skills to
operate new technology and to facilitate and maintain adaptability with continuous skills over

the machines’s lifecycle required to remain relevant.

According to Evans-Klock, Poschen, Sanchez, and Hofmann (2009: 8-19), the use of the
appropriate combination of vocational, technical and key work skills will provide workers
with sound future employment prospects and therefore skills development initiatives is
necessary to evolve at the pace of change. There is a need to reinforce this study by
emphasising the important role those various stakeholders play in shaping the necessary
policies and skills for a changing workforce and acknowledging various suggestions to enhance
skills development that reinforce educational and workplace skills with worker
recommendations that suit and emphasise workers' problems in the automotive industry,
coupled with practical pro-worker contributions in the process of managing change. Further
emphasis on empowerment strategies that are gender equal and more specifically, for workers
in the automotive industry, is required. This literature by the ILO is primarily focused on jobs

created towards a renewable energy transition, hence little emphasis is given to the automotive
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industry skills requirement. Thus, even though some work transitions towards technological
implementation at production plants and other forms of employment in supplier companies
move to more environmentally friendly positions, these job roles are not necessarily “quality
jobs” solely because they are termed environmentally friendly, hence job sustainability and the

quality of the new job roles as a result of technological transition requires bolstering.

2.6.4 The 4IR and Reshaping the Future of Production

Moavenzadeh’s (2015) research related to some of the strategies that can be used in reshaping
the future of production, as the Fourth Industrial Revolution (4IR) is seen more as a system
change rather than a change in products or services. It can be argued that it is the evolution of
production systems and that the transformations of industries due to digitisation present
opportunities and threats (Moavenzadeh, 2015). Firnkorn and Mdller (2012: 264-280) explain
that the future of mobility in the automotive industry will be more a concept of exchanging the
sale of mobility by changing their business strategy. These new strategies are said to bring

about an increased growth in the automotive sharing industry.

Plorin (2022: 3-9) explains that the use of artificial intelligence (Al), will be a key form of new
technology that will be transforming the automotive industry manufacturing process, as well
as the internet of things (11OT), robotics technologies, including robotics in the optimisation of
logistic functions, as well as maintenance and the ability of the new technology to detect
production disruptions or other possible disruptions in advance. This includes operational
intelligence systems within the automotive industry that produces a level of real time
information into the production process that provides for decision making for instructional
operations to enhance the future of production. Most importantly, Plorin highlights the
challenges these technological transitions can bring about; this includes the need for training
to manage these sophisticated technological systems, in order to report on the data analysis

systems in the automotive industry.

Felser and Wynn (2020:212-213) explain the role of digitalisation and transitioning strategies
in the automotive industry by showing how digitalisation requires the realignment of strategies
to address digitalisation adequately in their business models. The significant changes in the
business functions with which the automotive industry is faced include the problem of
formulating and implementing a company based digital transformation design. These
technological changes are connected to accelerated transitions, especially in business models.

This may provide an opportunity for the industry by acquiring previously outsourced tasks back
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internally, by means of a procedure known as back sourcing. This process will allow for a more
agile and responsive approach to productively respond to the advancing transitional demands

in the industry.

Slaughter and Rhoades (2004) explain how academic capitalism in the new economy impacts
higher education systems and that by universities means of adopting a technological transfer
approach, that might assist in reversing generations of ownership of research policy ,that
promotes education and workplace policies that can be a catalyst to shift education systems

and training that is less segmented.

Slaughter and Rhoades (2004) reiterate that the ownership of new technological transitions
education should not create disputes but rather that educational activities should be developed
to transition to the current and future employment markets that are linked to innovation. This
is important to note in the reshaping of production processes because education and skills form

an integral part of technological transitions.

Further emphasis is placed on the importance of responsible value chains, which reiterate how
past violations should be a learning curve when future value chains are designed and how
society is a key catalyst to change (Freeman, 2014). This points to the importance of having a
human-centred strategic approach to the Fourth Industrial Revolution and how people should
be at the centre of the change and core stakeholders in designing the changes in their respective
workplaces, hence workers should be involved in the design and testing of new technologies

in their respective companies at which they are employed.

2.7 The impacts of the 4IR on jobs in the automotive industry

Prisecaru’s (2016) theory on the fourth industrial revolution (4IR) is that all revolutionary
technologies which drastically change industrial production may put jobs at risk. Hence the
theory of Prisecaru is the 4IR limits labour demand and imposes new prerequisites for
education. Prisecaru (2016) further states that, due to robotics, many jobs in the administration
and office fields of work will decrease drastically. He bases his theory on the works of Moore’s
(1975) second law in that the massive transformation in technological implementation will not
be limited to the manufacturing sector but may also include all employment related to expertise
and services, which will induce a much bigger challenge for society (Prisecaru, 2016). This
theory is relevant to the current study because it emphasises key variables, such as the impact

and risks of industrial revolutions, and the narrowing of the demand for labour as well as the
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new forms of skills that will be required for the changing nature of work which are some of the
key discussions in this research study that forms part of development studies as a social science,
as various industrial revolutions as well as technologies shape and impacts development both
directly and indirectly and thus bringing into perspective the real problems and perspectives of
workers in the automotive industry specific companies as argued by Marx that industrialization
does not bring about development but rather worker alienation and dispossession (Petrovi¢, G.,
1963: 419-420).

Some workers in various industries already approach technological changes with fears
concerning job security and their skills readiness for such changes; as we have seen in the
automotive industry, production lines have changed and altered the flow of work, causing job
roles to be re-organised as a result of new technology introduced in the automotive plants.
Various jobs have been lost due to the redirection of the production processes and the reduced
manpower needed along the value chain of producing a good or service (Numsa Research
Institute, 2019). Workers in the automotive industry experience downtime (work stoppage) in
the plants in which they work due to the use of robotics and digitalisation technologies. In the
manufacturing sector, and the automotive sector in particular, digitalisation interruptions and
robotics mechanical breakdowns, can bring a company to a position where it relies fully on
technology for operations to operate smoothly (Numsa Research Institute, 2019). In these
cases, a breakdown or other downtime for production machinery can bring operations to a
standstill. Workers performing manual jobs can experience downtime often for weeks or
months at a time. When a critical piece of manufacturing technology fails, the company begins
to lose money right away, since integral machinery cannot be easily replaced or bypassed
during the repair process. Downtime often causes manufacturers to miss shipment deadlines
for customers, potentially causing them to lose accounts. The impact of this is on the worker,
as less work with fewer hours of production equals less pay for the worker and eventually, an
oversupply of labour, which leads to retrenchments and ultimately, job losses (Numsa Research
Institute, 2019). Other problems include safety risks for workers due to the speed of robotics
in plants. The ergonomics associated with the production output, puts pressure on the worker

to keep up with the speed of the robots.

Using technology in manufacturing can also introduce new and dangerous workplace hazards
and physical safety risks. Berlin, and Adams (2017) discuss the ergonomics around production
and the design of work networks to support maximum human performance, emphasising

important aspects of the psychosocial worker inclusion factors, especially participatory
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ergonomics, as well as workplace design as part of the industrialisation process, where the
need to adapt workplaces to the transitioning requirements and constraints of innovation and
diverse workforce that are inclusive but that takes into the consideration the ergonomics needs

of the future production systems.

Despite warning labels in plain view and all workers wearing safety equipment, it is still
possible for workers to have their limbs, hair, or clothing caught in machinery, which can cause
serious physical injury in an instant. Such risks are not only excessive for employees, but they
can also present potentially devastating financial liability to employers who thought they were
saving money by using technology. For workers, new technology comes with increased
machine productivity, with “speed” at the centre of the production process. Chui, Manyika and
Miremadi (2016) explain that machines could replace humans - and where they cannot
(yet).Workers would have to compete with the speed and accuracy of the automated machines
in the production process and this causes many health risks, as human workers cannot keep up
with the speed of an automated machine that produces ten times faster than an average worker

can.

Various illnesses arise from such and often cause physical burnout to the worker, as they are
required to stand long hours to cope with the faster outputs by machines. In addition, the
expertise to maintain these industrial robots is scarce and they require sophisticated
programming, while the number of people with such skillsets is still growing and is currently
limited. Programmers are in short supply and expensive to acquire. On-going costs of
automation introduce other continual expenses, such as preventive maintenance,
troubleshooting, and programming. Finding skilled individuals for such tasks often requires
outsourcing at a substantial cost to the company (Numsa Research Institute, 2019). According
to Alexander (2022), the fourth industrial revolution can vary from adaptation being minor or
to a more major transformation by the development of new industries and technologies that
innovate the way that the economy functions and the manner in which individual operational
work functions are organised. The major concerns raised are the problems and opportunities
related to the implementation of the fourth industrial revolution as well as possible risks. An
aspect identified was the impact of technology on jobs as an opportunity for transition into
different forms of work in supply chains, as well as the improvement in job functions.
However, major risks include automation reducing the need for manual labour in the future and

therefore strategic planning is required for workers who will lose their jobs in the short term.
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2.7.1 Effects of Digitalisation on workers

This study shows the impacts of technological changes on workers’ jobs on the automotive
shop floor in the (OEMSs), as used in this case study (Volkswagen, BMW), and supplier
companies (Lear corporation, as well as Schnellecke logistics company), all of which are
multinational stakeholders in the automotive industry. Parschau and Hauge (2020:120-122)
explain the risks of automation in labour intensive manufacturing jobs , in particular, the loss
of jobs especially in developing countries, therefore the threat of automation to employment is
prevalent. Obstacles, such as skills development in adopting of new technologies are identified,
and for workers to transition to the new technologies adopted, industry specific barriers to

transformation must be addressed.

Cijan, Jeni¢, Lamovsek and Stemberger (2019:3-4) explain the dynamics of how digitalisation
changes the workplace by means of the implementation of digital technologies and mentions
the various challenges, as well as opportunities for companies. Worker autonomy and other
risks are identified and placing emphasis on the work conditions of workers and their health
and safety is important, as well as their ability to perform their new job functions that are
automated. Bolli and Pusterla (2022:263-264) explain how the effects of digitalisation on
workers’ jobs can be decomposed. This is explained by showing how older workers who are
not technologically skilled find it challenging to transition to new forms of jobs and this
problem impacts their productivity and job satisfaction, therefore workers that do not possesses
educational skills related to technological driven careers, perceive this as a risk to their jobs
and job satisfaction, hence digitalisation of work tasks for older workers and workers lacking

the necessary IT related skills pose various job sustainability risks to these groups of workers.

Currently, there is a lack of an adequate skills development model in place to facilitate the
technological work transitions, as seen in VW, where most of the work tasks are being
automated and the facilitation and equipment of workers with the necessary skills required for
work sustainability, using skilling, reskilling and up-skilling is not fast enough for the transition
that is taking place (McKinsey, 2017). Thus, this research paper’s objective is to identify the
impact of new technology on workers, to identify the current gaps in bringing workers fully
on-board in the process of automation, as well as to develop prospective solutions in the form
of a transition model that includes a set of guidelines to assist all stakeholders, including

workers, using skills requirements for job sustainability, employers in the OEMs and supplier
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companies through a workplace skills plan so that all stakeholders may adjust to the process

and that the technological transition to automation is exercised in a just and equitable manner.

Ciarli, Kenney, Massini, and Piscitello (2021: 104) explain how digital technologies raise
challenges in terms of the necessary skills for the innovation transition. There is a need for a
skills formation in order to allow for companies to converge the new technologies and adapt
the changing digital technology by means of the classification of required understanding of
new production activities with a clear evaluation of the necessary skills required, allowing for
a clearer outline of a future digital course of action to follow that will allow for improved

implementation on the employment value chain.

2.7.2 The next-generation operating model

In addressing digitalisation, strategies and models that are sustainable, practical and context-
relevant must be put in place. McKinsey (2017) noted that concerning a next-generation
operating model, it is imperative to consider some important aspects in the development of a
model and strategies when addressing the fourth industrial revolution, technological
innovation, as well as digitalisation and work. In addressing the fundamentals of workplace
automation, automotive industry players are of the view that artificial intelligence has the
potential to improve the quality of life of many individuals and workers, in particular, and the
results of this research show that focus on occupations is contradictory with more activities
within occupations being automated rather than occupations in their entirety, with jobs
performed by humans being refined rather than replaced. “Automation is likely to change the
vast majority of occupations, at least to some degree which will necessitate significant job

redefinition and a transformation of business processes” (Chui et al, 2015:3).

Chui, et al. (2015) are of the view that the risks must be understood and managed, and a
strategic model needs to be devised. It is further explained that some of the strategies in dealing
with digitalisation include splitting complex jobs into direct tasks, automating some, and
deciding what humans can do more effectively, which gives humans more time to focus on the
specialised tasks at workforce platforms. This can assist in determining details on employees’
skills, performance in past assignments, working technique, personality attributes, availability,

and locations, and can add valuable pairing processes to ensure productivity.

The focus of the strategies is on talent management and capturing the “full value “of workers.

As part of the strategies, McKinsey (2017) is of the view that the reinvention of business
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activities and assigning tasks, helping workers by identifying their core talents and specialities,
is core to delegating tasks effectively that has a dual benefit. Often, when a segment of activity
in the production line changes, the entire occupation is impacted, work is reorganised and

salaries and hours of work are impacted.

Shukla (2009) explains the importance of the need of talent management in the task of
incorporating and enhancing the skill level of workers for the new forms of work demands that
have been accelerated by the advance of new technologies. Bollard, Larrea, Singla, and Sood
(2017:1-8) describe the next-generation operating model for the digital world by reiterating the
need for holistic thinking when developing models for the future. This approach encourages
change management approaches to take place, based on all-inclusive supporting functions of
an organisation. In essence, this is an inclusive model that allows all stakeholders to be involved
in the digitisation of work, including workers. Chui, Manyika and Miremadi (2015:1-9)
describe the fundamentals of workplace automation as physical and specialised work
transitions, so jobs will be reformulated and designed in the short term, as opposed to

completely being replaced .

Key concerns emerging from workers across supply chains in the OEMs and supplier
companies is the length to which these technologies have begun to replace humans in the
workplace. While there are evidence-based employment figures in the OEMs and supplier
companies, changes in the employment data show a growing trend that has grown more
widespread in the conditions of routine jobs and production, and automation has increasingly
expanded into more complex tasks and processes that workers, both semi-skilled and unskilled,
find challenging. Rifkin (1996) describes industrial revolutions, particularly the third
revolution impact on the economy and the new technologies implemented as replacing workers
and creating conditional work with the decline of stable work due to the transitional nature of
work. This decline of the labour force in terms of the changing nature of work impacts workers’
health and safety due to an increase in the level of mental health challenges impacting the social
welfare of workers as their growing concern of how their jobs are being impacted are triggering
negative responses to their companies and fellow co-workers. Ultimately, gaps between

workers that have job sustainability and those that do not, reaches even more negative levels.

Susskind (2020) describes how we should respond to technological advancement and
automations and some of the explanations include approaching the changing nature of work in
the same way as we approached the Global Covid pandemic and that meant adapting to change
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whilst still keeping job sustainability at the centre of the technological transitions. This
included finding innovative ways to re-augment manual work with digital work in a way that
does not displace workers but rather transitions them technologically through training and skills
development by means of all stakeholders enabling the technological change strategies to take
place in a non-destructive manner. Further, it is important to show how workers’ specialities
can be redefined in terms of up-skilling workers to better specialise in a particular task
themselves locally, rather than procure the skills and services of specialists abroad which

further deepens the unemployment pool in South Africa (McKinsey, 2017).

2.7.3 The potential impact of the 4IR on jobs in South Africa

In examining the potential impact of the Fourth Industrial Revolution on jobs in South Africa,
Bhorat, Lilenstein, Khan, Rooney, Steenkamp and Thornton (2019) identified technological
innovation as being the primary driver behind unemployment rates, with jobs, mostly
administrative and routine in nature, being codified and replaced by technological innovations
and made redundant. This further causes a shift in labour demand from routine to non-routine
jobs, reiterating the affirmations of Frey, et al. (2017) that 47% of jobs are at risk in the United
States alone. The methodology used by Frey et al. (2017) indicates a methodology whereby a
computed automation probability was created for each occupation, dividing each occupation
according to the risk of automation probability type, of low, medium and high occupations,
therefore this methodology approach was used in this literature to give a sense of where a
certain occupation would fit in. Further, the literature also shows from a gender point of view
that women will be more susceptible to the impact of job losses due to automation as compared
to men, with a percentage of 43.6% sitting in the “high” category (Bhorat et al. 2019). Other
findings include those individual workers who will be highly affected by technological
innovation, will be those individuals within the age group of 18-24 years old with poor
education as a major disadvantage. Industries, such as mining (78%), construction (63 %) and
Community, social and personal (CSP) services, according to the literature, will be highly

affected by automation, with the highest number of jobs potentially at risk.
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Figure 2.11: Types of high-risk employment
Source: Bhorat, et al. (2019)

The relevance of this graph is to show the types of employment that are at high risk of
automation and the automotive industry and OEMs and supplier company workers are located
in the manufacturing sector listed above. It shows that 80% of jobs have a potential high to
medium risk of being automated. Bhorat et al. (2019) elaborate however, that due to recent
developments, other industries have emerged to be transitioning into the Fourth Industrial
Revolution, with automation especially in the automotive industry as seen more commonly in
production processes, also in the variations in age, gender, and skill level as a contributor to
job losses as one of the many impacts of the digitalisation as younger people are not adequately
skilled and older employees are not formally skilled, as such, the need for skills analysis based

on all kinds of socio-economic conditions is essential in assessing the skills deficit.

2.7.4 Automating the future of jobs and the rise of digital workers

An information brief by the IDC 2023 report by Singh and Tarkar (2022: 239-260), examined
the automation of work and the future of work, as a profound change to the concept of work
and the traditional way of viewing work in terms of transformation of workers’ skills and

behavioural patterns as well as the organisational culture of performing tasks. This change in
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organisational culture is not centred on the norms of the usual way of work that is confirmed
to a specific day or time, nor is it dependent on a particular workspace, all considered as part
of the transition of the process of digital disruption and the automation of the future of work

(Industrial Development Corporation, 2019).

The IDC’s (2023) report describes the future of work as one where both humans and robots are
in collaboration, redesigning how work tasks are accomplished. The technologies are said to
augment and automate work to further the element of value creation. Asia Pacific identifies
three major technologies that they believe will have the most disruptive effect in the next five
years and this includes artificial intelligence, cloud computing and 5G technologies. It is
emphasised that there will be a mix of humans and intelligent technologies with a distinct

change in workspace and workforce work culture.

Autor (2015: 3-5) describes the history and future of automation in terms of automation being
seen as a substitute, compared to as a complete replacement of labour and mentioned that
digitisation should complement labour which will lead to the increased demand for work that
increases the relative dominance of workers in contributing to creativity, troubleshooting and

versatility in the change of the types of jobs.

According to Bughin et al. (2018), in addressing the skills shift in automation and the profound
questions raised in the literature which are unanswered, are the problems that come with
automation that will require the redesigning of functions, management of the change, reskilling
and redeploying and the human resources to manage the robotic instruments in the workplace.
In the automotive industry, it will be vital to show how certain tasks and duties are automated
in the production process, how certain robotic mechanisms of automation fall short of totally
replacing the human element of emotional intelligence and that even artificial intelligence has
not reached that level of technological advancement. There is further, an opportunity to show
how the transformation of work as a result of technological advancements using the crucial
element of human emotional and other intelligence, will always be irreplaceable and is what
makes and keeps us relevant as human beings, for example, by our ability of reasoning and
weighing up the best possible solutions based on human centred decision making. As an
opportunity, this will show how certain tasks in the automotive value chain that require a
specific form of human intelligence, such as complicated and complex decision-making that
robotics algorithms and software applications are unable to respond to or that electronic
applications are unable to perform, as artificial intelligence is programmed to follow a set of
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predetermined rules and can often prove not to be an asset in times of crisis or conflict. It is
also imperative to examine some unanswered questions in the research, especially on how
workers manage automation and technological changes, which is addressed in this research

study discussion section.

2.7.5 The Original Equipment Manufacturer, the Volkswagen Group

The Volkswagen Group South Africa (VWSA) is a multi-national corporation and a wholly
owned subsidiary of Volkswagen Aktiengessellschaft (VWAG) in Germany. It is the largest
German investment in South Africa and is a major contributor to foreign direct investment,
technology transfer and skills development. The Volkswagen Group South Africa (VWSA)
plant is situated in Uitenhage, an industrial town in the Eastern Cape. Just over half (294,713
m?) of the plant’s 520 963 m? area consists of production facilities. Apart from producing
components for the entire Volkswagen Group, the Uitenhage plant currently produces the Polo
and Cross Polo models and has approximately, 4023 employees, and a new vehicle market
share of 16,7% (VVolkswagen, 2021).

Wilson (2021) expounds that VW multinational is to replace the human workforce with robots
in Germany to meet demand. The report states that VVolkswagen intends to use robots to cope
with a shortage of new workers caused by retiring employees. According to the company, the
move to a more automated production line would ensure car manufacturing remains
competitive in high-cost Germany. According to VW, as mentioned in the article, VW is
noticing the trend of ageing employees and therefore predicts that most employees will retire
between the period of 2015 and 2030 therefore the lack of skilled employees joining the
business is forcing the company to look for alternative solutions. The company reiterates that
the robots would handle the majority of monotonous and un-ergonomic tasks, allowing workers
to focus on more skilled jobs (White, 2021).

According to a VW board member, from a cost perspective, it makes more sense to use robotics
to carry out routine tasks since it costs VW about €5 an hour (R83 South African rand) over
their lifetime, including maintenance and energy costs. This compares with about €40 an hour
(R660 in South African Rands) in labour costs per worker in Germany (including wages,
pension, and healthcare costs) and less than €10 in China, which equates to R166 in South
African currency. The new generation robots are said to be more affordable to OEMs (White,
2021). Currently at the VW plants, both globally and in South Africa, the majority of the

vehicle production is taking place by means of robotics. This process automation first started
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at the production plants from the level of the body shop, then the paint shop and currently, the

assembly line is the only semi-automated level that is operated by manual labour.

Figure 2.12: Automation at VVolkswagen Production line

Source: Volkswagen (2021).

2.7.6 Supplier company, Lear Corporation

Lear Corporation is one of the largest suppliers of automotive components and internal systems
which also utilises Cassioli for the deployment and design of the car seat assembly line, located
in Melfi. Operationally, the plant consists of an automated warehouse that is inter-operable and
allows for manufacturing flows to be synchronised with two tack lines for the assembly of the
front and rear car seats. The entire system used in the manufacture of seats includes a high level
of automation and integration amongst different plants in the automated warehouse using
anthropomorphic robots (Cassioli, 2015). Lear Corporation also utilises a company called
Automation Alley as a corporate partner for Industry 4.0 Accelerator, which focuses on

technological operations in manufacturing.

According to Duddy (2018), the Lear warehouse makes use of an automated storage and

retrieval system (ASRS) that enables the Lear Corporation factory at Coventry to triple the
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output of car seats to over 300,000 sets a year in hundreds of different specifications and to
meet its customers’ just-in-time delivery schedules (Duddy, 2018). Lear employs 174,000
employees globally, with 257 facilities in 38 countries. Lear also specialises in electrification,
in terms of vehicle network architecture that allows for connected mobility and software for
vehicles. Lear processes include electrical distribution and connection systems, route networks
and electrical signals, as well as managing electrical power within the vehicle for all types of
powertrains, including traditional ICE architectures and the full range of hybrid, plug-in hybrid,
and battery electric architectures, supporting the current industry trend toward electrification
(Duddy, 2018). The current engineering and development activities for electronics are in the
United States (Southfield, Michigan), Germany, Spain, China, and India. The assembly of these
modules use capital-intensive, high-speed surface mount placement equipment and assembly
processes in Mexico, Europe, Northern Africa, and China, as well as electronic system products
and their applications (Duddy, 2018). Currently, Lear Corporation is aligned to trends as per
their design processes and manufacture products across their entire E-Systems portfolios that
are aligned with the trends toward electrification, connectivity, autonomy and shared mobility
(Lear Corporation, 2020).

2.7.7 Supplier company: Schnellecke Logistics

Schnellecke Logistics is a warehousing, component assembly, production supply, distribution
logistics and transportation company, which covers the entire value chain of logistics with
coverage globally, and IT processing is one of Schnellecke core competences (Lambert, Stock
and Ellram, 1998). Schnellecke Logistics has branches in South Africa, based in the following
towns/ cities - East London, Johannesburg, Pretoria, and Uitenhage. Other tasks of the logistics
company include supply logistics which include material supply of production with vendor
parts and modules, warehouse management and order picking, sequencing, line feeding,

container and empties management, and the entire material flow management.

Caridade, Pereira, Ferreira and Silva (2017: 1096-1103) analyses the logistics warehouse in the
automotive industry as one of the leading industries that contribute significantly to its agile
nature whereby warehouse activities are optimised. As such, due to the changing nature of
technology, these warehouses for the purpose of development, were restructured to optimise
various company warehouse functions and Schnellecke Logistics was one such company using
digitisation in the form of a warehouse management system (WMS) to automate its warehouse

functions.
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Bartholdi and Hackman (2008:18) describe their warehouse logistics as a warehousing,
component assembly, production supply, distribution logistics and transportation company,
which covers the entire value chain of logistics with global coverage, and IT processing is one
of Schnellecke core competences. Schnellecke Logistics has branches in South Africa, based
in the following towns/ cities - East London, Johannesburg, Pretoria, and Uitenhage. Other
tasks of the logistics company include supply logistics embracing material supply of production
with vendor parts and modules, warehouse management and order picking, sequencing, line

feeding, container and empties management, and the entire material flow management.

Pandian (2019:63-72) describes artificial intelligence applications in smart warehousing
environments for automated logistics, such as the tasks carried out in Schnellecke of packaging
logistics, which entails the packaging of parts in shipment sizes for transport to foreign
production plants and the complex spare parts logistics, including the complete shipping
organisation and the necessary sequencing and picking of parts and assemblies for numerous
global brands at multi-centres located close to the plants, and delivery to the point of assembly
on the production line. Schnellecke also undertakes an array of tasks in the module assembly
for many major manufacturers in the development of the assembly and delivery process,
assembling components worldwide, and delivering them just in sequence to the production

lines, as per the automotive requirements of the major OEMs.

Hermansson and Moller (2016) add the digitalisation of supply chains adds value, as seen in
Schnellecke which handles the responsibility of the distribution logistics that includes
managing the warehouse, whether with or without a refrigerated section, handling the goods
receiving, storage and picking of goods, based on customers’ orders, and delivery. Schnellecke
uses the most modern equipment, the latest information technology, numerous innovations,
and a high degree of standardisation in its operations (Schnellecke, 2021). Schnellecke is
currently exercising a wide variety of digitalisation that has become an important value-adding
factor in the logistics sector. However, current studies show that although logistics companies
now frequently use technologies such as warehouse management software, tablets, or Google
Glass, these are mostly locally isolated solutions. Lagorio, Zenezini, Mangano and Pinto
(2022:1043-1066) discuss innovative technologies currently being adopted in the management
of logistics in various logistic companies in order to increase its productivity, allow for better
communication and the scaling down of costs, as the current technology in the logistics sector

is fragmented.
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Hence, Schnellecke, has developed a comprehensive framework called Schnellecke iX+ that

[13%2]
1

combines many individual measures into an integrated whole. The stands for intelligent,
the “X” for transparency (x-ray) and the plus sign for the next stage of development. “In the
future, the focus will be on increasing productivity and ensuring transparency and flexibility

along the supply chain” (Schnellecke, 2021:1).

2.8 The theoretical framework

This chapter considers the theory behind the problem by examining the theoretical framework
that is a structure used to detail how the study, philosophically and methodologically,
approached the whole study (Grant & Osanloo, 2016). This chapter discusses theoretical
frameworks, theories and models that guided this study. The chapter is organised in the
following manner: the first section, discusses the social cognitive career theory, this theory is
relevant and was utilised to understand the factors influencing individuals’ decisions to pursue
or abstain from new occupations and emerging industries as part of industrialisation, as well as
to devise strategies and is therefore relevant for workers. The next section discusses the career
construction theory and practice (CCTP) and this theory assists in analysing workers’ identities,
and linking these with current and prospective work encounters that can bring about a sense of
significance and provide guidance and intentionality in workers’ occupational responsibilities
when faced with problems in their workplace. Section 2.2.3 discusses the theory of the
psychology of working and this theory suggests that there is an increasing significance in
highlighting the occupation experiences of workers who diverge from traditional career paths
which is relevant in this study where we see the problems experienced by workers as a result

of job changes.

In section 2.8.4, the (PWT) assists our understanding in light of the continued divide observed
in the OEMs and supplier companies’ job roles and it is relevant in explaining the context of
the study in that it assists in understanding how workers encounter a limited range of job
alternatives and experience intensified problems in securing adequate employment, based on
their skills and capabilities and competence for new job roles. Hence, the following theories
were chosen is because they coincide with this study and the application of theoretical models
in the context of the Fourth Industrial Revolution is important in shaping discussion around

problems and prospects.

Therefore, this section, the (SCCT), and the (CCTP), the theory of psychology of working and
the (PWT) are discussed as linked to the conceptual framework to succinctly relate to the
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Fourth Industrial Revolution and the future of Jobs: Problems and prospects in the South

African Automotive Industry rationale.

2.8.1 Self-career Construction Theory.

The (SCCT), as proposed by Lent and Brown (2013) and previously discussed by Lent, Brown,
and Hackett (1994), appears to be a suitable framework for comprehensively elucidating the
concept of career self-management throughout an individual's lifespan. This framework can
also be utilised to understand the factors influencing individuals' decisions to pursue or abstain
from new occupations and emerging industries, as well as to devise strategies for supporting
individuals in making informed career choices in these domains. According to previous studies
conducted by Sheu et al. (2010) and Sheu and Bordon (2017), the level of self-efficacy beliefs
and outcome expectations significantly influence an individual's inclination towards new

occupations or industries.

The high self-efficacy expectations regarding the tasks associated with these new job
opportunities, along with the perceived desirability of job characteristics and work outcomes,
are key factors in shaping one's interest in pursuing a career. It is therefore crucial to consider
the influences and obstacles originating from the perspective of economic factors, such as
work-related factors and environments. These factors play a significant role in comprehending
the circumstances under which individuals decide to pursue and eventually engage in new

occupations and industries that arise as a result of digitisation and automation.

Further, the extension of the social cognitive career model to encompass career self-
management, as proposed by Lent and Brown (2013), appears to be well-suited for elucidating
career development concerns within the context of a technologically advanced and automated
economy. With the growing prevalence of self-employment and the perpetual requirement to
continuously enhance one's skills and knowledge to adapt to technological advancements, the

significance of career self-management is anticipated to become increasingly prominent.

The utilisation of the social cognitive framework can serve as a valuable tool for elucidating,
examining, and intervening about the determinants that facilitate and drive individuals to
proactively engage in career management through diverse self-directed career behaviours. For
instance, the establishment of robust networks across professional and organisational
boundaries may become progressively more crucial in ensuring ongoing employment stability.

One additional crucial self-directed career behaviour within this particular context involves the
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continuous enhancement of one's professional skills. This phenomenon can be observed
through the pursuit of formal education, as well as the engagement in lifelong learning
activities. Moreover, it is relevant to the enhancement of job-related competencies through the
process of adapting to and collaborating with dynamic systems and evolving technologies
(Curran, Gustafson, Simmons, Lannon, Wang, Garmsiri, Fleet, & Wetsch, 2019:74-93).

The expectation for ongoing education and the cultivation of skills imposes a significant
responsibility on individuals, and it is important to acknowledge that not all individuals will
possess the ability or inclination to meet this demand. The social cognitive model provides a
valuable framework for comprehending the factors that facilitate and drive individuals to
engage in self-directed career behaviours, including networking and upskilling (Mullins,
2019). Additionally, it offers insights for developing interventions aimed at supporting
individuals in these endeavours. According to the (SCCT) and recent studies conducted by
Lent, Ezeofor, Morrison, Penn, and Ireland (2016), individuals with high levels of self-efficacy
and positive outcome expectations regarding career-related activities, such as networking and
learning, are more likely to establish goals associated with these behaviours. The
implementation of these goals and subsequent career outcomes are influenced by factors such

as personality traits, contextual supports, and barriers.

2.8.2 Career Construction Theory and Practice (CCTP)

The advent of the fourth industrial revolution presents a growing challenge for individuals in
establishing a coherent professional identity and deriving personal fulfilment from their work.
The utilisation of the Career Construction Theory and Practice (Savickas, 2013) provides
counsellors with a valuable framework to aid individuals in establishing a sense of coherence

and purpose throughout their varied professional endeavours.

According to the Career Construction Theory and Practice approach, based on the escalating
automation of work as part of 4IR, this will significantly influence work job experiences and
therefore, this theory bring to light the issues of career and skills development, as well as the
current models of career growth during which the models are analysed to identify the most
suitable model for the enhancement of careers, which is relevant in this study context (Hirschi,
2018: 192-204).

The concept of life design, as proposed by Savickas et al. (2009), is central to the framework
of CCTP. This approach emphasises the development of a comprehensive professional identity
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that considers various aspects of one's life beyond work, including leisure activities, family
relationships, and community involvement. The diminishing significance of work roles for
certain individuals, coupled with the growing integration of digitisation and automation in both
work and non-work domains, underscores the rising necessity of cultivating a comprehensive
sense of identity that encompasses both professional and personal spheres. Career construction
and life design are effective approaches that can assist individuals in discovering significance
and a sense of purpose that encompasses their professional endeavours, as well as other aspects
of their lives. It is also a focus on organising existing knowledge and generating new

knowledge on work that will assist in promoting work and life outcomes (Lent, 2004:101).

Career adaptability is a significant aspect of CCTP and life design that has garnered substantial
research focus in recent years (Rudolph, Lavigne, & Zacher, 2017: 17-34). Career adaptability
refers to a psychosocial concept that encompasses an individual's abilities to effectively handle
career-related problems and successfully integrate their identities within a professional context
(Savickas, 1997; Savickas & Porfeli, 2012). In light of the escalating pace of technological
advancements, the realm of career development has witnessed heightened dynamism.
Consequently, the ability to effectively navigate shifting circumstances and procure
employment that imbues individuals with a profound sense of significance and direction is
poised to assume greater significance for a substantial portion of the population. The concept
of career adaptability can provide insight into the psychosocial resources individuals require to
effectively navigate the demands of an evolving work environment characterised by
digitalisation and automation. Nevertheless, it is imperative to acknowledge that career
adaptability resources constitute merely one aspect of a more comprehensive array of career
resources that individuals require to effectively cultivate a career (Hirschi, 2012). It is
imperative to additionally contemplate the role of human capital resources, social capital
resources, and environmental resources (such as organisational and labour market resources)
in facilitating the individuals' ability to manage and adjust to the ongoing transformations in

the workplace.

2.8.3 The theory of psychology of working

The evolving landscape of employment suggests a growing prevalence of individuals who lack
permanent employment with a single employer and instead engage in a sequence of
autonomous tasks and projects (Brynjolfsson & McAfee, 2014; De Stefano, 2016). This

presents significant problems in terms of how work can effectively meet fundamental human
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needs related to security, survival, social interaction, and individual autonomy. This implies
that there is an increasing significance in emphasising the career experiences of individuals
who deviate from conventional career trajectories, as suggested by Blustein (2006).
Nevertheless, a common criticism directed towards numerous career development theories and
frameworks is that they were originally formulated to elucidate and are primarily applicable to
the career decisions and professional growth of individuals with higher levels of education,

predominantly men engaged in white-collar occupations.

In contrast, the career experiences of individuals from low socio-economic backgrounds and
those engaged in lower-qualification or blue-collar occupations have received limited attention
in the current discourse on careers (Blustein, 2006; Richardson, 1993). Hence, career research
must expand its purview and employ theoretical frameworks capable of encompassing career
trajectories. These frameworks should possess the capacity to apply to individuals who lack
permanent employment, engage in multiple jobs, or face limited prospects for career
advancement. The Potential Work Trauma framework, as proposed by Blustein (2006) and
further discussed by Duffy, Blustein, Diemer, and Autin (2016), offers a valuable approach to
tackling the aforementioned concern. This is due to its specific origins in addressing the work
experiences of marginalised individuals and those from lower socio-economic backgrounds

who possess limited financial and social capital.

2.8.4 Psychological Well-Being Theory (PWT)

The Psychological Well-Being Theory (PWT) acknowledges the significance of work as a
fundamental component of human existence, emphasising its crucial role in promoting mental
well-being. This is attributed to its ability to satisfy key psychological needs, namely,
competence, relatedness, and autonomy. The concept of (PWT) is founded upon an expansive
interpretation of work, encompassing caregiving activities that occur beyond the realm of the
marketplace. Moreover, it recognises the interconnectedness of work and non-work domains
in the lives of individuals. Further, the theoretical framework emphasises the importance of
considering social, political, economic, and historical factors to comprehensively understand
work experiences. In light of the ongoing polarisation observed in the job market, as discussed
by Autor (2015), it is anticipated that a growing proportion of individuals may encounter a
restricted range of career options and encounter heightened problems in obtaining satisfactory

employment.
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The concept of decent work, encompassing aspects, such as physically and interpersonally
secure working conditions, reasonable hours that allow for leisure time and sufficient rest,
organisational values that align with familial and societal values, fair remuneration, and access
to adequate healthcare, has been defined and emphasised by the International Labour
Organisation (2012) and by Duffy et al. (2016). Although the origins of (PWT) do not stem
from a deliberate analysis of the growing digitisation and automation in the labour market, its
emphasis on marginalised individuals, work volition, and decent work offers a valuable
foundation for tackling significant obstacles in career development within a digitised and

automated economy.

There is a consensus among various sectors of society, including politics, education, and
business, that the process of digitisation and automation will bring about significant
transformations in work in the coming decades (Frey & Osborne, 2013; Brynjolfsson &
McAfee, 2014; De Stefano, 2016). Nevertheless, the existing body of literature on professional
career development and vocational psychology has yet to comprehensively address the
systematic implications of these changes within the field. This discussion presents an overview
of significant trends about which career researchers and practitioners should be cognizant in
order to tackle this matter. Consequently, this analysis was conducted to evaluate the degree to
which existing prominent theories and frameworks of career development are appropriate for
addressing the emerging issues. It is important to recognise that there may be additional
frameworks and approaches that have not been discussed in this analysis, which could provide
valuable perspectives on the topic of digitisation and automation of work. The choice of the
models and frameworks presented in this study is inherently subjective and constrained by the

limitations of available space and time.

2.9 Conceptual framework

There is consensus that better job prospects can only increase as economic transformation
proceeds and the term "economic transformation™ is used to describe a pair of interrelated
development processes: (i) the relocation of labour and capital from low-productivity, low-
earning sectors like traditional agriculture to higher-productivity sectors through the increased
entry and growth of firms in the higher-productivity sectors; and (ii) the improvement of
productivity within sectors, particularly the lower-productivity ones (Fox & Thomas, 2016).
New technology (e.g., mechanical, digital, and management technology) and better resource

allocation (physical resources, including land, human, and financial resources) have
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contributed to economic transformation by lowering production costs and increasing the variety

and sophistication of what is produced (in economic terms, the value added).

McMillan et al. (2017) argue that economic transformation is a necessary condition for
sustained economic growth and development. The following indicators indicate how far
economic transformation has progressed: (i) increases in labour productivity within sectors; (ii)
employment and output shifting to higher labour productivity sectors; (iii) export
diversification, increased domestic value addition in exports, and value chain upgrading; and

(iv) convergence in labour productivity across the economy (McMillan et al., 2017).

The process of economic transformation facilitates the expansion of labour earnings within the
economy, along with a corresponding shift in employment patterns. This shift entails a change
in the proportion of individuals engaged in self-employment and family-based enterprises in
households, firms and microbusinesses, towards wage-based employment in private firms or
the public sector (Fox & Thomas, 2016).

This phenomenon arises when the rate of growth in wage/salary employment surpasses that of
the labour force. The majority of individuals in the labour force tend to favour formal
wage/salary jobs due to their comparatively lower income risk when compared to self-
employment and family employment in the informal sector (ILO, 2021a). According to
previous studies (Fox et al., 2016; PfPC, 2018; Lorenceau, et al., 2021), the aforementioned
occupations are commonly sought after by African youth upon their completion of formal
education. Historically, the predominant focus of economic transformation analysis revolved
around structural change, with particular emphasis on the expansion of manufacturing output
and employment. This sector has traditionally played a significant role in generating a
substantial portion of new wage-based employment opportunities (McMillan et al., 2017). In
recent times, there has been a notable shift in the attention of authors towards various other
sectors (Gollin, 2018).

The process of economic transformation in developing countries has been observed to have a
positive impact on employment opportunities and poverty reduction (Fox & Gandhi, 2021).
However, it is important to note that this desired outcome is not guaranteed and can vary

depending on various factors.

It is important to acknowledge that the mere presence of labour productivity gains facilitated
by novel technology does not inherently result in the creation of additional employment
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opportunities. The creation of new employment opportunities can be attributed to two main
factors. Firstly, when productivity gains are achieved, resulting in a reduction in production
costs, the demand for goods and services increases. Consequently, firms can expand their
output by recruiting additional workers. Secondly, the entry of new firms into the market leads
to the production of novel items, thereby generating fresh employment opportunities. In the
automotive field of, it is observed that productivity improvements within the sector, known as
sectoral transformation, have resulted in increased incomes but a decrease in employment
growth. However, these gains have had a positive impact on employment growth in non-
automotive sectors through multiplier effects. This phenomenon, referred to as structural

transformation, has been discussed by Jayne et al. (2020).

The process of transformation generally leads to an overall improvement in employment
opportunities. However, it is important to note that this process often involves both the
acquisition and loss of jobs and occupations. The acquired employment opportunities may not
inherently possess a higher level of desirability compared to the employment opportunities that
have been relinquished. Hence, it is necessary to thoroughly analyse the potential impact of
integrating the new Fourth Industrial Revolution (4IR) technologies in Africa, not only in terms
of their capacity to facilitate economic transformation, but also regarding the nature of
employment opportunities that may arise, the potential job losses, and the specific societal

groups that may be affected.

Ideally, the newly created employment opportunities will be designed to enhance development.
This implies, as articulated by Sen, that these jobs should contribute to the improvement of
individuals' capabilities to lead lives that they have valid reasons to value (Sen, 2001:53).
Within the realm of employment, Sen's notion of ethical development outcomes has been
commonly referred to as "decent work." The International Labour Organisation (ILO) defines
decent work as the provision of comprehensive employment opportunities that encompass both
productivity and rights at work, accompanied by social protection measures and the facilitation
of social dialogue (ILO, 2021b). The dimensions of decent work are influenced by a nation's
social policies, such as the structure for employee collective action, social dialogue, and
bargaining, the body of labour laws and the overseeing institutions, as well as social protection

policies and institutions.

The aforementioned factors are largely unaffected by the pace of technological advancement,

except in cases where technological progress facilitates economic growth and transformation.
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This, in turn, aids in the generation of resources necessary for the implementation of social

policies that promote decent work.

The additional aspects of decent work pertain to the attributes associated with a particular form
of employment, and it is these aspects that can be influenced by the implementation of new
technology (which will be the primary focus of this examination). These factors encompass
preferred job classification: preferably a position that adheres to formal employment norms,
including a contractual agreement and compliance with national labour laws; desired income:

preferably a full-time salary that surpasses the poverty threshold.

The ideal work arrangement entails full-time employment without any instances of involuntary
part-time work or excessive overtime. Additionally, it is crucial to ensure equal access to
employment opportunities without any form of discrimination. Also, it is important to maintain

a safe working environment with a low likelihood of occupational injuries (ILO, 2021b).

Among the various dimensions, the distinction between formal and informal employment holds
the greatest significance. This is because other elements of decent work, such as social
protection, rights at work, freedom from injury, and social dialogue, are predominantly upheld
through government regulations imposed on employers. This enforcement is considerably
simpler when firms are officially registered with the government, provide employment reports,
enrol employees in public social protection programmes, collect employee contributions for

social protection systems, and adhere to certain standards.

One proposed solution is the implementation of a formalised system designed to resolve worker
complaints and workplace disputes. In contrast, it is important to note that self-employment
and family employment typically lack coverage under labour and social protection laws and
institutions, regardless of whether they are situated in developing or developed nations. Self-
employed individuals, along with their families, lack a formal labour contract between
themselves. The determination of self-employment income is challenging, making it difficult
to collect contributions for social protection systems. Further, self-employment earnings are

not insurable due to the presence of moral hazard.

Employees who are classified as informal typically experience a lack of social protection,
resulting in a lack of social insurance coverage. Consequently, they may encounter heightened
vulnerabilities, such as increased exposure to hazardous and unhealthy working conditions, as

well as potential mistreatment or exploitation.
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The income generated from the informal sector is characterised by increased levels of risk and
volatility. Consequently, households reliant on informal income exhibit a greater proportion of

individuals classified as the working poor (Fox et al., 2020).

Self-employed individuals, who exclusively work with members of their household, or operate
a microbusiness with a limited number of casual employees face a significant level of risk as

they lack a guaranteed minimum income.

Instability is a prevalent issue due to the transient nature of work activities in various sectors,
such as agriculture, informal businesses, and formal employment. These activities are often
subject to temporary or seasonal fluctuations, including casual daily labour tasks, such as
temporary wageworkers or unskilled construction workers. This phenomenon gives rise to
under-employment, which refers to the inability to secure sufficient working hours throughout

the year, consequently resulting in a diminished level of income (Fox & Thomas, 2016).

The literature on the Luddites, assist us by displaying the inter-relatedness between the
implementation of technologies and the state, for example despite the Luddites experienced the
technology as destroying their jobs and thus they resorted to removing the technology, the
British State then sent in soldiers to disperse them. The current revolution however which
operated in a modern setting might see a different form of impact on technology such as a skills
bias approach O’Rourke, K.H., Rahman, A.S. and Taylor, A.M., (2013: 18-23).

The proportion of informal employment within the overall employment framework typically
diminishes as nations undergo transformation and progress. The growth of ‘gig’ employment
has contributed to a recent deceleration of this trend in upper-income countries (ILO, 2016).
Although ‘gig’ employment may be considered formal in certain instances, it is predominantly
characterised by heightened income instability, increased risk, and a lack of adequate
protection. In this study, our primary objective is to examine the potential impact of adopting
Fourth Industrial Revolution (4IR) technology in Africa. Specifically, we aim to assess whether
this adoption can lead to a reduction in the proportion of informal employment by promoting
the growth of formal jobs through the establishment of new firms and an increase in the
prevalence of formal, wage-paying positions within the overall employment landscape.
Additionally, we seek to investigate whether the implementation of 4IR technology can
contribute to higher earnings for individuals employed in various job sectors, regardless of the
nature of their employment. However, before evaluating the future, it is important to acquire

knowledge about the African continent.
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2.10 Chapter summary

This chapter provided insight into the various studies that have been done in the area of
technological changes and their impact on jobs. The chapter then continues with relevant
literature attributed to fourth industrial technological changes and the automation of jobs. It
further includes literature that discusses the impact of 4IR technological changes on workers’
jobs, the impact of 4IR technologies, specifically on jobs in the automotive industry, the
problems of 4IR for workers, the potential impact of the 4IR technologies on workers and jobs
in South Africa, as well as skills development in preparing the current workforce for new

technologies, the reshaping of the industry using new technology implemented in companies.

The literature is then sharpened and narrowed to include the automotive industry specifically;
its operating structure which contextualises the impact of 4IR in South Africa in the automotive
companies, specific for this study, in which workers operate and that have implemented the
same type of unified production operations and changes in their plants, both in SA and globally.
The relevance of the conceptual and theoretical framework shows how technological advances’
implementation impacts on workers. Further literature included in this chapter discusses, in
detail, the theory of each article and gaps in the various research that exists, which the research
question and objectives of this study is intended to bridge such gaps. The next chapter of this

study consists of the research methodology that was adopted in this study.
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CHAPTER 3: RESEARCH METHODOLOGY

3.1 Introduction

The previous chapter outlined the literature review. This brought to light some of the theories,
such as the social cognitive theory as well as the (PWT) that emphasise self-management,
which bases its views on new occupations and industries. These theories set the scene and are
relevant for this chapter on the research methodology, of which the focus and approach is on
workers’ experiences as they are the ones impacted by new technologies, as outlined by the
research questions and objectives of this study. Some of the research questions were on how
the new 4IR technologies impacted job roles and responsibilities within the automotive
industry, specifically at OEMs, and supplier companies, as well as the specific organisational
problems faced by workers during the implementation of 4IR technologies and how these
problems affected workers’ employment conditions. Further, the research objectives were to
explain how new 4IR technologies are impacting workers’ jobs by means of actual job changes
that analyse some of the worker organisational problems as well as to close some of the gaps
in previous literature, by identifying automotive worker specific problems, and to design a
participatory model for workers and automotive industry employers, thereby addressing the
research problem under investigation which was to identify how the introduction and
implementation of 4IR technologies on workers’ jobs in the production plants in OEMs and
supplier companies are impacting workers. Hence, this chapter presents the research

methodology that was adopted to conduct this study.

The research methodology adopted, focused on a qualitative approach. This approach was
appropriate, as it analysed the problems experienced by workers as a result of technological
advances introduced at the various companies due to the 4IR that is impacting workers and was
able to assist in defining the kinds of problems faced by workers. With this in mind, the design
and plan of the data collection using interviews was appropriate to obtain the participatory
input of workers' experiences, which contributed significantly to the study findings, conducted
via email and Microsoft Teams virtual platform throughout the study. Workers participating in
this study were from the automotive industry, currently employed at various OEM plants, as
well as supplier companies that are concurrently implementing automation in their production
lines of motor vehicle manufacturing. Worker participants were drawn from the (OEMs), and
two supplier companies that were used in the study, hence the methodology was centred on

this approach.
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3.2 The research design

The research design used for this research study was a qualitative research design. According
to Houghton, Casey, Shaw, and Murphy (2013:4), “qualitative researchis a process of
naturalistic inquiry that seeks in-depth understanding of social phenomena within their natural
setting. It focuses on the ‘why’ rather than the ‘what’ of social phenomena and relies on the
direct experiences of human beings as meaning-making agents in their everyday lives”;
qualitative research aims to understand, from within, the subjective reality of the study
participants. This study adopts this rationale of “social phenomena within their natural setting”
to explain how the controlling principles of technological processes and change like work are
impacting workers in their everyday lives. Therefore, these “social phenomena” are based on
workers’ experiences at their vehicle production plants as their “natural setting,” as described

by Houghton et al. (2013).

This study utilised Flick’s (2013) method of a combination of descriptive and explanatory
methods, which describe the impacts of the 4IR experienced by workers, as well as explaining
some of the problems. The purpose of descriptive research is to describe the state of affairs,
describing the current situation faced by workers on the shop floor (Kothari, 2004). As such,
the research design for this study is a logical progression of stages or tasks, from problem
formulation (impacts of the 4IR) to the generation of conclusions or theory (possible solutions),
which are necessary for planning and carrying out the study (Creswell, 2019; Marshall &
Rossman, 1999). The concept of research methodology is defined by Schwardt (2007) as being
a theory of how an inquiry should proceed and involves analysis of the assumptions, principles,

and procedures in a particular approach to such an inquiry.

According to Schwardt (2007), and Creswell et al. (2009), methodologies explicate and define
the kinds of problems that are worth investigating, and how to frame a problem in such a way
that it can be investigated using particular designs and procedures. In addition, it guides the
research on how to select and develop appropriate means of collecting data. This type of study
design is necessary to describe this research topic and is a plan of implementation on how the
research process is undertaken, together with the required instruments to achieve the desired
research objectives (Flick, 2013). Ultimately, the overview of the study area focuses on a
qualitative approach, based on a case study, using a sample size of four automotive plants (shop
floor) consisting of a total of 13 participants in the respective plants impacted by digitalisation.
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This was followed by using methods of data sources (interviews) to develop a comprehensive
understanding and by testing the validity through the convergence of information from
different sources, of the phenomenon of the Fourth Industrial Revolution. The chosen research
design therefore constituted the principles of qualitative research approach, which shaped the
research to interpret it to assess the impact of the Fourth Industrial Revolution on workers using

interviews to bolster the findings of the study.

3.3 Research population and sampling
3.3.1 Research Population

The research population is described as the population as an aggregate or totality of all the
objects, subjects, or members that conform to a set of specifications (Polit & Hungler, 1999).
The research population and unit of analysis in this research study were both male and female
workers in the automotive industry working for the OEMs, as well as from the vehicle supplier
companies in South Africa. This particular population was selected to give expression to
different kinds of impacts of 4IR on job roles in the industry. The research population were 13
workers in total, shop steward representative of OEMSs, supplier companies and skills
development institutions, as well as a trade union automotive co-ordinator. The majority of the
respondents population were shop stewards and the rationale for this majority population was
because shop stewards have the intricate knowledge of the various job changes taking place in
their companies from a technical and practical point of view. Other respondents (union official)
provide an operational view and the strategic policy views are provided by the SETA
respondents.

3.3.2 Sampling Type

Purposive sampling is widely used in qualitative research for the identification and selection
of information-rich cases related to the phenomenon of interest (Palinkas et al., 2015). The
choice of purposive sampling for this study was based on the aim of the research (Ritchie,
Lewis, Nicholls & Ormston, 2014). In this case, to explore the impact of digitalization on jobs,
shop stewards of automotive companies, both OEM and supplier companies, as well as skills
development stakeholders and a trade union official were selected in the sample type. The
differentiation between a shop steward and an official is that a shop steward works in the OEM
and Supplier Companies and has practical and technical production experience as compared to
a trade union official who has a more operational experience of the automotive industry. Hence

both participants contributed different perspectives. Purposive sampling that included choosing
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individuals who have certain qualities or experiences that are pertinent to the study, was used
(Creswell, 2019). This was chosen as the researcher was interested in the experiences of
persons who have been impacted by these technologies. The sampling selection was based
purely on who was available and on which case studies would serve the purpose of this research
(Ritchie et al., 2014). The rationale behind the use of purposeful sampling in this study was to
acquire a sub-set of the workers’ population in the automotive industry who would contribute

to a good representation of the industry to avoid bias (Economic Times, 2020).

3.3.3 Sampling Size

Sampling is a process, act, or technique employed in research to systematically select a
relatively smaller number of population-representative from a pre-defined population to serve
as subjects in the study (Sharma, 2017). The following table depicts the sample size and the
number of respondents, as well as the number of interviews conducted for the research study.
This research sample size was determined using a total of 13 participants. Each participant
selected, contributed to the research in terms of addressing the research questions, objectives
and the research problem at hand, hence participants selected were representative of the
automotive industry both from OEM and supplier companies and relevant participants
representing the current skills development landscape, that is, the SETA (sector education
training authority) and the SAQA (The South African Qualifications authority). The selection
of the combination of participants add value to the study as each participant shares different
perspectives and experiences as a result of technological advances in the automotive industry.
The sample size was also largely determined during the time which the study was conducted
which was during the Covid pandemic. This also contributed to how the study was conducted,

however all ethical processes were followed.

Table 3.1: Table of sample size and the number of respondents

OEM plants BMW SA 5 Interviews =5
Shop steward
VWSA 3 Interviews =3

Shop steward

Supplier Company Lear Corporation SA |1 Interview =1
Shop steward
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Logistics Company Schnellecke SA 1 Interview =1

Shop steward

Trade union Official in the Automotive Sector NUMSA (1 Interview) | =1

Stakeholder interviews (SETA & SAQA) (2 Interviews) =2

Total Sample Size 13

3.4 Data gathering procedure and methods
3.4.1 Interviews

As a preferred and ethical method of data collection during a Covid pandemic, interviews, as
described by Gill, Stewart, Treasure and Chadwick (2008), was used to explore the views,
experiences, beliefs, and motivations of individual participants. The selection of interviews as
the data-collecting instrument in this study is because interviews would better assist in
explaining the experiences of workers at their various companies from their point of view.
According to Fontana and Frey (2005), unstructured interviews, as a qualitative research
method for data collection, are an effective tool to access people’s experiences and participants’
inner perceptions, attitudes, and feelings of their reality. Further, unstructured open-ended
interviews assisted in obtaining in-depth information from workers without limiting their
views, which could be the case using another method of data collection. Such interviews
contributed to the study, as the workers’ views were unfiltered and they were free to express
themselves without fear or favour (Weller, Vickers, Bernard, Blackburn, Borgatti, Gravlee, &
Johnson, 2018).

The participants interviewed in this study were all South Africans, adults working in the OEMs
and supplier companies, above the age of 18. The workers who were interviewed also chose to
remain anonymous in the process. These interviews were an effective method of generating
and interpreting workers’ experiences and points of view (Ritchie et al., 2014). The study
utilised interviews with a manager in the automotive industry to source input from an
operational perspective in explaining how digitalisation has changed operations in the work
plant. Interviews with various stakeholders were in the form of unstructured open-ended
questions. Interviews with workers were undertaken, nationally, in South Africa and were
conducted via an online platform. Different numbers of participants were selected for different

institutions, as shown in the table of sample size ,and the number of respondents and the rational
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for using a combination of participants was because each participant presented different views,
technical views by shop stewards, operational views by the trade union official and strategic
policy views presented by institutions as a whole for e.g. the SETA as an organisation gives an
holistic skills approach to 4IR for the entire automotive industry. The justification for using
online interviews conducted in the study was due to the period in which the study was being
conducted and the global shutdown during the Covid 19 pandemic as the country was in a state
of disaster and online platforms were the only mandatory means of conducting the study and
taking into account all ethical aspects of the research requirements that had to be adhered to.
Participants also found this the most suitable and safe method at the time, due to the nature of

the circumstances.

3.4.2 Nature of Data in the Interviews

Unstructured interviews do not reflect any preconceived theories or ideas and need little or no
organisation (Gill et al., 2020). The interviews were guided on the topic of digitalisation in the
workplace. The practical experiences of workers were shared using a set of pre-determined
open-ended questions. In-depth questions directed at workers included company dynamics,
geographic footprint, production processes, market information, such as imports and exports,
specific information from employees relating to the company, impacts of the introduction of
technology in their specific plants, labour broking, skills development strategies or gaps, shop
steward structure and collective bargaining agreements in place. Further questions regarding
supplier companies were conducted to determine the level of implementation of technology

and its impact along the value chain.

3.5 Data analysis strategy

Data collection and analysis tools are defined as a series of charts, maps and diagrams designed
to collect, interpret, and present data for a wide range of applications and industries (ASQ,
2020). The NVivo tool of thematic analysis was used to analyse data in this study. It was
important to transcribe the audio recordings of the interviews in a verbatim manner to guarantee

precision and inclusiveness.

The following table summarises the approach undertaken using thematic analysis
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Table 3.2: Thematic analysis

Approach and steps

Description

Importation of
transcribed data

The initial step involves importing the interview transcripts into
the NVivo software. It is necessary to establish a systematic
organisation of data, wherein the responses of each interviewee
are meticulously categorised and stored in distinct compartments

Familiarisation with
the Data

A thorough examination of the interview transcripts to gain a
comprehensive understanding of the text facilitates the acquisition
of a deep understanding of the data.

Data segmentation

Involved dividing a dataset into distinct and meaningful subsets
based on specific criteria or characteristics

Generation of codes
and coding

Generation of nodes (codes) within NVivo to symbolise the
themes or concepts that pique your interest. The nodes serve as
categorical entities that facilitate the organisation and analysis of
data.

Code Refinement

Code Refinement involved improving the quality and efficiency
of computer code. It aimed to enhance the code's readability,
maintainability, and performance without altering its sense

Development of
themes

After completing a substantial portion of data coding, the codes
were analysed to identify any potential connections and patterns.
Themes began to emerge in this context.

Source: Nowell et al., (2017)

Using thematic analysis, was used as a methodological approach to distinguish and establish

prominent themes and patterns within the dataset obtained from the interviews. This process

entailed becoming acquainted with the data through repeated readings of the transcripts. The

process of generating initial codes involved the identification of significant features or concepts

within the data. The process involved organising codes into thematic categories that effectively

encapsulate the underlying content of the data. The process of reviewing and refining the

themes is undertaken to ensure that they possess a high degree of coherence and relevance. The

data was interpreted by establishing connections between the identified themes and findings

and aligning them with the research objectives and questions. This analysis aimed at

establishing correlations between the prevailing themes and offered valuable perspectives on
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the impact of Fourth Industrial Revolution (4IR) technologies on job roles and responsibilities

within the automotive industry.

Triangulation was also used which involved the use of multiple sources or methods to gather
and analyse data to enhance the quality of the data generated from the interviews. It involved
incorporating various sources of data, such as secondary data, company reports, and academic

literature, to validate the findings and strengthen the reliability of the research.

351 Validity

According to Heale (2015), validity relates to the consistency of measures. In addition, it is a
method that measures the characteristic or trait of interest (Bolarinwa, 2020). The questions in
the interview process were formulated to achieve validity in this study. This process was
conducted by ensuring that questions were standardised and easily replicated. In so doing, the
interview could be repeated through a test-retest procedure, which involved administering the
same measurement instrument of an interview to the same individuals, under the same
conditions, after a period. The same respondents from the selected sample size were used
throughout this study. A consistent number of workers, as indicated in the sample size, were
used to share their experiences. The South African case study method produced stable and
consistent results due to the standardised format of the interviews completed by the respondents

and the input that the research aimed to achieve.

352 Reliability

Reliability, according to Bolarinwa (2020), is the extent to which an interview, a test, an
observation, or any measurement procedure produces the same results on repeated trials. A
specific measure is considered reliable if its application on the same object of measurement
several times produces the same results (Research Methodology, 2020). Each question in the
interview contained a value attached to it. On completion of the interview by respondents, the
responses were analysed accordingly, to ensure reliability and stability. The reliability of this
study included retesting the same number of participants on the same interview at a different
time to compare their input with the previous interview responses. Hence, the reliability of the

research lies in the input obtained from the interview results.
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3.6 Ethical considerations

According to Connelly (2014), authors are required to report on the ethical considerations of
their research to ensure participant consent in the areas of voluntary participation, safety,
confidentiality, and anonymity. According to Orb, Eisenhauer and Wynaden (2001), ethics
pertains to doing good and avoiding harm. Harm can be prevented or reduced through the
application of appropriate ethical principles. Thus, the protection of human subjects or

participants in any research study is important (Orb et al., 2001).

Data collection involved using interviews in the study and was appropriate to obtain the
participatory input of workers’ experiences, which contributed significantly to the research
findings. All data collection methods were done on a virtual and electronic platform (Microsoft

Teams as well as email), mindful of the COVID-19 pandemic.

Before the Study: Research involving human participants accompanied the consent
documents that addressed the specific study. In this specific research, the consent of shop
stewards, managers, and trade unions was enlisted. The informed consent of workers was
obtained and a sufficient amount of information about the study was provided to the
participants for them to make an informed decision and understand the implications and their
contribution towards the study. This was also to ensure that information supplied by the
workers would remain anonymous, as the study needed to protect the workers’ identity, as well
as their right to human dignity and autonomy in answering questions and providing further
details. All company data and statistics comprised information that was already in the public
domain and no confidential documents or data were sourced without the consent of
participants. Research participants were informed of their right to abstain from participating in
the study, or to withdraw from participating in the study by revoking their consent at any time,
without suffering prejudice or reprisal. The study applied the principle of informed consent as

an on-going process during the research.

During the Study: The researcher acknowledged all the sources used in the study accordingly.
The interviews included information about the purpose of the study before being distributed to
respondents. The identities of the respondents remained confidential during this period. All the
sources were included in the list of references attached at the end of the study. The respondents
were not given any token that could suggest the solicitation of bribery. Those who chose not to

respond to certain questions were allowed to do so.
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After the Study: No participants in the study were compromised in any way in terms of
confidentiality of information, both personal and company-related. All information utilised in
the research was public knowledge and the input of participants was consensual. The researcher
analysed and reported the findings, according to the data collected from the respondents. The
researcher conducting the study did not use any of the data to rubber stamp the researcher’s
pre-conceived conclusions. The research findings were shared with respondents before they

were finalised for examination.

3.6.1 Limitations of the study

It is also important to note some of the limitations encountered in the study, which include
workers wanting to stay anonymous during interviews, due to the nature of the information that
they shared with regard to their work changes in their various roles, they wanted their views to
be expressed, however on a no-name basis. Therefore, no worker's names were disclosed in
this study, hence it was considered a limitation, however, workers were content to share
information based on their job changes and experiences and requested that their views find
expression in this dissertation nonetheless; hence this research study took into account all
ethical practices in the process. Other limitations included workers' shared access to technology
such as using a single laptop at their various plants to conduct the various online interviews for
this study, also the challenge of them having to have access to a printer to scan and send input,
however, resources were shared amongst workers to contribute to their experiences to this
study and as the researcher of this study, I tried to assist where possible although there were

limitations present, we managed to conduct the study with the required objectives successfully.

3.7 Chapter summary

This chapter discussed the research methodology and rationale of using this particular research
methodology and the research design that was used in this research study which was a
qualitative research design. Aspects of the research study in terms of the research population

of the study was discussed.

The research population and sample size consisted of a combination of 13 participants that
included shop steward representatives of OEMs, supplier companies and skills development
institutions, as well as a trade union automotive official, all of which were part of the research
population. The type of sampling used was purposive sampling and the justification of the data

gathering procedure, conducted via an online platform, was due to the study being conducted
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during the period of the Covid pandemic. The data gathering procedure and methods were in

the form of open-ended unstructured interviews.

Lastly, the data analysis strategy was performed by means of a thematic analysis approach in
order to distinguish prominent themes and the data analysis also detailed the validity and
reliability as part of the data analysis strategy. Pertinent aspects of ethical considerations were
discussed, taking into account their adherence, before the study was conducted, during the
study and after the study. The next chapter of this study consists of the research findings and

discussions.
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CHAPTER 4: RESEARCH FINDINGS AND DISCUSSIONS

4.1 Introduction

The previous chapter of this study presented the research methodology used in this study. This
chapter deliberates on the research findings and discussions. The aims of the research question
and objectives of this research were to determine the impact of new technology on workers in
production plants, the problems and prospects and the future of jobs for workers in the
automotive industry. The findings of this research therefore indicate the following, based on
various worker participants' input on their experiences, as well as their suggested input in the
process of technological change at the workers’ respective workplaces, both at an OEM and
supplier level, as well as in the automotive industry as a whole. This study critically examined
the literature and relevant theories as well, which served as the foundation for the development

of these findings and recommendations.
The findings are systematically structured to answer the following research questions:

I.  How do new 4IR technologies impact job roles and responsibilities within the
automotive industry, specifically at OEMs, and supplier companies?
ii. What are the specific organisational problems faced by workers during the
implementation of 4IR technologies at OEMs and supplier companies?
iii.  Inwhat ways do 4IR technologies lead to work changes in the automotive industry?
The findings from the interviews are presented according to anonymity as “participants 1 to

13”. Responses that were similar have been omitted to avoid duplication of findings

4.2 Data presentation

The presentation of data collected is based on the three critical research questions raised in the

study, which should answer the following three aspects namely:

1. Whether technology has impact on the roles and responsibilities of workers in the
automotive industry?

2. Whether there are specific organisational problems faced by workers in the automotive
industry?

3. Whether the introduction of 4IR technologies leads to work changes?

Based on data collected from the participants in the study, the results are presented as follows:
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4.2.1 The impact of the 4IR technologies on job roles and responsibilities within the
automotive industry

In this research that sought to evaluate the available evidence relating to the impact of
technological innovation on workers, occupations, jobs, and skill needs, the starting point for
the evaluation was an assessment of how technological innovations and robotics have
intersected with work organisation and the production of motor vehicles in OEMs and supplier
companies in terms of the implementation of new technology and robotics. The findings of the
research emanate from the analysis and results by using the applied research methodologies of
online interviews that were electronically circulated to participants as well as relevant literature
reviews carried out concerning the following OEMs, VWSA, BMW and in the supplier
companies of Lear Corporation and Schnellecke logistics. In terms of the skills development
methodology utilised, the interview sessions with the relevant skills and education training
authority (SETA), were conducted based on the skills development strategy and the changing
nature of jobs, taking into account the necessary problems being faced by workers and further,
the development of a suggested 4IR training model as a possible prospect into the transition
and integration of the new technologies in the era of the fourth industrial revolution trajectory
in the automotive industry, and in practice, the OEMs and supplier companies, in this research
study.

The results of the interviews, as well as the literature, show a strong indication that OEMs are
automating at a rapid pace through data contained in the financial statements of OEMs and
supplier companies, as well as these multinationals’ level of investments in industrial robots,
as seen in the South African automotive industry and globally, shown in data presented in the

literature review section of this research.
Participant 1 suggested that:

Robotics are widely being used in production plants, almost at a rate of 90%,
Participant 3 noted that:

with a fully automated body shop, paint shop and with time, increasingly workers being

moved to the assembly line

Participant 4 observed that:
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Job titles, such as spot welders and spray painters, as well as toolmakers, were

completely replaced by robotics that now perform these tasks

Participant 5, shared similar views that:

The robotics are rapidly upgraded to perform even more sophisticated tasks than the
previous version, to perform the few tasks originally performed by workers via
manual labour.

Participant 5, 7, 9, 12 seem to suggest that:

the line speed of robotics places enormous physical pressure ergonomically on workers
to maintain the line speed with insufficient time to have a break.
As was observed across the interviews, prior, only certain aspects were performed robotically
but now they are fully automated by using sealer robots and sucking robots and the robotics
are rapidly upgraded to perform even more sophisticated tasks than the previous version, to

perform the few tasks originally performed by workers via manual labour.

In the assembly line of OEMs, workers are faced with unpreceded problems with the
replacement of operators by robotics and these operators moved to the assembly line, as the
line speed of robotics places enormous physical pressure ergonomically, on workers to

maintain the line speed with insufficient time to have a break.

Participants across seem to agree that: the break consists of a 15-minute tea break and a 30-

minute lunch break.

Participant 2 shared that: older workers like me were offered voluntary separation
packages when certain robots were introduced, and younger workers find themselves
in the assembly section of the plant also under pressure to produce and keep up with
the very fast pace of the line speed initiated by the robotics at the start of production at

the level of body shop down to the level of the assembly line.

Such responses mean that once a worker leaves the organisation, either using retirement or
work pressure due to line speed expectations, no replacements are being done by the OEMs,
as well as supplier companies, the process of natural attrition applies. The OEMs utilise
productivity concepts such as the “worker innovation” concept, basing productivity in the
assembly line process on this concept. This concept is based on the premise of keeping up and
maintaining line speed in conjunction with production by industrial robots, making its way

down to the assembly line level.

73



4.2.2 The organisational problems faced by workers during the implementation of 4IR

technologies

In conducting the various online interviews with workers from OEMs and supplier companies

and thoroughly evaluating the results systematically, core areas of problems emerged, based

on workers’ input in the context of worker organisational problems. The following table is a

summary of problems for most workers in the core areas, as identified by the 13 worker

participants in the study from the OEMs, as well as the workers at supplier companies. In the

interview process, participants indicated the following factors to be critical problems faced by

them at their respective production plants and supplier companies. On further data analysis of

the various interviews, the following key topics were referred to and emphasis was placed on

these particular factors.

Table 4.1: Summary of the types of worker problems as a result of the implementation

of robotics

Robotics Implementation and job

replacement
Line Speed problems (ergonomics)

Short time (fewer hours of work),

lower pay
Health and safety problems

Productivity concept in terms of line

speed

Skills development problems, lack of
skills

technologies for simulation learning

strategy, investment in

Employment and placement
problems - Job opportunities are

limited for a particular race group

Lack of worker involvement and

consultation, rather just

implementation of strategy
Lack of skills accreditation

No recognition of prior learning
No dual training

Work reorganisation

Gender problems

Job losses
Insufficient manpower in the
assembly line (natural attrition
problems)

Lack of investment in skills and

development training and acquisition

74




of new technologies for simulation

learning

Source: Author (2023)

Here, the evidence focuses on a group of technological innovation problems in the automotive
plants that appear to have increasingly disruptive effects on the workers themselves and their
job roles, as well. By contrast, estimates indicate a significantly stronger effect on job and
occupational transformation, as tasks that make up jobs and the skills required to do them are

reconfigured to accommodate technological change.

In examining the patterns of job destruction, this analysis makes known that other factors are
likely to play a meaningful role in shaping patterns of net employment growth and this includes
the impacts of trade and investment in shaping new productive capacity, which involves
shifting employment opportunities from one location to another within global value chains.
This research, after data analysis, indicates that the more profound consequences of
technological innovations are likely to be apparent in the patterns of job creation and
destruction. This is seen by new emerging jobs and job titles, this is broadly known as the
polarisation or ‘hollowing-out’ hypothesis, with net job creation most concentrated in highly-
skilled (and higher paying) and low-skilled occupational categories. In understanding these
patterns, it was important to be cautious not to presume that the trends would be the same across

countries.

4.2.3 Work changes in the automotive Industry

Based on input shared from worker interviews with shop stewards at various companies, it
indicated the impact of the new technological changes, both in the introduction of new
technology, as well as new technological processes that took place and are still taking place at
their plants, that is affecting them in terms of job roles, remuneration, and their respective

conditions of employment, as contained in the bargaining agreement.
Participant 4 specifically emphasised that:
As an example, one illustration included the shared experience of a changing job role

in the company from a storeman to being moved to a more general work area.
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In the workers’ main agreement, signed between the employer and the employees, as agreed

by and gazetted by the relevant bargaining council,
Participants 1-8 share similar sentiments that:

the agreement included providing legally binding and comprehensive conditions of
employment, including minimum wage structures for all employees whose jobs are

defined in the agreement.

These include separate technical schedules, each one applicable to a particular sub-sector of
the industry value chain contained in the agreement. These technical schedules detail the
specific jobs, tasks and technical activities which are undertaken by employees participating in
the direct production process in those sectors, based on the industry definitions applied to the

OEM or supplier company.
Most participants suggest that:

As part of the job analysis process, some companies consult SMEs (subject matter
experts), to provide insight and feedback on specific role requirements in a specific job.
After analysis, some operations like “store operations” do not fit within the main
agreement and therefore, the storeman position does not meet the definition
requirements under the main agreement classifications, thus falling outside the

companies’ definition of stores.

Such findings from the interviews with workers indicate the grey areas of changing job roles
and tasks associated with a role and position changing, as a result, older workers who do not
have the future requirements of the transitioned role are now at a disadvantage. Further
conditions of employment changed from wages to salary with a new grade structure and new
hours of work, as well as a change in operations affect how the worker is protected in the
agreement, as a result of the job role becoming redundant and no longer accommodated in the

newer job roles, grading structures and protectionist clauses in the guiding regulations.
Many participants suggested that the main agreement is also no longer applicable.

This leads to the entire change of the job profile as job roles change hence the duties and
responsibilities supersede the old job titles. It has therefore become clear from the analysis of
the storeman role, that the complexity and role requirements of the position had changed and

could not be accommodated within the parameters, as set out in the main agreement with
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workers. Hence, workers’ job roles performed in previous roles from the automotive body shop
to the paint shop are partially, if not entirely, under-utilised in the assembly where most workers
were moved to as a result of the robotics replacing their job functions. The various job roles,
such as spray painter and spot welders, have transitioned from a purely manual process to a
more complex process with the adoption of new technology which requires the job roles to
operate in a system-driven environment now purely operated by robotics and not by a manual

worker.

Based on the data analysis of the workers’ interviews, there are disruptive effects of emerging
information and communication technologies. This was evident when examining the numbers
and types of jobs affected by developments in technology, based on the sample size and worker
input, that led to significant worker dislocation to the assembly line. All of these findings relate
to the future of jobs for workers as a result of the new technologies and while it is unable to
predict the future, it is clear from the input shared by workers that they see their jobs requiring
new forms of skills development and training and their readiness in terms of the upskilling and

reskilling would impact the future of their jobs.

4.2.4 The technological changes at individual OEMs and supplier companies

These are some of the changes in the various OEMs and supplier companies, based on

individual company findings.

Since most automotive production plants are similar in terms of their production and functional
layout, most changes experienced by workers are technically similar for the OEMs, however,
these are some of the findings experienced by workers in these specific OEMs and supplier

companies with the implementation of new technologies and their impact on workers’ jobs.

4.2.5 The workers' experiences with technological advancements at VWSA
Participant 9 quoted his experience with technology as follows:
when they bring in new robots, | get overwhelmed to think of the speed that | must keep

up with and I am only human and I am not young to work fast to keep up the speed of a

robotic instrument”

In the OEM VW, the company has implemented various technological changes by introducing
approximately 320 robots as per the workers’ insight into the company production line

transitions. These new laser robots and sealer robots are located in the body shop of the
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production plant and replace the job roles and responsibilities originally performed manually

by a human worker in the job role of an operator.
Participants 1, 2, 3, 4, 6 and 9 share similar sentiments;

in the paint shop section of the production plant at VWSA, before technological
advancements, the entire paint shop tasks were carried out manually by spray painter
workers as well as the paint shop sealer workers and general workers in the paint shop,
currently, the entire paint shop is automated by laser and sealer robotics that perform
the complete paint shop tasks that go into the spray painting of a vehicle irrespective

of the various model specification of the vehicle to be spray painted.
For Participant 11;

the press shop section of the production plant that was responsible for the tasks of “end
of line stacking “‘used to be operated by a press operator and is now operated by “Kuka

stacking robotics” responsible for the various tasks associated with stacking and

picking up objects.

Figure 4.1: A representation of a stacking Kuka Robotic used at VW that is referred to
by the participant.

Source: KUKA (2015)

In the Assembly line of the production plant in VWSA, there is also the replacement of
operators, these operators are specialised in a specific work area of the assembly line but have
been replaced by robotics whilst others have been placed in areas of the production plant within

VW and other workers who leave or retire at the OEM, are not replaced, as the company applies
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the concept of natural attrition. The result of this approach for workers at VW is that workers
are faced with issues of health and safety problems associated with having to keep up with the
speed of robots used in the assembly line of the production plant. This impacts the workers
ergonomically, including challenging the physical and mental capabilities of workers. Further
work reorganisation of workers moved from one section of the plant to another, due to change
of jobs tasks as new robots are introduced, sees skilled workers, as well as semi-skilled, placed
in positions that they were not originally employed to do as in the case of the operator workers,

toolmakers and mechanics who had retrenchment notices.
Participants 1, 11, 12 and 13 shared similar sentiments;

Workers have reiterated that the company does not consult with them about these
unilateral technological changes before their implementation in the production
processes and further, there is very little substantial recourse in their current conditions

of employment to protect them as automotive workers in the OEMs.
Participants 1, 4, 3, and 7, with close views, note that:

in terms of worker skills development, when new technologies are introduced at the production
plants, workers in the plant are not able to receive dual training i.e., training whilst being
employed in the OEM in other skills, for example, in mechatronics or other electrical

qualifications that could assist their career paths.
Most participants agree that;

the current training academies contain outdated machine technology that is irrelevant

to the current forms of production robotics in practice.
Most participants reiterated that;

there is a need for accredited training that is relevant and up-to-date with the industry's

technological changes and use of robotics.
Most participants have described this experience as follows:

these new robots are too sophisticated for us because they require computer
programming, which we don’t have and it is challenging for us to do a job we don’t

have the skills to perform.
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Participants 1, 2, 5, and 9, noted that:

some workers do not have clear job specifications when they are reorganised in other

job roles, hence they are placed where they are needed and moved when their job tasks

are replaced with a robot, hence this impacts them negatively as it creates a level of

uncertainty in terms of roles and responsibilities, as outlined in their original job

descriptions when they were employed.

Such sentiments confirm information that was captured in the triangulation as demonstrated in

Table 4.2.

Table 4.2: Job changes at the OEM, VWSA

(workers that
remained)

the assembly line

Production | Worker Job Worker Job Worker Outcome of | Job/Workload changes
area of the description description after technological
OEM before technological change
technological implementation at implemented
implementation | the Plant
at the Plant
Body shop Operators If the workers are Job task replaced +- | If still employed,
still employed, they | 90% by new laser workload increases, if
transition to general | robots and sealer another worker leaves or
workers, whether robots there is the element of
skilled or semi- natural attrition.
skilled Workload is increased
Paint shop Spray painters Job task replaced -+ | Some workers who do
90% by new laser remain are moved to the
robots and sealer assembly line for general
robots tasks and provide
complementary work
Paint shop Paint shop Job task replaced -+ | Some workers who do
sealer 90% by new laser remain are moved to the
robots and sealer Assembly line for general
robots tasks and provide
complementary work
Assembly Operators Job task replaced -+
line 90% by new laser
robots and sealer
robots
Press shop Press operator Job task replaced by
“Kuka” stacking
Robotics
Body shop Skilled operator | General worker The worker moved to | Job/ Workload
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Production | Worker Job Worker Job Worker Outcome of | Job/Workload changes
area of the description description after technological
OEM before technological change
technological implementation at implemented
implementation | the Plant
at the Plant
Spray-painter General workers The worker moved to
and welder the assembly line
(workers that
remained)
Artisans Technician skill Lack of skills to meet
demands new work demands

Source: VW Interview data (2021)

The above employment data extracted from the annual financial statement of VW indicate
consistent employment, however, the disaggregation of employment data is not known, and
hence, one is unable to see the types of employment and the sustainability, as well as the nature
of positions in these figures. To have these figures would have shown the movement of workers
in various positions, as well as the permanent and seasonal staff. Therefore, even though the
employment number remains constant, the actual details, as explained by workers, do not show
staff turnover rate or types of employment like seasonal employment and “gig work.” ‘Gig
work’, as it is termed, is the process of work created as and when the need arises that equates
to a job linked to a period with not much or no sustainability attached to it. Hence from the
input of workers, this employment data shows an increase in employment, however, it is
because the nature of the jobs that are contract work, adds to the numbers but in terms of actual

permanent employment, the percentage is reducing.

4.2.6 The workers’ experience technological advancements at the BMW SA OEM

Participants 1, 5, 6 and 7 mentioned that:

their production processes are also transitioning due to the implementation of new
technologies by the rapid demand for different vehicle models and the shift of the

automotive industry to the manufacture of new electric vehicles.

In terms of the production line in BMW, the process includes stages of vehicle manufacture

from the body shop to the paint shop and then to the assembly line.

According to Participants 1, 5, 6, 8, 12;
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100% of the body shop is now automated, with approximately 80 to 90% of the paint
shop automated and operated by robotics performing tasks previously carried out by

manual workers.
Most participants observed that;

the assembly line is the only area of the production plant that has the use of workers to
perform manual labour tasks and responsibilities. These include technicians fixing or
adjusting robots to work according to the specifications set out and this type of job
function is a specialised skill that most workers in the assembly line do not have. Hence,
on a skills development challenge, the skill of mechatronics in the automotive industry

skills training is largely lacking.
Participants 1 and 10 mention that:

in the production plants, the manufacturing in the body shop was previously done by
manual workers and now the entire body shop is automated and solely operated by

robotics.
Participants 7 and 9 noted that:

Job titles, such as arc welders, have been replaced by robotics in the body shop and in
the paint shop of the production line, workers employed as spray painters were also

replaced, as well as the replacement of operators.

When it comes to training, most participants describe the training they receive on how to
operate new robotics that takes place in a short period (a day or two). To most of them; this is
not adequate time to learn a skill and secondly, it is training that is not accredited by any

formal institution.

This impacts workers because if they were to leave the automotive industry and OEM
companies, they would not have the necessary qualifications required to be employed in other

jobs, even though they have practical experience.
Most participants agreed with the:

training academies located on-site at the BMW OEMs do not adequately
accommodate workers’ needs in that workers describe the training centres as outdated

and that have no academic influence on their career paths beyond the OEM use.
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Some also noted that the company does not consider employing workers trained in the academy
instead they employ outside candidates without giving preference to internal workers who have
operated the robotics and have years of experience. This, for workers, is a major challenge, as

the element of recognition of prior learning is not taken into account.

Furthermore, most participants observed that; new workers are brought in to do specialised
tasks because they have the specialised qualifications with no experience as workers do. Hence,
it is a big challenge and discouragement to workers in terms of the ethical conduct of the OEM
selection process in not giving workers first preference in better employment opportunities in
the OEM.

Another quoted on his experience with technology and digitalisation as saying,

”” This new technology is causing me to perform other job tasks and functions that were
not on my job description when the OEM employed me and | am afraid of asking
because I don’t want to lose my job, especially in this poor economic position”

Participant 10.

As triangulated from secondary data, the table below depicts the changes workers have
experienced over a period due to the technological implementation of robotics in the production
plants and the various job roles that have changed and roles completely lost and not replaced,
resulting in job losses. For workers who are fortunate to have remained, they are placed into
job roles that are general and are subjected to natural attrition, as well as having to work in

challenging conditions, keeping up to the speed of robotics at the assembly line.

Ultimately, workers' job roles that remain after automation, only do so in theory as the majority
of tasks and roles that remain are automated (+- 90%) and workers are replaced by robotics.
Workers' job roles after the implementation of robotics, are roles that are more supplementary
to the robotics rather than complete job roles as workers are only responsible for +- 10% of

their original job description.
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Table 4.3: Schedule of Job changes at BMW OEM

Production | Worker Job Worker Job Worker Outcome of
area of the description description after technological change
OEM before technological implemented
technological implementation at the
implementation | Plant
at the Plant
Body shop Operators If the workers are still | Job tasks were replaced by
employed, they new laser robots and sealer
transition to general robots
workers whether
skilled or semi-skilled
Paint shop Spray painters Job tasks were replaced by
new laser robots and sealer
robots
Paint shop Paint shop Job tasks were replaced by
sealer new laser robots and sealer
robots
Assembly Technician Technician Job task requires specific
line mechatronic skills largely
lacking
Press shop Press operator Job task replaced by “Kuka”
Robotics
Body shop Skilled operator | General worker The worker moved to the
(workers who assembly line
remained)
Paint shop Spray-painter General workers The worker moved to the
and welder assembly line
(workers who
remained)
Paint shop Arc welders General workers The worker moved to the
assembly line

Source: BMW Group Interview data (2020)

The above table shows the decline in employment figures from the period 2017 to 2020, which

is a clear indication that there is a reduction in the number of jobs, as explained by workers.

4.2.7 The workers’ experiences at Lear Corporation SA

At the supplier company, Lear Corporation, workers shared their experiences in terms of how

automation processes, robotics and their work conditions have been impacted. For most

participants, even though the work processes are now easier ergonomically, most work in the

seat company has been automated which requires a new set of skills that the majority of

workers lack.
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Participant 8 observed that;

Since Lear corporation has adopted the seating and E-Systems design, engineering
and manufacturing of the seats in vehicles, various job processes that used to be done
manually, are now done electronically and the expertise needed for the new electronic
systems is complicated, according to workers’ experience and require engineering, IT

and technical qualifications.
Participant 5 shared that:

workers who were required as sewers are now replaced by advanced automation that

is responsible for 90% of the work processes.
Most participants shared views that:

our work has evolved and therefore jobs in the supplier company require skilled
workers, the majority of whom are located in the engineering field. Most of the jobs
have been reducing drastically over the years as more jobs are being shed due to the

sophistication of technology that does not require much manual labour.

The work that does require manual labour is more on a management level. Workers get put on
short time, which means that they receive less pay for work since there is less work available

due to mechanisation processes.

Another challenge observed by most participants is that when these robots break down, it
causes work stoppage at Lear at the expense of workers and specialists and engineers have
often to be sought in Europe to repair machines as the skills and replacement parts are not

available in South Africa.
Participant 9 reiterated that;

for unskilled workers, many are contracted by labour brokers and called only when
they are required which creates job instability and also a much lower rate of pay; these
workers have also claimed to have been exposed to various harmful substances when

they are placed from one position to another in the supply chain

Participant 13 shared that;
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we are moved along the supply chain when work tasks become automated; eventually,
are retrenched. In fact, employment numbers are on a rapid decline as many workers
are said to have received retrenchment notices due to new technology and the company
no longer requires manual workers due to the introduction of robotics used in the
manufacturing processes, such as the electrification advanced network architecture

and connected mobility systems.

From the table above, it is indicative that technological changes are reducing the need for
manual workers and the manual workers who are required for the new forms of work are at a
skill level for which workers are not prepared. This impacts workers at Lear because new
workers with less experience, but more qualifications, are brought in and the older workers are

outsourced, as per workers' input.
Participant 9 mentioned that;

“I don’t have the necessary skills for these new forms of technology and I am afraid
that it will cost me my job because | will end up doing a task I don'’t like because the
work | used to do is not there anymore and the new tasks allocated to me, I am not

skilled to perform”
Another participant 4 described his experience as;

“when they bring in new robots, | get overwhelmed to think of the speed that I must
keep up with and I am only human and | am not young to work fast to keep up the speed

of a robotic instrument”

As seen from the above, workers’ job roles that remain after automation, only do so in theory
as the majority of tasks and roles that remain are automated (+- 90%) and workers are replaced
by robots. Workers’ job roles after the implementation of robotics, are roles that are more
supplementary to the robotics rather than complete job roles as workers are only responsible
for +- 10% of their original job description.

The company also practises the concept of natural attrition, hence when a worker leaves the
organisation, they are not replaced and this places pressure on the workers to carry tasks out
with limited manpower, jobs are reduced due to technology reducing the need to employ

manual and semi-skilled work at the seat company. As triangulated from the secondary data,
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the table below demonstrates how significant has been the impact of technologies on the work

schedule.

Table 4.4: Schedule of changes at Lear Corporation Supplier Company

Worker Job New forms of Jobs at Lear | Worker Outcome of technological
description before | corporation after change implemented
technological technological
implementation at | advancements
the Plant
Cutting Workers that do remain Job tasks replaced 90% by
offer supplementary roles to | automotive seating and electrical
robotics distribution systems technology
Sewing Job tasks replaced 90% by

automotive seating and electrical
distribution systems technology
Assembling Job tasks replaced 90 % by
automotive seating and electrical
distribution systems technology

Auto — Electrical New forms of skills are required that

engineering jobs some workers currently do not have.
Need for upskilling

Industrial Engineer New forms of skills are required that

some workers currently do not have.
Need for upskilling
Process Engineer: Quality New forms of skills are required that

specialist some workers currently do not have.
Need for upskilling
Supplier quality engineer New forms of skills are required that

some workers currently do not have.
Need for upskilling

Source: Nowell et al., (2017)

4.2.8 The worker's experiences at Schnellecke SA

In Schnellecke Logistics, workers have identified that the majority of work systems in the
company are using autonomous systems and robots to perform tasks associated with supply
logistics, warehouse logistics, module assemblies, sequences, as well as, packaging logistics,
spare part logistics and transport logistics. The company, according to most of the participants,
implements the “just-in-sequence delivery” of individual parts to the place of installation. The
majority of the work within the warehouse is automated as the “Picking Robots” carry out

tasks related to the material call-offs about size.
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Specifically, Participant 8 noted that:

the customised components are picked up and packaged into customer specific
containers and transported to the production line. The only manual work at this stage

is that of a driver operating the forklift.
Participants, 3 and 5 shared that;

the rest of the process that entails parts of about 200 different kinds are sequenced by
robotics and delivered to their point of origin and the entire production line process
and the production-sequenced deliveries are all automated by controlling the process

electronically.

The supply of production also utilises container/empties management, of which the company
utilises a form of customised software to determine the container’s number and location as well
as processing containers before they are put back into circulation to repeat the process of filling
the containers with parts again. The only job tasks undertaken by workers are the scanning and

driving processes.
Participant 11 noted that;

since my job role changes, | am required to perform less hours of work and as a result
1 struggle financially since I don’t receive the same pay scale as I used to because the

robots are doing most of the job tasks that we used to perform.

Most participants pointed out that the problems faced include - working fewer hours due to
robotic breakdowns and maintenance processes associated with mechanical breakdowns. Less
work for workers translates to lower pay and less work hours. This has a negative effect on

the net pay of workers.

In terms of the Schnellecke sustainability report for the period of 2018-2019, there is a
significant reduction in the number of employees from 19000 employees in 2018 to 17000
employees in 2019, as well as a reduction in in the number of countries from 14 countries to
12 countries in which Schnellecke is currently operating. Currently, there is no available data
for 2020. This table shows us the decline in employment figures, which is a result of the

implementation of new technology, as per workers’ input.
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Table 4.5: Schedule of changes at Schnellecke Supplier Company

Worker Job description
before technological
implementation at the
Plant

New forms of
jobs at
Schnellecke due
to technological

Worker outcome of technological
change implemented

advancements

Supply logistics Job task replaced by “Picking
Robotics”

Warehouse Logistics Job task replaced by “Picking
Robotics”

Module Assembling Job task replaced by “Picking
Robotics”

Packaging Logistics Job task replaced by “Picking
Robotics”

Spare part logistics Job task replaced by “Picking
Robotics”

Transport logistics Job task replaced by “Picking

Robotics”

Forklift driver

The only manual form of work still
available

Remote working
from a Tablet

New forms of skills are required that
some workers currently do not have.
Others can upskill whilst the majority
of older workers find it a challenge and
remain as drivers.

Source: Schnellecke Interviews (2021)

Based on the figure above, the impact of technological changes in the above plant is visible.

These changes have impacted the quality of the skills in that there is a skills deficit in terms of

the required skill level. Current workers only have the basic on-the-job training to carry out

their tasks, however, the skill quality required is to be at the skills identified in the table below.

The various initiatives and skills processes are underway, however, based on the findings of

the interviews, workers are faced with various problems in attaining the required skill level.

Findings of interviews with stakeholders at the respective Sector education and training

authorities about worker skills development to address technological changes brought about by

41R technological advancements and the new forms of jobs indicate the various dynamics and
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skills requirements at the various OEM and supplier company in terms of skilling, upskilling
and reskilling for the new forms of jobs, as well as organisational problems in implementing

the changes as noted in Table 4.5.

The findings from the relevant sector education and training authorities (SETAS) indicate that
there is no “blueprint” or ideal base level skills currently, as each sector is diverse and the
automotive industry is no exception. The SETAs do, however, implement training for
retrenched workers so that they may be reintegrated into other sectors of the economy. Further
input from this stakeholder indicates that further research and development in the automotive
sector is required to identify scarce and critical skills needed for the new forms of work and
the information technology skills (IT) for the operation of the new digital technology used,
especially in the automotive industry. Currently skills development programmes are underway,
but the major focus should be on institutions of higher learning and universities to provide such

needed skills and qualifications.

The current approach of the SETAs is that of a demand-driven approach in terms of relying on
OEMs and supplier companies to provide a workplace skills programme to facilitate training

needs which is largely lacking at the moment.

In the automotive industry, there is a need for skilling and reskilling, but the challenge is that
the culture of older workers and the educational capabilities to reskill is often a challenge as
most workers do not have the necessary computer skills to begin the reskilling process. In
addition, the time it takes to retrain a worker for the job they currently do has evolved and
therefore, it is a moving target, as described by training authorities. The findings also indicate
that what assists the process of training and skills development for workers in the automotive

industry in general, is the need for worker-initiated training.

This is encouraged because it is workers who are experts in their fields and who can identify
the necessary training programmes that will benefit their sectors in collaboration with trade
unions. Currently in the training authorities are various interventions about sector skills and
training, some of which include training along the supply chains included in the various skills
development strategies and workplace skills plan training (WSP) that include partnership with
all stakeholders, including government, business and labour in the development of training

programmes and therefore the increase in access to occupationally directed programmes.

This is what some of the input from stakeholders said,;
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the new occupational qualifications require some work experience for certification,
even though there might be some flexibility in the design of different qualifications,
there is no doubt that the system requires better and more systemic arrangements for
workplace-based learning in order for the programmes to inspire confidence among

employers and to improve employment outcomes for students

Table 4.6 illustrates identification of the scarce skills needed, according to the interviews with
training authorities and worker interviews in VWSA, BMW, as well as supplier companies,
Lear Corporation and Schnellecke. New and emerging skills requirements, such as financial
management and general management have emerged since workers have also identified a need
for more skilled jobs in management positions and hence have identified the following skills

to assist in bridging the current skills gap.

Table 4.6: Schedule of Skills requirements from the Sector education and training

authorities
Category Current & Future Skills Need Identified
Automotive Industry value chain Mechatronics
VW & BMW Electrical engineering
VW & BMW Engineering
VW & BMW Information technology (IT)
VW & BMW Financial Management
Schnellecke & Lear Coding
Schnellecke & Lear Data Science
Schnellecke & Lear Programming
Schnellecke & Lear Management Skills

Source: Author (2022)

Ultimately, workers’ job roles that remain after automation, only do so in theory as the majority
of tasks and roles that remain are automated (+- 90%) and workers are replaced by robotics.

Workers’ job roles after the implementation of robotics, are roles that are more supplementary

91



to the robotics rather than complete job roles as workers are only responsible for +- 10% of

their original job description.

In essence, the new technologies implemented at the various OEMs and supplier companies
might be making work easier, but they are also replacing the various job roles of manual work
as carried out traditionally by workers and new technologies are replacing existing workers

skills by the new and future skills requirements that current workers do not have.

The process of skilling taking place at the moment has various problems, as explained in the

individual companies’ findings.

In summary, the findings are based on workers’ experiences at the respective OEM and supplier
companies, as well as the stakeholder input from the sector education and training authorities.
This input shows that various problems exist for workers emanating from the implementation
of the new technological changes and these problems were described, including the changing
job roles that pose a huge challenge for the workers. These changes result in workers being
given supplementary roles to their original job description as a result of their job tasks being

90% automated.

The new forms of work that emerge, as well as the changing conditions of employment, are
also discussed. The current skills development landscape does not have sufficient mechanisms
in place that are automotive context specific to adequately remedy the challenge through
creating opportunities, as the current skills development frameworks, as well as the technical
qualifications used at the various sector education and skills development authority (SETAS)
for skills development, do not adequately address specific worker problems in the automotive
industry, as the current version of the skills development plans are broad-based and not
automotive context-specific. The findings of this research indicate that technological changes
are impacting workers and their jobs negatively, however, the strong need for updated skills

was also identified as part of the findings.

4.3 Chapter summary

This chapter returns to the research question and discusses the finding results extensively, i.e.,
how the new technology is impacting workers, detailing their problems as well as the changing
job roles at the OEMs and supplier companies with a large concentration of the problem being
as a result of new technology implemented in the form of robotics, as seen in the findings of

problems. Existing literature during the period of when this research study was conducted , did
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not address the automotive industry specific OEM’s or specific supplier companies, neither
were there any analysis made to the specific type of job changes impacting workers using the
new forms of technology. The next chapter of this study will focus on the contributions,
recommendations and the conclusion of the study.
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CHAPTER 5: CONTRIBUTIONS, RECOMMENDATIONS
AND CONCLUSIONS

5.1 Introduction

The previous chapter of this study analysed and presented the research findings of this study,
which included the impact of the fourth industrial revolution on job roles, various work changes
in the automotive industry and then more specifically, the technological changes in the OEMs
and supplier companies and lastly, the chapter presented the experiences of workers in these
various companies. This chapter then concludes the dissertation. The research aimed to show
the problems and prospects in the automotive industry and the future of jobs in the context of
the fourth industrial revolution. The rest of the chapter provides the summary of the study,
contributions of the study, as well as recommendations of the study and ultimately, the

conclusion of the study.

5.2 Summary of the study

The summary of this study in this chapter is based on five chapters which forms the basis of

the study. The researcher developed the five chapters as follows:

Chapter 1 contextualised the study by means of its research questions, the chapter then gave a
background to the research problem and the study rationale where it contextualised the South

African environment and the impacts of digitisation on workers in the automotive industry.

Chapter 2 contained the literature review of previous studies that was conducted in the context
of the fourth industrial revolution and the technological change’s impact on jobs. This chapter
literature, found that there is an impact of new technology on jobs due to technological
implementation, especially where there are a lack of skills to operate these new forms of

technology in the workplace.

Chapter 3 discussed the research methodology of the study including the research design,
research population, sampling types and size, the data gathering procedure by means of
interviews, the data analysis in terms of validity and reliability and lastly, the ethical
considerations and limitations of the study was detailed. The conclusion of the research
methodology used, is that it was appropriate for the purpose of this study as its methodology

assisted in achieving the objectives of the research study.
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Chapter 4 articulated the research findings and discussions of the research, which identifies the
problems workers experience in their job roles as a result of the implementation of the new
technology and robotics at the respective companies with various participants’ comments from
the interviews included. The study’s main findings indicated that as a result of new technology
implemented in the various companies, workers jobs are being changed and some jobs lost.
The reasons for these included the use of new technology and the lack of skills required for the

new (4IR) technology.

Chapter 5 discussed the conclusion, contributions and recommendation of the study.
Theoretical and empirical objectives of the study are addressed, as well as the gaps in prior
research and how this research study has addressed these gaps, that is, by prioritising workers
and their jobs, specifically in the automotive industry. The research continued to identify
various opportunities for workers in addressing challenges in the form of skills development
strategies and by the design of an inclusive model to manage the change process brought about
by the fourth industrial revolution. This model aims to assist the process of change in the

automotive industry.

The chapter also notes some of the limitations encountered in the study, which include workers
requesting to stay anonymous during interviews, due to the nature of the information that they
shared with regard to their work changes in their various roles. Therefore, no workers’ names
were disclosed in this study, hence it was considered a limitation, however, workers were
content to share information based on their job changes and experiences and requested that
their views find expression in this dissertation nonetheless, hence this research study took into
account all ethical practices in the process. In conclusion, this research study articulated best

practices and opportunities for workers in the South African automotive industry.

5.3 Contributions of the study

This section discusses the contributions and recommendations of this research study to the
theoretical body of knowledge and practical contributions to the subject matter. The

contributions and recommendations are discussed under the relevant headings.

Based on the findings of this research and the changes, the effects of which are being examined,
the following contributions and recommendations are articulated after factual information
obtained in the findings from this research, based on workers’ experiences and scientific data

from companies, such as employments data in the OEM and supplier companies, as well as the
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sector education and training authorities. This study also notes the changes before technological
changes to workers’ jobs and the after effects, as a result of the implementation of new
technology in the production processes within the various plants, noting the current and future

skill requirements for workers.

When examining previous research studies on the impact of new technology, what was largely
missing was that the prior research was broad-based and did not adequately address what the
specific worker problems are within specific major OEMs and supplier companies, as well as
identifying what the exact work changes are, as identified in this research findings, such as the
new job roles, etc., hence this research objective was to bridge that gap and also identify areas
of further research, such as a deeper dive into the skills development landscape as a tool in
bringing both current and future workforce in line with the necessary skills required for the
new world of work requirements, both in the automotive industry, as well as other sectors of
the economy, which is articulated in this discussion section of the research, based on areas of
further research.

The research undertook to bridge some of the gaps in previous research studies that explain
how technology causes work changes broadly, however, it did not address “worker-specific
problems,” specifically in the context of the automotive industry OEMs and supplier
companies. Hence, one of this research study objectives was to identify these worker-specific
problems in more detail and to recommend potential prospects for workers in the form of a
clear and inclusive suggestive participatory model for a “Just 4IR technological transition” that

takes into account elements of workers’ skills development as well.

With the automotive industry in transformation as a result of the disruptive changes and
developing technologies, the nature of the current automotive business model is transitioning,
concurrently moving towards the business term of a “circular car”, as OEMs aim to maximise
material efficiently. This strategy translates to zero waste and zero pollution during the
manufacturing process. Hence, industry is moving toward a circular economy approach, as well
as a ‘gig’ economy approach, changing the employment landscape. What this translates to for
workers and their jobs, is that, as we have seen in the findings of the research, workers are
affected by having less manual work available, as well as shift work and short time
experienced, primarily by the implementation of robotics in plants that replace manual work

originally carried out by workers. This means workers are employed on a ‘gig’ basis when
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there is work available, almost equivalent to a form of seasonal income, which is unsustainable

for workers from a socio-economic point of view.

The starting point for our evaluation was an assessment of how technological innovations and
robotics have intersected with workers and work organisations and the production of motor
vehicles in OEMs and supplier companies. The findings of the available evidence related to
the impact of technological innovation on workers sampled in the various OEM’s occupations,
jobs and skill needs and what emerged is the observation of central and recurring concern, that
workers have no control over policy-making and the technology that is introduced in the
automotive industry and specifically, in OEMs, i.e., OEMs have choices in terms of the manner
of implementation of technology and how fast technological processes and robotics are
implemented, however, with little input from workers. Workers are also facing unprecedented
problems in both their job titles, their job tasks and responsibilities. While the pace of change
can be confronting technological progress, it should not be something forced on workers, but
rather a process “with” workers’ collaboration, to harness the potential of new technology and
skills for good and with the possibility of minimising and transforming the harmful impacts of
technological implementation on jobs, that it creates opportunities rather than problems and

job losses, as we have seen in the findings.

In such instances, there is a rapidly evolving employment landscape and based on the findings,
there are elements of job displacement from heightened labour productivity (line speed) to the

widening skills gap and there are job creation opportunities in other sectors as well.

5.4 Recommendations of the Study

Based on the findings of the study, the study recommended the following interventions:

5.4.1 Inclusive model of transformation

For the smooth and equitable transition of workers into an automated working environment in
the advancement of the fourth industrial revolution implementation of technology in the
automotive industry, where workers are affected daily, both positively and negatively, an
inclusive model of transformation is required to manage the change process, hence a suitable
and mutually beneficial just and suitable model of transitioning of the automotive industry is
needed. Most importantly, the element of skilling, reskilling, recognition of prior learning, dual
skills and lifelong skills development is needed to maintain jobs in the automotive industry but
concurrently, to create jobs in other areas of the economy as well, hence workers replaced by
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automation, are skilled and retained in a form of employment whether it be in the same industry
or other industries that evolve as a result of the transformative nature of the current automotive

industry.

Transformation, in this case, the recognition of prior learning should be used to secure future
employment opportunities for workers, as well as skills allowing for job placement as the
industry transitions in meeting its future demand for electric vehicles where jobs in the
automotive industry will transition, based on the new skills demand required by the automotive
industry and its supplier companies along the value chain, but going further to use skills as part
of the lifelong learning concept to take job security to the next level by creating job
opportunities in other industries and sectors outside of the automotive industry. An example of
this would be job opportunities in the engineering of batteries throughout the manufacturing
lifecycle as well as opportunities in project management, supplier capability programmes and

localisation programmes that can empower even previously displaced workers.

5.4.2  Secured policy support for systemic change

The ability should be developed to have multi-faceted skills with dual use in all other sectors
of the economy, as the duality of skills equates to job suitability and advancement in career
paths. With this in mind, coupled with the elements of skills development, training and
equitable transformation of the industry, there should be secured policy support for systemic
change. As much as we are seeing changing job roles, based on the findings of this research,
we are also seeing the new and emerging roles as well as job categories and functions that are
expected to become important in the industry and what is largely lacking is the element of skills
duality. The opportunity exists with the move from combustion engines toward the production
of electric vehicles and jobs and skills in these emerging industries create opportunities for new
forms of employment and a greater chance of a decent and skilled occupation that has dual
uses. The training and development of new and existing workers are needed, especially in the
fields of information technology, engineering, mechatronics, coding, change management,
project management and various entrepreneurial skills for a sustainable and growth-led job
market, that includes the benefit of the optimum use of robotics for human development in
other areas of society, whether in a service industry or not, but with the opportunity of growth
in all areas, in the socio-economic context of the economy, all of which is identified and

articulated in the findings section of this research.
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5.4.3 Remedies and innovative strategies

Further, it is evident that there are required remedies and innovative strategies that are vital to
be put in place and fully implemented with a process of evaluation. It is important to note that
South Africa operates under the guidance of its current automotive masterplan (SAAM 2035).
The future global trends in the masterplan report by Barnes (2019), forecast an upward demand
trend to 2035; this shows that there is an upward positive trend. This is indicative that the
automotive industry is and will be sustainable in the near future and therefore, the investment
in the improvement of conditions both for workers and on a policy level, is vital. There are
current policy interventions in place and this is located within the policy fora of the automotive
masterplan (SAAM 2035), specifically the “key industry development objectives by 2035” and
the objectives relating to doubling employment in the automotive value chain, as well as the
emphasis placed on the implementation of the six pillars of the automotive masterplan, with
particular areas relating to pillar five of “Transformation” that entails transforming the current
trajectory of the automotive industry to have more inclusiveness in the policy by allowing
principles of broad-based black economic empowerment (BBBEE) to be central to the
transformation process. It is projected that this employee group will be representative of the
South African demographic profile (in terms of, gender, race, and physical abilities), being
present across the complete range of the automotive industry categories. In the 6™ pillar of the
automotive masterplan “Technology and associated skills development”, currently, on writing
this report, what is lacking and is a critical outstanding activity encapsulated in the South
African masterplan objectives (SAAM 2035), is the development of a technology and
associated skills development roadmap to support the evolution of the industry in line with
SAAM 2035 elements, as the new electric vehicle market using new technology (EEV), must
allow workers to be brought on board with these developments, hence allowing workers to
prepare and to respond to the emerging technology, as it is clear in the masterplan that there
will be emerging technology with both active and passive technology that will feature in these
technological developments and workers will have to be realigned through capacitating
workers in skilling, reskilling and lifelong learning, as well as for the recognition of prior

leaning in the technological evolution.

5.4.4 Revised technological transitional model

Hence, there is a need for a new revised technological transitional model that is suggested in

this study, based on the findings of the research. The OEMs, as employers of the workers, do
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recognise come core labour standards, such as those contained in the various global framework
agreements and works councils, however further improvement and collaborative interventions
of strategies exist, such as skills development. What remains vague in the journey through
technological changes is the current workplace skills plan in adequately allowing for plans to
transition workers with the aim of job sustainability. Further, it is unclear about the new career
paths emerging and the kinds of skills that will be required; also, the level of participatory
approach that is required from all stakeholders is currently inadequate, due to the power
dynamics at play between employers and employees. Therefore, establishing a clear set of
strengths, weaknesses, opportunities, and threats is what is needed for better transitions into

new technology, also identified as some of the areas of further research.

In terms of gaining a clearer insight on what are some of the worker organisational problems
being experienced with the implementation of 4IR technologies at the respective OEMs and
supplier companies that are affecting workers' conditions of employment, we have seen in the
various figures presented in the findings section of this research, that shows the job roles of
workers before the implementation of technology at their plants and the impacts after the new
technology implementation, takes into account the level of new skill requirements and job
changes moving from one job role to another. Hence, in line with one of these research

objectives of identifying various organisational problems, these are described.

5.4.5 Skills development and training systems

The current skills level in the assembly line of the automotive industry and the OEM and
supplier companies in this study consists of skilled, semi-skilled and general/unskilled workers.
Further, the work reorganisation of operators, welders and general workers to the assembly line
creates a challenge of under-utilisation of skills with the OEMs having a blanket approach to
placing workers in the assembly line regardless of their existing skill level. Skills development
and training systems and mechanisms must be put in place that will be reactive to the current
and emerging needs of the labour market as a result of the transitioning nature of work by

increasing workers’ capabilities and level of skills for decent work and job suitability.

Using existing tools and interventions contained in the national skills development legislation
and the South African automotive masterplan pillars in terms of skills development, should
recognise prior skills of operators, welders, toolmakers, technicians and other general work and
capacitate such workers in customised training programmes to train as electric vehicles (EVS)

specialists as the trend and increasing future demand in the automotive industry is towards the
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manufacture of electric vehicles. This would ensure the use of existing skills of workers,
without having to retrench workers due to a skills deficit but rather use the existing skills as a
base line education and further build on those skills to a level suitable and academically
recognised in terms of the education qualification authorities’ standards. These interventions
will allow for job retention, expansion, as well as growth and sustainability both for the OEMs
and supplier companies, all envisaged in the skills development plans of the relevant SETAs

and the pillars in the automotive masterplan.

5.4.6 Worker inclusion in the design and implementation of equipment

To harness the complete benefits of technological advances and productivity growth, this can
only be done effectively by collaboration efforts, as well as a high level of social dialogue for
an equitable and successful transition that benefits all stakeholders, both workers and
employers alike. This includes worker inclusion in the design and implementation of
equipment, as well as work re-organisation and skills development strategies before its
implementation process, hence allowing workers to be part of the process in identifying various
bottlenecks before implementation and a cost-saving measure for both employers and
employee in the automotive industry. For the workers, it allows for a well-planned work
schedule with no stoppage or wastage, as well as a cost-saving and profitability strategy for the
employers as this will entail continuous vehicle production and supply with minimum to no
interruption in the process at the respective companies in OEMs and supplier companies, all
equated to increased productivity with positive domino effects along the value chain with the

added benefit of job satisfaction and the retention for workers.

The following opportunities were identified, based on findings, to allow for a pro-worker

technological transition.
e Companies’ involvement in training academies situated on-site (VW & BMW)
e Need for skilling and reskilling in other sectors
¢ Rework of the workplace skills plan
e Rework of the automotive sector skills plan
e Address the existing and the anticipated future skills gap

e Upskilling, reskilling, and lifelong learning
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e Recognition of prior learning

e Qualification accreditation

e New career paths

e Al and machine learning programmes

e Using assistance systems for improved working conditions and addressing health and

safety problems

e Training programmes to capacitate and train electric vehicles (EV’s) specialists

5.4.7 A Suggested Worker Inclusion Skills Development Model and pathway

As we have observed the limiting barrier to technological transition and the majority challenge
for workers, is that it is essential that skilling, reskilling up-skilling, as well as lifelong learning
be embedded in the transitional plans of OEMs and supplier companies, as well as a unified
participatory approach in the implementation of strategies and technological changes, to ensure
a just technological transition with sustainability when responding to these changes, often

termed as a digital disruption.

The skills development model, as suggested, includes a combination of existing model
information but includes addressing gaps in the current skills development pathway. This
model is based primarily on the premise of worker inclusion in the planning, design, and
implementation of these strategies with combined and inclusive stakeholder engagement on an

ongoing basis with an element of monitoring and evaluation of the entire process.
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Suggested Inclusive Model for a “Just 4IR technological Transition™
Technological Changes in the Automotive Industry
= SHILLS DEVELOFMENT
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Figure 5.1: Suggested Inclusive Model for a” “Just 4IR technological transition”
Source: Author (2021)

It is clear that transformation in the automotive industry is happening at an accelerated pace,
workers can therefore not stop the automation and robotics implementation process but rather
should become instrumental in the way the transformation process takes place. This includes
training academies in the various plants, training workers using up-to-date technology that is
used in the production lines of manufacturing vehicles, together with the skill set of
mechatronics and engineering as a base line skill that is accredited, to allow workers to use
these skills in other sectors of the economy as well, which allows for workers to sustain their

employability.

Workers are those impacted the most in terms of being directly affected by robotics, especially
in the OEMs and supplier companies. The opportunities that exist, are to harness skills and
development to accommodate the transition from combustion engines to electric vehicles. This
can be done by an assessment of where the automotive industry currently is and where it is
headed, based on our current capabilities as a country, as well as infrastructurally, coupled with
the current skill set of workers in the automotive industry, to establish a strategic skills ready
pathway for workers that will have dual benefits on a socio-economic level. Hence, one of the
core elements in the suggested model above is skilling, reskilling and upskilling. What this

entails is identifying gaps in the current workers’ skills level and filling these gaps by training
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workers for the new forms of work in the industry, for example, for the development and
manufacture of batteries as a new form of energy and a core component in the manufacture of
the new electric vehicle to meet the demand in the automotive industry but to also create
opportunities for workers to use their existing industry knowledge, allowing them to be
retrained for other skills and job roles within the industry or in other areas of the economy.
Having base line skills allows a worker to be accredited in a particular qualification, which
then allows them to become multi-skilled and highly employable, staying economically active
and maintaining a form of employment in the future demand of the world of work in the fourth

and other revolutions to come.

Another element in the model and most importantly, is the inclusion of workers in the design
of the change processes before strategies are implemented by employers. This allows for the
input of workers and their inclusion in the design and decision-making process that can assist
in having a successful, practically implementable model, as all stakeholders are involved in the
process. Incorporating the element of change management before the transformation takes
place in the workplace is important in getting workers to understand the change, manage the
change and most importantly, be part of the change. It is having a proactive rather than reactive
approach to new technology within the automotive industry when workers understand the
growth pathway and benefits for all stakeholders in reaching productivity standards where

workers are incentivised and are part of the change management process.

By OEMs and supplier companies implementing Employee Share Ownership Plans (ESOPs)
in their respective company structures and global framework agreements, this will allow
workers to further be directly involved in the success of the company as they are now
shareholders of the company and have a stake in the profit sharing ratio of the companies,
aligning employees with the business owner’s interests even if, through the process of training
workers to become local suppliers of components to the automotive industry, such as the black
supplier programmes already being implemented in the Automotive Supply Chain
Competitiveness Initiative (Ascci) platforms contained in the automotive masterplan

transformation pillar policy document.

5.4.8 The South African Automotive Masterplan as a Policy instrument for change

By using the element of existing policy in the automotive industry, that is, the automotive
masterplan (SAAM 2035) policy document and implementing the various pillars of skills
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development and transformation, initiatives, such as local market optimisation to full capacity,

this can harness worker opportunities within the automotive industry.

The use of the SAAM 2035 eight focus areas consisting of Local market optimisation (to 1.2m
units), Regional Market Development (to over 1m units), Localisation (to 60% local content),
Infrastructure development (to leading international competitor standards), Industry
transformation (in identified areas of opportunity), Technology and associated skills
development (focusing on future industry needs), one can identify opportunities in all of these

pillars that will assist workers and the industry at large.

Ultimately, after taking into consideration the research question, objectives and literature, as
well as the findings of this research, there is a need for further research to be conducted in the
areas of skills development, specifically at institutions of higher learning, workers’ readiness
programmes, as well as opportunities in identifying the new forms of work that can emerge to
empower workers to move into different parts of the manufacturing sector and the broader
economic sectors, based on the various upgraded skills that are technologically ready for this
revolution and the next. Further research is also required as it is unclear on the new career
paths emerging and the kinds of skills that will be required, also the level of participatory
approach that is required from all stakeholders is not currently adequate. Therefore, a further
area of research identified is to establish a clear set of strengths, weaknesses, opportunities, and
threats in what is needed for equitable transitions for the implementation of new technology in

the automotive industry.

In summarising the discussion and recommendations obtained from the study, corresponding
recommendations obtained are clearly articulated and explained in addressing issues, such as
workers’ inclusion, the skills gap, and a suggested model for transformation. Lastly, the areas
of further research were explained, based on the findings, with skills development as an
opportunity taking centre stage for workers to remain economically active and sustain and

create jobs in various sectors of the economy.

5.4.8.1 Practical implications

The evolving landscape of employment presents numerous prospects for the advancement of
career counselling practices. With the rapid pace at which occupations are evolving, individuals
are increasingly faced with the need to acquaint themselves with unfamiliar job roles and

industries that may present novel employment prospects and career trajectories. Career
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professionals have the potential to assume a progressively significant role in assisting
individuals in comprehending these transformations and acquiring, assessing, and
implementing career-related information to facilitate their career decision-making and career
planning endeavours. Furthermore, individuals can seek guidance from career experts to
effectively navigate the ever-evolving nature of their present occupations and enhance their
employability by engaging in on-going education and skill development. Career counsellors
play a crucial role in aiding clients in the identification of their learning and training
requirements. Additionally, they provide valuable support in locating and effectively
completing relevant educational programmes and training. This includes leveraging the

growing availability of online resources in this domain.

To provide such assistance, counsellors and career centres can employ innovative methods to
expand their reach to previously untapped clientele by implementing online support services.
The recognition of the potential of computer-assisted assessment via the Internet (Tracey,
2010), virtual counselling centres (Horan, 2010), and web-based self-help and interventions
(Gati & Asulin-Peretz, 2011) has been acknowledged for a considerable period. However,
Whiston, Li, Goodrich Mitts, and Wright (2017) found that among the intervention studies
conducted in the past two decades, only four out of 57 interventions were found to be computer-
guided. Practitioners are encouraged to perceive this as an imperative to proactively cultivate
and incorporate online- and computer-assisted career interventions into their professional
endeavours, while also collaborating with researchers to assess the efficacy of these

methodologies.

The utilisation of computer-assisted interventions holds promise in expanding the scope and
inclusivity of individuals who can benefit from these services. This is particularly relevant in
light of the ongoing digitisation and automation of work, which presents problems to traditional
career support methods. However, it is important to note that these individuals are typically not
reached by conventional career support approaches (Nota, Santilli, & Soresi, 2016). Digital
career support can be provided through various means, such as online self-assessment tools,
the dissemination of career information via video or virtual reality platforms, and the provision

of online counselling services through video-based platforms.

Nevertheless, there exists a significant opportunity to develop online career guidance systems
that leverage the advances in artificial intelligence and the growing abundance of data about
individuals' professional trajectories. These systems have the potential to provide a
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personalised assessment of an individual's career concerns through the use of customised,
automated interview questions and assessments. Subsequently, they can offer tailored

recommendations for activities that facilitate self-directed career management.

5.4.8.2 Implications — Research and practice

In light of the imminent transformative shifts in the realm of employment, career research must
encompass a range of pivotal concerns. Drawing on the theoretical frameworks of (PWT)
(Blustein, 2006; Duffy et al., 2016) and the career construction and life design perspectives
(Savickas, 2013; Savickas et al., 2009), an initial area of inquiry for future scholarly
investigation involves exploring how individuals can attain intangible advantages from
employment within a digitised economic context. These intangible benefits encompass
elements, such as, social interconnectedness, a sense of meaning and direction, and a feeling
of proficiency. The conventional understanding of a professional identity centred on a
relatively consistent occupation and its corresponding responsibilities will require re-
evaluation for numerous individuals. The aforementioned phenomenon will be particularly
evident among individuals who are compelled to transition from their original occupation to
engage in relatively unrelated and routine duties as a result of the growing trend of job
polarisation. For certain individuals, the allocation of time may no longer be predominantly
dedicated to work, but rather, work may constitute merely one facet among various spheres of

engagement.

Furthermore, it is anticipated that there will be a growing integration between professional and
personal spheres. The analysis of these matters could be influenced by the protean career
model, which emphasises a comprehensive view of career management (DiRenzo, Greenhaus,
& Weer, 2015). Additionally, the career construction and life design approaches, which
concentrate on the integration of various identities into a significant personal narrative, can
also provide valuable insights (Savickas et al., 2009). One aspect to consider pertains to the
inquiry of how individuals can effectively navigate the boundaries between their professional
and personal spheres in situations where these domains are no longer physically segregated as
a result of the heightened adoption of telework (Diaz, Chiaburu, Zimmerman, & Boswell,
2012). An essential matter to investigate pertains to the process by which individuals develop
professional identities in connection with their non-work roles, as well as how they incorporate
these non-work roles into their career decisions and career development strategies (Greenhaus

& Kossek, 2014). Researchers can investigate the potential changes in the subjective
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significance of work in light of these circumstances, as well as the impact of emerging

vocational identities on career commitment, job satisfaction, and overall well-being.

Drawing upon the theoretical foundations of the social cognitive model of career self-
management proposed by Lent and Brown (2013), as well as the protean and boundary-less
career frameworks outlined by Arthur (2014) and Hall (2004) respectively, an additional
significant concern to be examined pertains to the requisite career behaviours, attitudes, and
potentially novel career competencies that individuals must possess to flourish within the
contemporary economic landscape. Lent and Brown (2013) provide a comprehensive
examination of adaptive career behaviours that hold significance across various career stages,
such as the cultivation of work readiness and employability skills during the exploratory phase
in adolescence. Given the historical and present economic conditions, it is anticipated that these

behaviours will persist as significant factors in the future.

However, it is also probable that the evolving economic landscape will necessitate the adoption
of novel behaviours, attitudes, and competencies. In contemporary times, the ability to obtain
employment opportunities from diverse employers through the utilisation of digital
matchmaking platforms has become notably significant. It is important for individuals to
effectively showcase their abilities and establish a commendable online reputation that reflects

the superior calibre and dependability of their work on such platforms.

Furthermore, the necessity to continuously and expeditiously develop and enhance one's
professional competencies through the utilisation of digitised resources such as online training
programmes, online courses, and online communities, alongside the establishment, sustenance,
and utilisation of digital networks with fellow professionals and prospective employers,
appears to be progressively paramount. Potential areas for future investigation could
encompass an exploration of the novel career behaviours, attitudes, and competencies that hold
significance in attaining success within the emerging economy. Additionally, it would be
valuable to ascertain the individuals who are more or less inclined to demonstrate and cultivate

these attributes under specific circumstances.

The utilisation of SCCT can offer valuable frameworks for addressing the problems associated
with emerging career tasks that individuals must navigate, as well as identifying the essential
personal and environmental resources required to effectively manage these tasks. One
prominent professional obligation for individuals is the perpetual need to adapt to and

effectively collaborate with rapidly evolving technological advancements. The acquisition of
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career-relevant experiences and skills has traditionally been recognised as a significant factor
in the early stages of one's career and during the exploration phase of one's career (Super,
1990). However, due to the continuous changes in the economy, individuals at various stages
of their careers and lives will be compelled to enhance their skills and knowledge. Obtaining
and successfully juggling multiple jobs from multiple employers at any given time in one's
career, such as by providing services or completing tasks and projects via multiple digital
platforms, is another emerging career task for many people across all career stages. To attain
favourable levels of job security and income, it will be increasingly important to implement

such work arrangements.

One primary obstacle in career research is the identification of key career tasks that individuals
are increasingly encountering. Further, research must ascertain the effective strategies that
individuals can employ to effectively manage these tasks. An essential aspect to consider is the
comprehensive analysis of various individual factors, such as knowledge, motivation, and
traits, as well as environmental factors, such as social support and organisational support, about
career resources. This examination is crucial in understanding how these resources, as
discussed by Hirschi (2012), can effectively aid individuals in navigating and overcoming

career-related obstacles.

One potential recommendation for future research is to leverage the expanding array of data
sources and methodologies resulting from growing digitisation, which could enhance the
investigation of emerging research inquiries. One illustrative instance involves the utilisation
of social network platforms like LinkedIn, which present an extensive array of data on
educational backgrounds and professional trajectories of individuals across the globe. These
datasets can be subjected to analysis to extract novel understandings regarding career patterns,
specifically the sequential progression of employment and educational experiences that

commonly culminate in specific positions (Biemann, Fasang, & Grunow, 2011).

In addition, organisations are employing tools, like Cornerstone, to gather and oversee
escalating volumes of digital data on various facets of employee conduct and productivity. This
includes assessment outcomes, fulfilled job tasks, training activities, and professional
background. This data has the potential to offer novel perspectives on factors that influence
career success, workplace well-being, and diverse career paths. Researchers also have the
option of forming partnerships with platforms that provide on-demand work to investigate the

working conditions of workers who are employed in the ‘gig’ economy. This can be done by
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combining the data collected from these platforms with additional survey questions. The
extensive adoption of smartphones and smartwatches has facilitated the acquisition of real-time
data by researchers, encompassing visual and auditory recordings, as well as physiological
measurements. Research utilising these technologies has the potential to provide novel insights
into the daily behaviours and experiences of individuals employed in various work

arrangements (llies, Liu, Liu, & Zheng, 2017).

5.5 Conclusion

This chapter brings the research study to conclusion. To realise the goal of the study, the
following theoretical and empirical objectives were addressed. The study contributed to the
identification of gaps in prior research that have not adequately covered the impact of
technology in the context of workers' jobs, specifically in the automotive industry and this
study addressed this gap by interviewing workers in the automotive industry in specific OEMs
and supplier companies and getting specific worker input on their problems being experienced
with the new technology introduced at the various production plants as a result of the fourth
industrial revolution implementation of new technologies. These results saw how the
technology impacted workers’ daily tasks and operations, income, workers' health and safety,
as well as the overall impact of loss of jobs, as a result of workers being replaced by robotics
to replace previous manual tasks and workers not replaced to maintain workflow, as a result of
natural attrition. We have further seen how the use of industrial robots has increased, which is
a clear indication that the automotive industry is one of the major industries that is highly

automated and will continue to automate production processes in the future.

In further reaching the research objectives of this study, the research proceeded to identify
opportunities for workers that were not already covered in the existing body of literature; this
included identifying opportunities for workers in the production process, such as upskilling and
reskilling, amongst others, as well the design of an inclusive model of transformation to
manage the change process more adequately, further creating an environment of job creation,
both in the current automotive sector in different job roles, as well as opportunities in other

sectors of the economy, using skills development as a lever for equitable transformation.

Ultimately, the research paper as part of the recommendations, articulated best practices and
opportunities for workers’ problems and the automotive industry, using a suggested
transformative and inclusive skills development model that includes the incorporation of

objectives set out in the automotive masterplan 2030 by including the elements in the suggested
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model such as skills development, worker inclusion in the design process of technology, change
management, using policy interventions, such as the SAAM 2035, as well as ESOPS. All of
these interventions allow workers to become shareholders in companies and therefore better

enablers of change in the transformation process.

In conclusion, we have seen that various opportunities and problems exist within the
automotive industry in implementing technological changes as a result of the fourth industry
revolution interventions, however, we have also noted and identified mechanisms to manage
the change process for workers, as articulated in the suggested transformative model for
workers in figure 5.1. This ensures the success of all stakeholders but most pertinent is that
workers are not displaced or left behind in this fourth industrial revolution and future
revolutions, by adopting a human-centred approach that takes into account technological
impacts on workers and creates both manual and digital opportunities for workers in all sectors
of the economy. This knowledge and suggested model for best practice will assist workers and
employers as they offer possible solutions for workers’ job sustainability and opportunities that
can be used in other sectors of the economy and reduce the current unemployment level in
South Africa.

111



REFERENCES

Accenture. 2022. The automotive experience reimagined. [Online]. Available at:
https://www.accenture.com/_acnmedia/PDF-161/Accenture-Automotive-Experience-
Reimagined-Full-Report.pdf [Accessed 26 August 2022].

Alexander, R. 2022. Key opportunities and challenges for 4IR in South Africa.

Allen, R.C., 2009. The industrial revolution in miniature: The spinning jenny in Britain, France,
and India. The Journal of Economic History, 69(4), pp.901-927.

Arntz, M., Gregory, T. & Zierahn, U. 2017. Reuvisiting the Risk of Automation. Economics
Letters, 159: 157-60.

ASQ. 2020. Data Collection and Analysis Tools. [Online]. Available at:

https://asg.org/quality-resources/data-collection-analysis-tools [Accessed 26 August 2022].

Athanasopoulou, A., Bowman, H., Nikayin, F. and de Reuver, M., 2016. The disruptive
impact of digitalization on the automotive ecosystem: a research agenda on business models,

platforms and consumer issues.

Athanasopoulou, A., de Reuver, M., Nikou, S. and Bouwman, H., 2019. What technology
enabled services impact business models in the automotive industry? An exploratory study.
Futures, 109: 73-83.

Autor, D.H., 2015. Why are there still so many jobs? The history and future of workplace
automation. Journal of economic perspectives, 29(3):3-30.

Babbie, E. 2001. The Practice of Social Research. 9th ed. Belmont: Wadsworth Thomson.

Barnes, J. and Morris, M., 2008. Staying alive in the global automotive industry: what can
developing economies learn from South Africa about linking into global automotive value

chains? The European journal of development research, 20:31-55.

Barnes, J., Black, A., Comrie, D. and Hartogh, T. 2018. Geared for Growth: South Africa’s
automotive industry masterplan to 2035—A report of the South African Automotive Masterplan

Project. Department of Trade and Industry. Pretoria: Government Printer.

Bartholdi, J.J. and Hackman, S.T., 2008. Warehouse & Distribution Science: Release 0.89 (p.
13). Atlanta: Supply Chain and Logistics Institute.

112


https://protect.checkpoint.com/v2/___https:/www.accenture.com/_acnmedia/PDF-161/Accenture-Automotive-Experience-Reimagined-Full-Report.pdf___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2OjdkZTM6NWY3YjJhMGZlYzUyMzA5YzJlNTMyZDM4ZWExNmIwZDUzNzBlOWU2OGM0NWQ0N2E1YmFiMGY0MjYwMzUzNGVhOTpwOlQ
https://protect.checkpoint.com/v2/___https:/www.accenture.com/_acnmedia/PDF-161/Accenture-Automotive-Experience-Reimagined-Full-Report.pdf___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2OjdkZTM6NWY3YjJhMGZlYzUyMzA5YzJlNTMyZDM4ZWExNmIwZDUzNzBlOWU2OGM0NWQ0N2E1YmFiMGY0MjYwMzUzNGVhOTpwOlQ
https://protect.checkpoint.com/v2/___https:/asq.org/quality-resources/data-collection-analysis-tools___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2OjZmYTI6NWI5NDFjN2NiOWVjYjg4NjMwZDQ0MjJlNDcyMmFiZjBiMzA5ZmU2NzE5NzM2Nzk1MDg2N2JiNmFjMjc5M2Y1YjpwOlQ

Bayode, A., van der Poll, J.A. and Ramphal, R.R., 2019, November. 4th industrial revolution:
Problems and opportunities in the South African context. In Proceedings of the 17th
Johannesburg International Conference on Science, Engineering, Technology & Waste
Management, Johannesburg, South Africa (pp. 18-19).

Berlin, C. and Adams, C., 2017. Production ergonomics: Designing work systems to support

optimal human performance. S.1.: Ubiquity press.

Bhorat, H. and Rooney, C., 2017. State of manufacturing in South Africa. Cape Town:

Development Policy Research Unit, University of Cape Town.

Bhorat, H., A. Ewinyu, K. Lilenstein, C. Rooney, F. Steenkamp and A. Thornton. 2019.
Economic complexity and employment expansion: The case of South Africa. Development
Policy Research Unit Working Paper 201905. DPRU. Cape Town: University of Cape Town.

BMW. 2020. Financial Statements of BMW AG. [Online]. Available at:
https://www.bmwgroup.com/content/dam/grpw/websites/bmwgroup _com/ir/downloads/en/20
21/bericht/Financial-Statements-of-BMW-AG_2020.pdf [Accessed 26 August 2022].

BMW. 2021. BMW Embraces Automation, Exoskeletons. [Online]. Available at:
https://www.bmw.co.za/ [Accessed 26 August 2022].

Bolarinwa, O.A. 2015. Principles and methods of validity and reliability testing of
questionnaires used in social and health science research. Nigerian Postgraduate Medical
Journal, 22(4): 195-201.

Bolarinwa, O.A. 2020. Sample size estimation for health and social science researchers: The
principles and considerations for different study designs. Nigerian Postgraduate Medical
Journal, 27(2): 67-75.

Bollard, A., Larrea, E., Singla, A. and Sood, R., 2017. The next-generation operating model
for the digital world. Digital McKinsey, pp.1-8.

Bolli, T. and Pusterla, F., 2022. Decomposing the effects of digitalization on workers’ job

satisfaction. International Review of Economics, 69(2):263-300.

Bormann, R., Fink, P. & Holzapfel, H. 2018. The future of the German automotive industry.
Shanghai: Friedrich-Ebert-Stiftung.

113


https://protect.checkpoint.com/v2/___https:/www.bmwgroup.com/content/dam/grpw/websites/bmwgroup_com/ir/downloads/en/2021/bericht/Financial-Statements-of-BMW-AG_2020.pdf___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2OmQ3ZDM6YTVmNWI0NjM3MjNjNzIyNGZjN2Y1YTc1MTExNWM2ODYxM2FlNDBkMzA0YjRiNTliNjcxNjViMGY2ZGMwNzhjMTpwOlQ
https://protect.checkpoint.com/v2/___https:/www.bmwgroup.com/content/dam/grpw/websites/bmwgroup_com/ir/downloads/en/2021/bericht/Financial-Statements-of-BMW-AG_2020.pdf___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2OmQ3ZDM6YTVmNWI0NjM3MjNjNzIyNGZjN2Y1YTc1MTExNWM2ODYxM2FlNDBkMzA0YjRiNTliNjcxNjViMGY2ZGMwNzhjMTpwOlQ
https://protect.checkpoint.com/v2/___https:/www.bmw.co.za/___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2OmQyNjk6MzUyMjgwYWJhNWYwODgyMzUwMWRlZTdiNTA3OGY2ODkzODcyMzk2NTU1MzNiYzFjNjFhODE3NWUwNjIyYmU0ZDpwOlQ

Bormann, R., Fink, P., Holzapfel, H., Rammler, S., Sauter-Servaes, T., Tiemann, H.,
Waschke, T. and Weirauch, B., 2018. The future of the German automotive industry.
Friedrich-Ebert-Stiftung Shanghai Representative Office.

Brown, S.D. and Lent, R.W. eds., 2004. Career development and counseling: Putting theory
and research to work. John Wiley & Sons, p.101

Brynjolfsson, E. and McAfee, A., 2011. How the digital revolution is accelerating innovation,
driving productivity and irreversibly transforming employment and the economy. Digital

Frontier Press.

Bughin, J., Hazan, E., Lund, S., Dahlstrom, P., Wiesinger, A. and Subramaniam, A., 2018.
Skill shift: Automation and the future of the workforce. McKinsey Global Institute, 1:3-84.

Caridade, R., Pereira, T., Ferreira, L.P. and Silva, F.J.G., 2017. Analysis and optimisation of

a logistic warehouse in the automotive industry. Procedia Manufacturing, 13:1096-1103.

Carlier, M. 2021. Global number of BMW Group employees from FY 2006 to FY 2021.
Statista, 22 March. [Online] Available at: https://www.statista.com/statistics/264343/global-

number-of-employees-of-bmw-group/ [Accessed 26 August 2022].

Cassia, F. and Ferrazzi, M., 2018. The economics of cars (pp. 1-119). Newcastle upon Tyne:

Agenda publishing.

Cassioli, G. 2015. Lear Corporation Case Studies. [Online]. Available at:
https://diamondphoenix.co.uk/wp-content/uploads/2020/10/scheda cassioli learl.pdf
[Accessed 26 August 2022].

Chesters, J., 2014. Learning to adapt: does returning to education improve labour market

outcomes? International Journal ofLifelong Education, 33(6), 755-769.

Chigbu, B.1. and Nekhwevha, F.H., 2022. The extent of job automation in the automobile
sector in South Africa. Economic and Industrial Democracy, 43(2):726-747.

Chui, M., Manyika, J. and Miremadi, M., 2015. Four fundamentals of workplace
automation. McKinsey Quarterly, 29(3), pp.1-9.

Chui, M., Manyika, J. and Miremadi, M., 2016. Where machines could replace humans-and

where they can’t (yet).

114


https://protect.checkpoint.com/v2/___https:/www.statista.com/statistics/264343/global-number-of-employees-of-bmw-group/___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2OjExMzI6NTBlNTRmNGVkZTI4MjExZTllYTYyYTg3OTNmOTNkZDI2NjdhY2EwNzEzYjhiNzljMDI2N2QzZjNiMTJjNGJmYTpwOlQ
https://protect.checkpoint.com/v2/___https:/www.statista.com/statistics/264343/global-number-of-employees-of-bmw-group/___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2OjExMzI6NTBlNTRmNGVkZTI4MjExZTllYTYyYTg3OTNmOTNkZDI2NjdhY2EwNzEzYjhiNzljMDI2N2QzZjNiMTJjNGJmYTpwOlQ
https://protect.checkpoint.com/v2/___https:/diamondphoenix.co.uk/wp-content/uploads/2020/10/scheda_cassioli_lear1.pdf___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2OmM3MDE6YmY1MWI2ZDRjMDA5YjkyYzI2ZmNlYWY2MWNlZGI4ODljZTQ5ODRiYTJlOWIyNTE2YjQ3OTBmM2EzYmZjNGIxODpwOlQ

Ciarli, T., Kenney, M., Massini, S. and Piscitello, L., 2021. Digital technologies, innovation,

and skills: Emerging trajectories and challenges. Research Policy, 50(7): 104289.

Cijan, A., Jeni¢, L., Lamovsek, A. and Stemberger, J., 2019. How digitalization changes the

workplace. Dynamic relationships management journal, 8(1): 3-12.

Creswell, JW. 2009. Research Design. Qualitative, Quantitative and Mixed Method
Approaches. Los Angeles, CA: Sage Publications.

Comacchio, A., Volpato, G. and Camuffo, A. eds., 2012. Automation in automotive industries:
Recent developments. Routledge.

Curran, V., Gustafson, D.L., Simmons, K., Lannon, H., Wang, C., Garmsiri, M., Fleet, L. and
Wetsch, L., 2019. Adult learners’ perceptions of self-directed learning and digital technology
usage in continuing professional education: An update for the digital age. Journal of Adult
and Continuing Education, 25(1): 74-93.

Deloitte. 2018. Deloitte skills gap and future of work in manufacturing study. [Online].
Available at: https://www?2.deloitte.com/content/dam/insights/us/articles/4736 2018-Deloitte-

skills-gap-FoW-manufacturing/D1 2018-Deloitte-skills-gap-FoW-manufacturing-study.pdf
[Accessed 26 August 2022].

Duddy, S. 2018. Multi-level at Lear. HSS Magazine, 10 January. [Online]. Available at:
https://www.hsssearch.co.uk/page 924142.asp [Accessed 26 August 2022].

Economic Times. 2020. What is 'Random Sampling’. [Online] Available at:
https://economictimes.indiatimes.com/definition/random-sampling ~ [Accessed 26 August
2022].

Elmusharaf, K. 2012. Qualitative Sampling Techniques. Paper presented at Training Course

in Sexual and Reporductive Health Research. https://www.gfmer.ch/SRH-Course-

2015/research-methodology/pdf/Qualitative-sampling-technigues-Elmusharaf-2015.pdf
[Accessed 26 August 2022].

Emanuilov, I. and Yordanova, K., 2022. Business and human rights in Industry 4.0: A blueprint
for collaborative human rights due diligence in the Factories of the Future. Journal of
Responsible Technology, 10:100028.

115


https://protect.checkpoint.com/v2/___https:/www2.deloitte.com/content/dam/insights/us/articles/4736_2018-Deloitte-skills-gap-FoW-manufacturing/DI_2018-Deloitte-skills-gap-FoW-manufacturing-study.pdf___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2OmU5YmU6OThhNTMzNDBmOTJkZWMxZGQ4MDg3MWZkYTc3ZjAzMmMxMDU3NGFmN2Y3NjkzNjE1ZGNjOTU1ZmNlYzNkZTU5NTpwOlQ
https://protect.checkpoint.com/v2/___https:/www2.deloitte.com/content/dam/insights/us/articles/4736_2018-Deloitte-skills-gap-FoW-manufacturing/DI_2018-Deloitte-skills-gap-FoW-manufacturing-study.pdf___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2OmU5YmU6OThhNTMzNDBmOTJkZWMxZGQ4MDg3MWZkYTc3ZjAzMmMxMDU3NGFmN2Y3NjkzNjE1ZGNjOTU1ZmNlYzNkZTU5NTpwOlQ
https://protect.checkpoint.com/v2/___https:/www.hsssearch.co.uk/page_924142.asp___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2OmYxODI6ZjIwYzdhNTU4ZjRiMDI0MTZhMGM5MTYyZDE2MGU5NzgzNTBlNzEwYTZiMTFjNDY3ZWY4NzhkZTZiMzI1MmY3YTpwOlQ
https://protect.checkpoint.com/v2/___https:/economictimes.indiatimes.com/definition/random-sampling___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2OmU0ZjA6Mjc0Y2M4M2RjNWZiMjlmNTQwY2IzOWEzODFlNWU0NjFjYmI0NjJlNmNiZjE4ZTA5MDI2NDRjMDgwYWRlMzc1YzpwOlQ
file:///C:/Tutoring%20Network/2022/Melany%20Roy/Elmusharaf,%20K.%202012.%20Qualitative%20Sampling%20Techniques.%20Paper%20presented%20at%20Training%20Course%20in%20Sexual%20and%20Reporductive%20Health%20Research.%20https:/www.gfmer.ch/SRH-Course-2015/research-methodology/pdf/Qualitative-sampling-techniques-Elmusharaf-2015.pdf
file:///C:/Tutoring%20Network/2022/Melany%20Roy/Elmusharaf,%20K.%202012.%20Qualitative%20Sampling%20Techniques.%20Paper%20presented%20at%20Training%20Course%20in%20Sexual%20and%20Reporductive%20Health%20Research.%20https:/www.gfmer.ch/SRH-Course-2015/research-methodology/pdf/Qualitative-sampling-techniques-Elmusharaf-2015.pdf
file:///C:/Tutoring%20Network/2022/Melany%20Roy/Elmusharaf,%20K.%202012.%20Qualitative%20Sampling%20Techniques.%20Paper%20presented%20at%20Training%20Course%20in%20Sexual%20and%20Reporductive%20Health%20Research.%20https:/www.gfmer.ch/SRH-Course-2015/research-methodology/pdf/Qualitative-sampling-techniques-Elmusharaf-2015.pdf

Evans-Klock, C, Poschen, P, Sanchez, A.B. and Hofmann, C, 2009. ILO green jobs initiative
and implications for skills development. Cedefop, Future skills needs for the green economy.

Luxemburg: Publications Office of the European Union, 8-17.

Felser, K. and Wynn, M.G., 2020. Digitalization and Evolving IT Sourcing Strategies in the
German Automotive Industry. International Journal on Advances in Intelligent
Systems, 13(3/4):212-225.

Firnkorn, J. and Mdiller, M., 2012. Selling mobility instead of cars: new business strategies of
automakers and the impact on private vehicle holding. Business Strategy and the
environment, 21(4): 264-280.

Flick, U. 2013. Introducing Research Methodology. 2" ed. London: Sage Publications.

Fontana, A. & Frey, JH. 2005. The interview: From neutral stance to political involvement. In
N. K. Denzin & Y. S. Lincoln (Eds), The SAGE handbook of qualitative research, pp. 695-728.
Thousand Oaks, CA: Sage.

Forsythe, E., 2020. Automation and Technological Change: The Outlook for Workers and
Economies. CESifo Forum, 21(3): 27-30).

Fossen, F. and Sorgner, A., 2019. Mapping the future of occupations: transformative and

destructive effects of new digital technologies on jobs. @opcaim, 13(2 (eng)), 10-18.

Foster, J., 2003. Class struggle and the industrial revolution: Early industrial capitalism in

three English towns. Routledge.

Fourie, L. 2021. Tech News: We will update cars like we do our smartphones. IOL News, 30
May. [Online]. Available at: https://www.iol.co.za/business-report/opinion/tech-news-we-

will-update-cars-like-we-do-our-smartphones-62a7a358-c87c-4afb-b0bc-e1b4a74aacbb
[Accessed 26 August 2022].

Freeman, C. 2014. Introduction to 'Technological infrastructure and international

competitiveness' by Christopher Freeman. Industrial and Corporate Change, 13(3): 531-539.

Frey, C.B. and Osborne, M.A. 2013. The future of employment: How susceptible are jobs to
computerisation? Oxford University Engineering Sciences Department. [Online]. Available at:
http://www.oxfordmartin.ox.ac.uk/downloads/academic/The_Future_of Employment.pdf
[Accessed 26 August 2022].

116


https://protect.checkpoint.com/v2/___https:/www.iol.co.za/business-report/opinion/tech-news-we-will-update-cars-like-we-do-our-smartphones-62a7a358-c87c-4afb-b0bc-e1b4a74aac6b___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2OjQ3MzI6MmE0YTlmYjA4ZGQxYWM2Nzk3YzM1NmI2NTkwNzc0OWUxNDI2YzFlZWEyMTJmMzE5ZGEzMzQ5ZDMyZDExOWFmNTpwOlQ
https://protect.checkpoint.com/v2/___https:/www.iol.co.za/business-report/opinion/tech-news-we-will-update-cars-like-we-do-our-smartphones-62a7a358-c87c-4afb-b0bc-e1b4a74aac6b___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2OjQ3MzI6MmE0YTlmYjA4ZGQxYWM2Nzk3YzM1NmI2NTkwNzc0OWUxNDI2YzFlZWEyMTJmMzE5ZGEzMzQ5ZDMyZDExOWFmNTpwOlQ
https://protect.checkpoint.com/v2/___http:/www.oxfordmartin.ox.ac.uk/downloads/academic/The_Future_of_Employment.pdf___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2OjcxMjE6M2U4YjJkYzY5YjMwZGM2ODI2NDU3YWU5NTYwNDBiOTNjYTJmMjA2MDdhZDA0OTEwM2ZlNjZmOTgyNGRlMWU5MTpwOlQ

Frey, C.B., Berger, T. & Chen, C. 2017. Political machinery: automation anxiety and the 2016
US Presidential Election. Oxford: Oxford Martin School.

Gabriel, A. 2013. The meaning of theory. Sociological Theory, 26: 173-199

Gareth Price, 2017). In all the right places, Available at:
https://www.automotivemanufacturingsolutions.com/bodyshop/in-all-the-right-
places/35922.article,(Accessed: 30 November 2023).

Germany Trade & Invest. 2018. The Automotive Industry in Germany. Bonn: GTAI.

Gill, P., Stewart, K., Treasure, E. & Chadwick, B. 2008. Methods of data collection in
qualitative research: interviews and focus groups. British Dental Journal, 204(6): 291-295.

Global Commission on the Future of Work, 2019. Work for a brighter future. Geneva:

International Labour Organization.

Global Framework Agreements, GFAs. 2018. Current Agreements. [Online]. Available at:

https://www.industriall-union.org/global-framework-agreements [Accessed 26 August 2022].

Grainger, P. and Bandura, R., 2019. Rethinking pathways to employment: Technical and
vocational training for the digital age. G20 Insights, G20 Japan. Last updated June, 14, p.2019.

Grant, C. and Osanloo, A. (2016). Understanding, Selecting, and Integrating a Theoretical
Framework in Dissertation Research: Creating the Blueprint for Your “House”,
Administrative issues journal: connecting education, practice, and research, 4(2): 12-26.
doi: 10.5929/2014.4.2.9.

Hart, C. 2018. Doing a Literature Review: Releasing the Research Imagination. 2" ed.

London: Sage Publications.
Heale, R. T. 2015. Validity and reliability in quantitative studies. BMJ Journals, 18(3): 66-67.

Hecker, 1., Spaulding, S. and Kuehn, D., 2021. Digital skills and older workers. S.I.: Urban

Institute.

Hirschi, A., 2018. The fourth industrial revolution: Issues and implications for career research
and practice. The career development quarterly, 66(3): 192-204.

117


https://protect.checkpoint.com/v2/___https:/www.industriall-union.org/global-framework-agreements___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2OmFmZTY6YzE1NTY1NjdkYjkyNzZlODc2MDIzYzM1ZmNhYjJjM2I0YmQ1MzRmY2VjNmY3MGY4YzFhZTlmZmY5MjE5MDYwZTpwOlQ

Hoque, A.K.M.F., 2019. 4th industrial revolution: Impact and problems. In National
Conference  on  Electronics and Informatics. Available from: https://www.

researchgate.net/publication/337830441 4th_Industrial_Revolution-_Impact_and_Problems.

Houghton, C., Casey, D., Shaw, D. & Murphy, K. 2013. Rigour in Qualitative case-study
Research. Nurse Researcher, 20(4): 326.

Human capital perspective of previous industrial revolutions: Review in support of 4IR and its

possible impacts. Multicultural Education, 7(8): 86-96.

Industrial Development Corporation, IDC. 2019. The Future of Work: Preparing for the New
Normal. Report. Sandton, Johannesburg: IDC.

International Federation of Robotics, IFR. 2020. IFR presents World Robotics 2021 reports.
[Online] Available at: https://ifr.org/ifr-press-releases/news/robot-sales-rise-again [Accessed
26 August 2022].

International Federation of Robotics, IFR. 2020. IFR presents World Robotics Report 2020
Record 2.7 Million Robots Work in Factories Around the Globe. [Online] Available at:

https://ifr.orq/ifr-press-releases/news/record-2.7-million-robots-work-in-factories-around-the-

globe [Accessed 26 August 2022].

Ismail, F.N.A.B. and Yajid, A.A.B., 2021. The Sustainability of Batik Industry in Malaysia in
Relation to 4th Industrial Revolution. Nasrul Aiman Bin Abd Aziz Web designer, p.244.

Javelosa, J. 2017. Major Firm Announces It’s Replacing Its Employees with A.I. Futurism, 30
March. [Online]. Available at:
http://advice.careerbuilder.com/posts/6softskillseveryprofessionalneeds [Accessed 26 August
2022].

Koenig, B. 2021. Automotive Industry Improves Automation, Adopts Advanced Tech. SME,
01 March. [Online]. Available at:

https://www.sme.org/technologies/articles/2019/march/automotive-industry-improves-

automation-adopts-advanced-tech/ [Accessed 26 August 2022].

Kothari, C. R. 2004. Research Methodology: Methods and Techniques. New Delhi. Age

International Publishers.

118


https://protect.checkpoint.com/v2/___https:/ifr.org/ifr-press-releases/news/robot-sales-rise-again___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2OjNkMmM6Y2MyZWJmYWQ5YzY1NmJmODU0NmIwMTliMzJlMzE0NGVhYWNlN2Q4OTcyMjM2M2U3MjE1ZDZiZjg0NzdmNzdjZTpwOlQ
https://protect.checkpoint.com/v2/___https:/ifr.org/ifr-press-releases/news/record-2.7-million-robots-work-in-factories-around-the-globe___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2OmRlYjc6NGJmYmE5ODJiNTM2OTU5NzhlMTU4OGZiY2VmODAyYjEyNDdkYjQxMjRhZGNjYTY0ZWVhNGY2N2IyMjY5MWY4MjpwOlQ
https://protect.checkpoint.com/v2/___https:/ifr.org/ifr-press-releases/news/record-2.7-million-robots-work-in-factories-around-the-globe___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2OmRlYjc6NGJmYmE5ODJiNTM2OTU5NzhlMTU4OGZiY2VmODAyYjEyNDdkYjQxMjRhZGNjYTY0ZWVhNGY2N2IyMjY5MWY4MjpwOlQ
https://protect.checkpoint.com/v2/___http:/advice.careerbuilder.com/posts/6softskillseveryprofessionalneeds___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2OjM3MDM6ZTY3MjI5ZDQwN2IxMjliY2ViZjRhNmI2ZWI4MTJkOTcxMzk2MzA0OTNhYzk5YTY5N2YxNDFkNjAxNTMwYzEyODpwOlQ
https://protect.checkpoint.com/v2/___https:/www.sme.org/technologies/articles/2019/march/automotive-industry-improves-automation-adopts-advanced-tech/___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2OmJkYWY6ZTZiOTNjNGQ1YTY3MmMzMDFiYThiMWYwYjFmOTAxZmZmNTAzNjllZTY0ZWE0ZmYyNTA4ZGYwN2I1ZTliMzAzODpwOlQ
https://protect.checkpoint.com/v2/___https:/www.sme.org/technologies/articles/2019/march/automotive-industry-improves-automation-adopts-advanced-tech/___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2OmJkYWY6ZTZiOTNjNGQ1YTY3MmMzMDFiYThiMWYwYjFmOTAxZmZmNTAzNjllZTY0ZWE0ZmYyNTA4ZGYwN2I1ZTliMzAzODpwOlQ

Lagorio, A., Zenezini, G., Mangano, G. and Pinto, R., 2022. A systematic literature review of
innovative technologies adopted in logistics management. International Journal of Logistics
Research and Applications, 25(7): 1043-1066.

Lambert, D., Stock, J.R. and Ellram, L.M., 1998. Fundamentals of logistics management.
New York: McGraw-Hill.

Lamprecht, N. 2021. Automotive Export Manual. National Association of Automotive
Component & Allied Manufacturers. Santdon: NAACAM.

Lear Corporation. 2020a. E-Systems: Integrating technologies to drive the future of mobility.
[Online]. Available at: https://www.lear.com/technology/e-systems [Accessed 26 August
2022].

Lear Corporation. 2020b. [nnovation at Lear: What's Next. [Online]. Available at:

https://www.lear.com/company/innovation [Accessed 26 August 2022].

Leedy, P. 2010. Practical Research Planning and Design. Practical Research Planning and

Design. 9" ed. London: Pearson.

Lent, R.W. and Brown, S.D., 2019. Social cognitive career theory at 25: Empirical status of
the interest, choice, and performance models. Journal of Vocational Behavior, 115, p.103316.

Mahomedy, Y. 2021. The Motor Vehicle Industry in South Africa 2021. Who Owns Whom-
Africa Business Information, 28 February. [Online]. Available at:

https://www.whoownswhom.co.za/report-store/motor-vehicle-industry-south-africa-2021/

Manyika, J., et al. (2017) A Future That Works: Automation, Employment and Productivity.
McKinsey & Company, New York.

Marshall, C., & Rossman, G. B. 1999. Designing qualitative research. 3rd ed. California: Sage

Publications.

McKinsey Global Institute. 2013. Disruptive technologies: Advances that will transform life,
business, and the global economy. [Online]. Available at:

https://www.mckinsey.com/~/media/mckinsey/business%20functions/mckinsey%20diqgital/o

ur%?20insights/disruptive%?20technologies/mai disruptive technologies executive summary

may2013.pdf [Accessed 26 August 2022].

119


https://protect.checkpoint.com/v2/___https:/www.lear.com/technology/e-systems___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2OjRkMmY6YzY1NjM0YTA5ZmZiMDliYzNhZTBkNWRjYTk4MzMyMmE0YjdiOWY3ODMzZjkyNGM5NGE2YmFiNmU1NGE5MmNiNDpwOlQ
https://protect.checkpoint.com/v2/___https:/www.lear.com/company/innovation___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2OjNmZjc6MWM3ODY3MmY2ZTFmMzkzYjhlZTY0MzM3ZWUwNGY2YTljZmFiNWZiZGRiZmYzNjFhNGQ1N2RmZmJmYWUzODJlYTpwOlQ
https://protect.checkpoint.com/v2/___https:/www.whoownswhom.co.za/report-store/motor-vehicle-industry-south-africa-2021/___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2OmQzZDU6ODJmNDA3ZGI5YjFmNGRkZjNkNTFiNDI2ZmNiYzc2Mjk3YWJhMDcwMTkzMWU1NDM3N2VhODBjZGUzYjJjYmVhNzpwOlQ
https://protect.checkpoint.com/v2/___https:/www.mckinsey.com/~/media/mckinsey/business%20functions/mckinsey%20digital/our%20insights/disruptive%20technologies/mgi_disruptive_technologies_executive_summary_may2013.pdf___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2OjhkM2U6NmIwNGJlM2I1MGFhYzFmMDhjNjYyMTJkOWJiYzM4NmY3ODdlYjg1NDY2YjcwNDlkNDM5MjNjMWI3NWM0MDc2MTpwOlQ
https://protect.checkpoint.com/v2/___https:/www.mckinsey.com/~/media/mckinsey/business%20functions/mckinsey%20digital/our%20insights/disruptive%20technologies/mgi_disruptive_technologies_executive_summary_may2013.pdf___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2OjhkM2U6NmIwNGJlM2I1MGFhYzFmMDhjNjYyMTJkOWJiYzM4NmY3ODdlYjg1NDY2YjcwNDlkNDM5MjNjMWI3NWM0MDc2MTpwOlQ
https://protect.checkpoint.com/v2/___https:/www.mckinsey.com/~/media/mckinsey/business%20functions/mckinsey%20digital/our%20insights/disruptive%20technologies/mgi_disruptive_technologies_executive_summary_may2013.pdf___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2OjhkM2U6NmIwNGJlM2I1MGFhYzFmMDhjNjYyMTJkOWJiYzM4NmY3ODdlYjg1NDY2YjcwNDlkNDM5MjNjMWI3NWM0MDc2MTpwOlQ

McKinsey. 2016. Automotive revolution — perspective towards 2030. [Online]. Available at:

https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/disruptive-

trends-that-will-transform-the-auto-industry/de-DE [Accessed 26 August 2022].

McKinsey. 2017. A future that works: Automation, employment, and productivity. [Online].
Available at: https://www.mckinsey.com/featured-insights/digital-disruption/harnessing-

automation-for-a-future-that-works/de-DE [Accessed 26 August 2022].

Millington, K. A. (2017). How changes in technology and automation will affect the labour
market in Africa. K4D Helpdesk Report. Brighton, UK: Institute of Development Studies.

Moavenzadeh, J. 2015. The 4th Industrial Revolution: Reshaping the Future of Production.
World Economic Forum, DHL Global Engineering & Manufacturing Summit. Geneva,

Switzerland: World Economic Forum.

Mohajan, Haradhan (2019): The First Industrial Revolution: Creation of a New Global Human
Era. Published in: Journal of Social Sciences and Humanities, VVol. 5, No. 4 (17 October 2019):
pp. 377-387.

Mokyr, J., 2001, The rise and fall of the factory system: technology, firms, and households
since the industrial revolution. In Carnegie-Rochester Conference Series on Public Policy,
55(1): 1-45.

Mokyr, J., 2010. The contribution of economic history to the study of innovation and

technical change: 1750-1914. Handbook of the Economics of Innovation, 1:11-50.

Moore GE (1975) Progress in digital integrated electronics. In: Proceedings of the IEEE

electron devices meeting, 21: 21-25.

Morkos, B., Taiber, J., Summers, J., Mears, L., Fadel, G. and Rilka, T., 2012. Mobile devices
within manufacturing environments: a BMW applicability study. International Journal on
Interactive Design and Manufacturing (1J1IDeM), 6: 101-111.

Mullins, N., 2019. Career-related attitudes, behaviours and competencies of freelance

workers in a gig economy (Doctoral dissertation, University of Pretoria).

National Association of Automobile Manufacturers of South Africa, NAAMSA. 2022.
Automotive Industry Overview. [Online]. Available at: https://naamsa.net/industry-overview-
2021/ [Accessed 26 August 2022].

120


https://protect.checkpoint.com/v2/___https:/www.mckinsey.com/industries/automotive-and-assembly/our-insights/disruptive-trends-that-will-transform-the-auto-industry/de-DE___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2OmY2OGY6M2M0NGEwMzA2YzkwODExNzNiMDVhOWUzOWU0ZjkxNDQyYzIxMGQ5ZGE1NjdkYWQ0Njg3MTUxZjFhNjBmODVhODpwOlQ
https://protect.checkpoint.com/v2/___https:/www.mckinsey.com/industries/automotive-and-assembly/our-insights/disruptive-trends-that-will-transform-the-auto-industry/de-DE___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2OmY2OGY6M2M0NGEwMzA2YzkwODExNzNiMDVhOWUzOWU0ZjkxNDQyYzIxMGQ5ZGE1NjdkYWQ0Njg3MTUxZjFhNjBmODVhODpwOlQ
https://protect.checkpoint.com/v2/___https:/www.mckinsey.com/featured-insights/digital-disruption/harnessing-automation-for-a-future-that-works/de-DE___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2OmRlNjg6N2NkZDYwY2Q2NTY2YzNkYTgwM2ZhNGY0MGFjODA5MWU5YmVmMTE5YTUxYjJlNTg1YzNmZWExMzU2ODJkZmU5NTpwOlQ
https://protect.checkpoint.com/v2/___https:/www.mckinsey.com/featured-insights/digital-disruption/harnessing-automation-for-a-future-that-works/de-DE___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2OmRlNjg6N2NkZDYwY2Q2NTY2YzNkYTgwM2ZhNGY0MGFjODA5MWU5YmVmMTE5YTUxYjJlNTg1YzNmZWExMzU2ODJkZmU5NTpwOlQ
https://protect.checkpoint.com/v2/___https:/naamsa.net/industry-overview-2021/___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2OmJiMGI6MTNhNDRiOWY1MjE5Yzk0NTg0Yjk5OGY4YzQ1YzQwZjlkNDY5NjM1ZDU2YmNhNGE2MDFmNjQ3MjJkOGQ4YzU0OTpwOlQ
https://protect.checkpoint.com/v2/___https:/naamsa.net/industry-overview-2021/___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2OmJiMGI6MTNhNDRiOWY1MjE5Yzk0NTg0Yjk5OGY4YzQ1YzQwZjlkNDY5NjM1ZDU2YmNhNGE2MDFmNjQ3MjJkOGQ4YzU0OTpwOlQ

National Union of Metal Workers of South Africa, NUMSA Research Institute. 2019.

Automation affects on job losses report. Johannesburg: Numsa Research Institute.

National Union of Metal Workers of South Africa, NUMSA. 2016. Tenth National Congress
Resolution. Johannesburg: NUMSA.

National Union of Metal Workers of South Africa, NUMSA. 2018. National Minimum wage
debate. Johannesburg: NUMSA.

National Union of Metal Workers of South Africa, NUMSA. 2019. Business Rescue and
Liquidation. https://numsa.org.za/wp-content/uploads/2021/05/Business-Rescue-and-
Liquidation-workshop.pdf [Accessed 26 August 2022].

National Union of Metal Workers of South Africa, NUMSA. 2019. Workers Initiatives and

Business rescue strategies. Johannesburg: NUMSA.

National Union of Metalworkers of South Africa. 2019. Draft discussion document of

Automotive Policy. Pretoria: The Union.

National Union of Metalworkers, (2019). Impacts of technology on workers: The national

union of metalworkers of South Africa internal document, 2019. Unpublished.

Ndung’u, N. & Landry Signé, L. 2022. The Fourth Industrial Revolution and digitization will
transform Africa into a global powerhouse. Brookings, 8 January. [Online]. Available at:

https://www.brookings.edu/research/the-fourth-industrial-revolution-and-digitization-will-

transform-africa-into-a-global-powerhouse/ [Accessed 26 August 2022].

Nowell, L.S., Norris, J.M., White, D.E. and Moules, N.J., 2017. Thematic analysis: Striving to
meet the trustworthiness criteria. International journal of qualitative methods, 16(1),
p.1609406917733847.

Nvidia Corporation. 2021. BMW now working with NVIDIA to advance Al in logistics.
[Online]. Available at: https://www.automotivelogistics.media/digital-technology/bmw-now-

working-with-nvidia-to-advance-ai-in-logistics/40647.article [Accessed 26 August 2022].

O’Rourke, K.H., Rahman, A.S. and Taylor, A.M., 2013. Luddites, the industrial revolution,
and the demographic transition. Journal of Economic Growth, 18, pp.373-409.

Orb, A., Eisenhauer, L., Wynaden, D. 2001. Ethics in Qualitative Research. Profession and
Society, 33(1): 93-96.

121


https://protect.checkpoint.com/v2/___https:/numsa.org.za/wp-content/uploads/2021/05/Business-Rescue-and-Liquidation-workshop.pdf___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2OmI3YWY6ZDBiMTQyZDNhMTI4ZGI3ZDVjNmFjMTA3MzQzYzlmNzRjYWMzNGFjZjQ4YzlkNzBmMTM3Y2ZkMzI0ODFmNTgzZjpwOlQ
https://protect.checkpoint.com/v2/___https:/numsa.org.za/wp-content/uploads/2021/05/Business-Rescue-and-Liquidation-workshop.pdf___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2OmI3YWY6ZDBiMTQyZDNhMTI4ZGI3ZDVjNmFjMTA3MzQzYzlmNzRjYWMzNGFjZjQ4YzlkNzBmMTM3Y2ZkMzI0ODFmNTgzZjpwOlQ
https://protect.checkpoint.com/v2/___https:/www.brookings.edu/research/the-fourth-industrial-revolution-and-digitization-will-transform-africa-into-a-global-powerhouse/___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2OjRmZjA6YWQ5NjUwNmJiNmQ5NjQxMzhlNWJkYmZjMWRkMWNjMjAxNDg5YzQ1NmU5Mjg2NGRiZWExMDUwYjY5OGYzNjRkODpwOlQ
https://protect.checkpoint.com/v2/___https:/www.brookings.edu/research/the-fourth-industrial-revolution-and-digitization-will-transform-africa-into-a-global-powerhouse/___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2OjRmZjA6YWQ5NjUwNmJiNmQ5NjQxMzhlNWJkYmZjMWRkMWNjMjAxNDg5YzQ1NmU5Mjg2NGRiZWExMDUwYjY5OGYzNjRkODpwOlQ
https://protect.checkpoint.com/v2/___https:/www.automotivelogistics.media/digital-technology/bmw-now-working-with-nvidia-to-advance-ai-in-logistics/40647.article___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2OmJjNDM6MzE4MDFhMGQ0NDY5OTg0MGRmYmY0MDM1NzczMjJlMmQ0YzcxNjNjZWIzN2Q0N2RlNDAyYmRjYWJhOTFlZWUxMDpwOlQ
https://protect.checkpoint.com/v2/___https:/www.automotivelogistics.media/digital-technology/bmw-now-working-with-nvidia-to-advance-ai-in-logistics/40647.article___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2OmJjNDM6MzE4MDFhMGQ0NDY5OTg0MGRmYmY0MDM1NzczMjJlMmQ0YzcxNjNjZWIzN2Q0N2RlNDAyYmRjYWJhOTFlZWUxMDpwOlQ

Palinkas, L.A., Horwitz, S.M., Green, C.A., Wisdom, J.P., Duan, N. and Hoagwood, K., 2015.
Purposeful sampling for qualitative data collection and analysis in mixed method
implementation research. Administration and policy in mental health and mental health

services research, 42: 533-544.

Pandian, D.A.P., 2019. Artificial intelligence application in smart warehousing environment
for automated logistics. Journal of Artificial Intelligence and Capsule Networks, 1(2): 63-72.

Papatheodorou, Y. & Harris, M. 2007. The Automotive Industry: Economic Impact and
Location  Issues.  Industry  Week, 06 January. [Online]. Available at:
https://www.industryweek.com/the-economy/article/21958422/the-automotive-industry-

economic-impact-and-location-issues [Accessed 26 August 2022].

Papulova, Z., Gazové, A. and Sufliarsky, L., 2022. Implementation of automation
technologies of industry 4.0 in automotive manufacturing companies. Procedia Computer
Science, 200: 1488-1497.

Pardi, T., Krywdzinski, M. & Luethje, B. 2019. Digital manufacturing revolutions as political
projects and hypes: evidence from the auto sector. Working paper 003. Geneva, Switzerland:

International Labour Organisation.

Parschau, C. and Hauge, J., 2020. Is automation stealing manufacturing jobs? Evidence from
South Africa’s apparel industry. Geoforum, 115: 120-131.

Petrovi¢, G., 1963. Marx's theory of alienation. Philosophy and Phenomenological
Research, 23(3), pp.419-426.

Plorin, D., 2022. Al Reshaping the Automotive Industry. In Artificial Intelligence for
Digitising Industry—Applications (pp. 3-9). S.I.: River Publishers.

Polit, D.F. & Hungler, B.P. 1999. Nursing research: principles and methods. 6th ed.
Philadelphia: Lippincott.

Prashant, K. 2019. Recent Development of Automation in Vehicle Manufacturing Industries.

International Journal of Innovative Technology and Exploring Engineering, 8(6): 410-413.

PricewaterhouseCoopers 2017. Digital Auto Report 2017: Exponential growth in new mobility

services. [Online]. Available at: https://www.strategyand.pwc.com/gx/en/about/media/press-

releases/digital-auto-reportl7.html [Accessed 26 August 2022].

122


https://protect.checkpoint.com/v2/___https:/www.industryweek.com/the-economy/article/21958422/the-automotive-industry-economic-impact-and-location-issues___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2OjY1Mzc6OTdhMmQ2NTdlYTAyN2Q4Mzc0OTU0OGUxNzMwZDU4NDFjMTk0NDRkOWM3Y2M4MGIwNjYxODViOWI3YWZhNzJkNTpwOlQ
https://protect.checkpoint.com/v2/___https:/www.industryweek.com/the-economy/article/21958422/the-automotive-industry-economic-impact-and-location-issues___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2OjY1Mzc6OTdhMmQ2NTdlYTAyN2Q4Mzc0OTU0OGUxNzMwZDU4NDFjMTk0NDRkOWM3Y2M4MGIwNjYxODViOWI3YWZhNzJkNTpwOlQ
https://protect.checkpoint.com/v2/___https:/www.strategyand.pwc.com/gx/en/about/media/press-releases/digital-auto-report17.html___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2OjdlNjI6Yzc2NDI0Y2IyNzJiZTVmMTk0MGEzZmZkNThhNTU5YzlkNTAzYTA2OWFkNTZhNTQ2MWRmODBmNTUyZjk3NWFkYzpwOlQ
https://protect.checkpoint.com/v2/___https:/www.strategyand.pwc.com/gx/en/about/media/press-releases/digital-auto-report17.html___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2OjdlNjI6Yzc2NDI0Y2IyNzJiZTVmMTk0MGEzZmZkNThhNTU5YzlkNTAzYTA2OWFkNTZhNTQ2MWRmODBmNTUyZjk3NWFkYzpwOlQ

Prisecaru, P. 2016. Problems of the Fourth Industrial Revolution. Knowledge Horizons -
Economics, 8(1): 57-62.

Puiu LR., Boscoianu M., Vrajitoru E.S., Boscoianu E.C. (2021): Procurement in Automotive
Industry. [Online]. Available at: https://doi.org/10.31926/RECENT.2021.64.069 [Accessed
26 August 2022].

Qin, Z. and Lu, Y., 2021. Self-organizing manufacturing network: A paradigm towards smart

manufacturing in mass personalization. Journal of Manufacturing Systems, 60: 35-47.

Rapanyane, M.B. and Sethole, F.R. 2020. The rise of artificial intelligence and robots in the
4th Industrial Revolution: implications for future South African job creation, Contemporary
Social Science, 15(4): 489-501.

Research Methodology. 2020. Research Methodology. [Online] Available at: https://research-

methodology.net/research-methodology/ [Accessed 26 August 2022].

Reuters. 2021. VW to cut up to 4,000 jobs via early retirement, sources say. [Online]
Available at: https://www.reuters.com/article/us-volkswagen-jobs-idUSKBN2B60CY
[Accessed 26 August 2022].

Rifkin, J., 1996. End of work (p. 400). North Hollywood, CA, USA: Pacifica Radio Archives.

Ritchie, J., Lewis, J., Nicholls, C. & Ormston, R. 2014. Qualitative Research practice: a guide

for social science students and researchers. 2nd ed. Los Angeles, CA: Sage Publishers.
Rothman, D. 2013. How Technology Is Destroying Jobs. Technology Review, 116(4): 28-35

Roy, M. 2019a. Impact analysis on Workers jobs in all Sectors. NUMSA News. Johannesburg:
NUMSA.

Roy, M. 2019b. The Fourth Industrial Revolution and Worker Initiatives. Johannesburg:
NUMSA.

Rudolph, C.W., Lavigne, K.N. and Zacher, H., 2017. Career adaptability: A meta-analysis of
relationships with measures of adaptivity, adapting responses, and adaptation results. Journal

of vocational behavior, 98: 17-34.

Rymarczyk, J., 2022. The Change in the Traditional Paradigm of Production under the

Influence of Industrial Revolution 4.0. Businesses, 2(2): 188-200.

123


https://protect.checkpoint.com/v2/___https:/research-methodology.net/research-methodology/___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2OmVhZGY6YWI4Mjk5ZDU2ZTY3MmRhZTM4YWNjOTBlNDlkNmQ5OThiMjdmZWY3Yzg3MzVlODI2N2QxYTVlYmE4M2VkMGI3ZDpwOlQ
https://protect.checkpoint.com/v2/___https:/research-methodology.net/research-methodology/___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2OmVhZGY6YWI4Mjk5ZDU2ZTY3MmRhZTM4YWNjOTBlNDlkNmQ5OThiMjdmZWY3Yzg3MzVlODI2N2QxYTVlYmE4M2VkMGI3ZDpwOlQ

Schillméller, S. 2017. BMW Embraces Automation, Exoskeletons, Available at:
https://www.ien.com/advanced-manufacturing/news/20854324/bmw-embraces-automation-

exoskeletons, (Accessed: 27 November 2023).

Schnellecke, L. 2021. Schnellecke  Logistics.  [Online] Available  at:
https://www.schnellecke.com/en/schnellecke-logistics/Solutions [Accessed 26 August 2022].

Schumacher, A., Sihn, W. and Erol, S. 2016. Automation, digitization and digitalization and
their implications for manufacturing processes. In Innovation and Sustainability Conference

Bukarest (pp. 1-5). Amsterdam, The Netherlands: Elsevier.

Schwab, K. (2017). The fourth industrial revolution. Portfolio Penguin.

Schwardt, 2007. The Sage Dictionary of Qualitative Inquiry. 3™ ed. Los Angeles, CA: Sage
Publishing.

SETA. 2020. The Sector Education and Training Authority. [Online]
Available at: http://www.etdpseta.org.za [Accessed 26 August 2022].

Sharma, G., 2017. Pros and cons of different sampling techniques. International journal of
applied research, 3(7): 749-752.

Sheu, H.B. and Bordon, J.J., 2017. SCCT research in the international context: Empirical
evidence, future directions, and practical implications. Journal of Career Assessment, 25(1):
58-74.

Shukla, R., 2009. Talent management: Process of developing and integrating skilled workers.
S.1.: Global India Publications.

Sierzchula, W., Bakker, S., Maat, K. and Van Wee, B., 2012. Technological diversity of
emerging eco-innovations: a case study of the automobile industry. Journal of Cleaner
Production, 37: 211-220.

Signé, L., 2022. Keynote Address: Unlocking Africa’s Potential in a Time of Competition
between Rising and Global Powers.

Singh, R. and Tarkar, P 2020. Future of work: How Artificial Intelligence will change the
dynamics of work culture and influence employees work satisfaction post-covid-19.

In Proceedings of International Conference on Communication and Artificial Intelligence:
ICCAI 2021 (pp. 239-260). Singapore: Springer Nature Singapore.

124


https://protect.checkpoint.com/v2/___https:/www.schnellecke.com/en/schnellecke-logistics/Solutions___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2OmM4OTk6NTYxOWExZjExZWI3NGYzZTk2ZjRiZGYzNWY2NzI2OGI1ZGZhMmUyZTkxMGM2ZWJjNTgwZTVjYTVlNDQ3NjM4NjpwOlQ
https://protect.checkpoint.com/v2/___http:/www.etdpseta.org.za___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2OjM2YzU6Y2M4NWE3Njc2ZDlkZTliYTZjZWU0NWZhZDg5Y2Q3ZTU1NDhjZWEzZTA1YWQxMDA4MGQ0ZTBiZmJjOTFjM2U2NTpwOlQ

Slaughter, S. and Rhoades, G., 2004. Academic capitalism and the new economy: Markets,

state, and higher education. S.1.: Jhu press.

Statistics South Africa, 2023:1) Manufacturing Output, Available at:
https://www.statssa.gov.za/?p=13601, (Accessed: 30 November 2023).

StatsSA. 2021. Quarterly Labour Force Survey (QLFS), 1st Quarter 2021. Pretoria:

Government Printer.

StatsSA. 2022a. After two years, GDP returns to pre-pandemic levels. [Online]. Available at:
https://www.statssa.gov.za/?p=15440 [Accessed 26 August 2022].

StatsSA. 2022b. Motor trade sales (Preliminary). Pretoria: Government Printer.

Stearns, P.N. (Ed.). (2020). Mokyr, J. and Strotz, R.H., 1998. The second industrial revolution,
1870-1914. Storia dell’economia Mondiale, 21945(1). The Industrial Revolution in World
History (5th ed.). London: Routledge. https://doi.org/10.4324/9781003050186

Stearns, P.N., 2020. The industrial revolution in world history. London: Routledge.

Stoddard, E. 2021. First-quarter unemployment rate hits record high of 43.2%, youth jobless
rate 74.7%. Daily Maverick, 01 July. [Online] Available at:
https://www.dailymaverick.co.za/article/2021-06-01-first-quarter-unemployment-rate-hits-
record-high-of-43-2-youth-jobless-rate-74-7/ [Accessed Friday July 2021].

Stolfa, J., Stolfa, S., Messnarz, R., Veledar, O., Ekert, D., Macher, G. and Madaleno, U.,
2020. Automotive engineering skills and job roles of the future? In Systems, Software and
Services Process Improvement: 27th European Conference, EuroSPI1 2020, Disseldorf,
Germany, September 9-11, 2020, Proceedings 27 (pp. 352-369).

Sturgeon, T.J., Memedovic, O., Van Biesebroeck, J. and Gereffi, G., 2009. Globalisation of
the automotive industry: main features and trends. International Journal of Technological

learning, innovation and development, 2(1-2): 7-24.

Susskind, D., 2020. A world without work: Technology, automation and how we should
respond. Harmondsworth: Penguin UK.

Taiwo, S.0. and Vezi-Magigaba, M.F., 2021. Human capital perspective of previous industrial
revolutions: Review in support of 4IR and its possible impacts. Multicultural Education, 7(8):
86-96.

125


https://protect.checkpoint.com/v2/___https:/www.statssa.gov.za/?p=15440___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2Ojg3NTU6NDUyNTc3YmIzM2JkNjliMjZkZDA2MmY4ZmZkNDlkMjk3ZDU5YzdmNjIxNzBjYWQ3MGJiNDhlM2IxYTcwNmIyZDpwOlQ
https://protect.checkpoint.com/v2/___https:/www.dailymaverick.co.za/article/2021-06-01-first-quarter-unemployment-rate-hits-record-high-of-43-2-youth-jobless-rate-74-7/___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2OjZhNzE6NjQ1Y2IyMmUwN2RkMWE1OTViZTczMDEyNDU0NGM4M2UwMjkyYmVhMWFjMWRjZmUxNzNkYmI5MjBmMmMzMTAzNDpwOlQ
https://protect.checkpoint.com/v2/___https:/www.dailymaverick.co.za/article/2021-06-01-first-quarter-unemployment-rate-hits-record-high-of-43-2-youth-jobless-rate-74-7/___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2OjZhNzE6NjQ1Y2IyMmUwN2RkMWE1OTViZTczMDEyNDU0NGM4M2UwMjkyYmVhMWFjMWRjZmUxNzNkYmI5MjBmMmMzMTAzNDpwOlQ

TerreBlanche, M. 2004. Research in Practice. 2nd ed. Cape Town: University of Cape Town

Press.

Van Dam, N.H., 2017. The 4th industrial revolution and the future of jobs. Bookboon.
Retrieved October, 13, p. 2018.

Vazquez, I.G., Milasi, S., Gomez, S.C., Napierala, J., Bottcher, N.R., Jonkers, K., Beldarrain,
X.G., Pabollet, E.A., Bacigalupo, M., Biagi, F. and Giraldez, M.C., 2019. The changing nature
of work and skills in the digital age (No. JRC117505). Joint Research Centre (Seville site).

Venter, S. 2022. VWSA installs 320 robots ahead of new Polo production. Engineering News,
13 October. [Online]. Available at: https://www.engineeringnews.co.za/article/vwsa-installs-
320-robots-ahead-of-new-polo-production-2016-10-13 [Accessed 26 August 2022].

Volkswagen, 2021. Volkswagen plans to use new 3D printing process in vehicle production
in the years ahead, Available at:https://www.volkswagen-newsroom.com/en/press-
releases/volkswagen-plans-to-use-new-3d-printing-process-in-vehicle-production-in-the-
years-ahead-7269, (Accessed: 27 November 2023).

Volkswagen, VW. 2021. Trends in The Markets for Passenger Cars and Light Commercial

Vehicles. [Online]. Awvailable at: https://annualreport2021.volkswagenag.com/group-

management-report/business-development/trends-in-the-markets.html [Accessed 26 August
2022].

Weidemann, C., Mandischer, N., van Kerkom, F., Corves, B., Hising, M., Kraus, T. and
Garus, C. 2023. Literature Review on Recent Trends and Perspectives of Collaborative
Robotics in Work 4.0. Robotics, 12(3): 84.

Weller, S.C., Vickers, B., Bernard, H.R., Blackburn, A.M., Borgatti, S., Gravlee, C.C. &
Johnson, J.C. 2018. Open-ended interview questions and saturation. PLoS One, 13(6):
0198606

Wilson, G. 2021. The Road to Recovery: Reigniting the Innovative Flame. Manufacturing

Global Magazine, 3 June.

Whitton, R. 2021. BMW’s IdealWorks Validates (and Problems) AMR Sector. Robotics
Business Review, 26 March. [Online]. Available at:
https://www.roboticsbusinessreview.com/analysis/bmws-idealworks-validates-and-problems-
amr-sector/ [Accessed 26 August 2022].

126


https://protect.checkpoint.com/v2/___https:/www.engineeringnews.co.za/article/vwsa-installs-320-robots-ahead-of-new-polo-production-2016-10-13___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2OjMyODk6ZmJkNWE2MmQ3OGVjYTg4NjI1MGU1NWNiZTZlMzcyNjNiYTIyOTE2ZWFiNmZkMjlkMjExNTJkZmVhMzU0NTgwNzpwOlQ
https://protect.checkpoint.com/v2/___https:/www.engineeringnews.co.za/article/vwsa-installs-320-robots-ahead-of-new-polo-production-2016-10-13___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2OjMyODk6ZmJkNWE2MmQ3OGVjYTg4NjI1MGU1NWNiZTZlMzcyNjNiYTIyOTE2ZWFiNmZkMjlkMjExNTJkZmVhMzU0NTgwNzpwOlQ
https://protect.checkpoint.com/v2/___https:/annualreport2021.volkswagenag.com/group-management-report/business-development/trends-in-the-markets.html___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2Ojk2ZDA6YTA1NjczOWE4NzUwNmY5ZTg1OWU2MGVlZmRjNmNjYjkwMDBlOTA1ZGVlOGU2YzZmNmRmZjk2NDk4NzQzNzFiYjpwOlQ
https://protect.checkpoint.com/v2/___https:/annualreport2021.volkswagenag.com/group-management-report/business-development/trends-in-the-markets.html___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2Ojk2ZDA6YTA1NjczOWE4NzUwNmY5ZTg1OWU2MGVlZmRjNmNjYjkwMDBlOTA1ZGVlOGU2YzZmNmRmZjk2NDk4NzQzNzFiYjpwOlQ
https://protect.checkpoint.com/v2/___https:/www.roboticsbusinessreview.com/analysis/bmws-idealworks-validates-and-challenges-amr-sector/___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2OjcyNTQ6ZmRhNGZjNWIwNDZkNWJlNGE4NTY2NjBlM2FiMGQ3MzFjNWI5ODI4ODUwYTRjMGNmMTM5YThlYTI2MzJjMmM4MDpwOlQ
https://protect.checkpoint.com/v2/___https:/www.roboticsbusinessreview.com/analysis/bmws-idealworks-validates-and-challenges-amr-sector/___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2OjcyNTQ6ZmRhNGZjNWIwNDZkNWJlNGE4NTY2NjBlM2FiMGQ3MzFjNWI5ODI4ODUwYTRjMGNmMTM5YThlYTI2MzJjMmM4MDpwOlQ

Wohlers, T. and Gornet, T., 2014. History of additive manufacturing. Wohlers report, 24: 118.

World Economic Forum, WEF. 2020. The Future of Jobs Report 2020. Geneva, Switzerland.
[Online]. Available at: https://www3.weforum.org/docs/WEF_Future of Jobs 2020.pdf
[Accessed 26 August 2022].

Wu, X., Freese, D., Cabrera, A. and Kitch, W.A., 2015. Electric vehicles’ energy
consumption measurement and estimation. Transportation Research Part D: Transport and
Environment, 34: 52-67.

127


https://protect.checkpoint.com/v2/___https:/www3.weforum.org/docs/WEF_Future_of_Jobs_2020.pdf___.YzJlOnVuaXNhbW9iaWxlOmM6bzoyZThiYzA3NTI2OTQ3ZDc4MWVjYmFmODBhN2E5MDdhYzo2OjZmMDY6NmY4ODA1YWRhOWM0YzQ1Y2Y3NjZhZWM2ZDdiZTEwOGY5YjAyOGIwNjQyZGQ1NTFiNjljOGU4OTRkYTIxOWFjMTpwOlQ

	btnOpenRubric: 


