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Abstract
In the era of digital transformation, the concept of Industry 4.0 brings tools, methods, and technologies
such as big data, autonomous robots, sensors and actuators, simulation, AR/VR, additive manufacturing,
cloud computing, artificial intelligence, internet of things, cybersecurity together for higher levels of
effectiveness and creates high expectations both in organizations and individuals. Exploring the
advantages of Industry 4.0 has been one of the hottest research topics in recent years; however, its
implications on production relations and welfare are rarely discussed. In its highest level of adoption,
Industry 4.0 promises lights-out manufacturing or dark factories where the intelligent hardware and
equipment replace labour force and brings the discussions on the increasing unemployment and
decreasing value of existing human skills and experience. In the relevant literature, there are many
academic studies on the effect of Industry 4.0 on work, jobs, and employment, but these studies focus
mainly on blue-collar workers. In this context, the current paper aims to examine how engineers who
make a significant contribution to the emergence, diffusion, and development of new technologies will be
affected by Industry 4.0. By using qualitative data collection and case study methods, the impact of digital
transformation in manufacturing on engineering work and jobs are explored. Structured interviews were
conducted with the managers, who are also engineers, in two manufacturing companies that operate in the
different tiers of the value chain in the white goods industry, which is one of the sectors with the highest
level of digital maturity and high value-added in Turkey.
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1.

Introduction
It is imperative to follow the advancements in manufacturing technologies in order to adapt

quickly to the ever-changing market demands, to make high quality, low-cost, and efficient production,
and to keep up with the global competition (Rojko, 2017). The new reality of production and economy is
the concept of Industry 4.0, which has been a trend in recent years (Ślusarczyk, 2018). The concept of
Industry 4.0, which is used synonymously with the Fourth Industrial Revolution, was first introduced at
the Hannover Fair in 2011 and announced in 2013 as a strategic initiative of Germany (Xu et al., 2018).
Industry 4.0 refers to making devices smarter by aligning traditional production systems with
Internet technologies (Lackey, 2014). More specifically, Industry 4.0 is the digital transformation of the
entire value chain based on cyber-physical production systems, which are the innovations in digital
technology such as the internet of things (IoT), data analytics, robotics, cloud computing, and artificial
intelligence (Kowang et al., 2019; Ng, 2020). The definitions mentioned above bring to mind the third
industrial revolution. However, the fact that digital technologies used since the third industrial revolution
have become more advanced and integrated systems that can transform the global economy and society
has given birth to Industry 4.0 and made it different from the third industrial revolution (Schwab, 2016).
Brynjolfsson and McAfee (2014) argue that the factors that led to the emergence of Industry 4.0 and
differentiated it from other industrial revolutions are innovation based on the recombination of existing
parts, exponential developments, and digitalisation.
Obviously, this transformation in the industry will lead to significant transformations in work life,
as well. Technologies that contribute to cyber-physical production systems have already begun to change
the work practices of scientific management principles that consider people as a part of the business
process (De Kok, 2016). The work that means “the performance of some act or skill in return for an
economic reward, or in the ultimate hope of receiving some such reward” (Danaher, 2017, p. 43) is now
more cognitively sophisticated, team-oriented, time-pressured, mobile, and also requires new skills (Lee,
2016). Furthermore, how technological developments will affect employment is another object of interest.
Artificial intelligence (AI) can now drive cars, serve in restaurants, and defeat human champions in
games and contests (Bostrom, 2014; DeCanio, 2016), in other words, AI has the potential to surpass the
human ability. However, there are many different arguments in the literature regarding the future of work
and employment. On the one hand, it is claimed that human labour will not lose its importance in the
coming years, and technological advances will lead to an increase in employment (Rüßmann et al., 2015,
Spath et al., 2013); on the other hand, it is estimated that some jobs will be lost due to digitalisation
(Bowles, 2014).
Demirbağ and Yıldırım (2018) categorized academic publications on Industry 4.0 according to
their themes and revealed that Industry 4.0 publications were grouped under five different themes: (1)
status

quo,

trends,

challenges

and

opportunities,

and

future

directions,

(2)

business

models/transformation, system integration, strategic management, process and/or production engineering,
(3) education, (4) tools and technologies, and (5) organizational life. The publications, which were
gathered under the theme of organizational life, have centred on issues such as human-centred design,
hybrid organizations, human-robot interaction, and the future of the work (Demirbağ & Yıldırım, 2018).
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Mostly, blue-collars are taken into consideration in academic publications on the future of work (Haeffner
& Panuwatwanich, 2017; Ras et al., 2017), and this is quite reasonable since robotics and automation will
first be substituted with routine and manual tasks that require low skills (Autor et al., 2003). Nevertheless,
robots will perform non-standardized and cognitive tasks in a very costly way (Decker et al., 2017), and
substitutability cannot be limited to routine and manual tasks alone.
From this point of view, the impact of Industry 4.0 on white-collars should also be examined, and
appropriate policies should be developed in areas such as education, labour, and employment security. In
the next section of the study, the background of the current problem is presented in light of the relevant
literature to limit this highlighted gap and reach a well-defined and precise research question.

2.

Problem Statement
There has been some concern in the literature that automation and digitalisation, accelerated by

Industry 4.0 wave, will increase unemployment (Arntz et al., 2016). On the other hand, it is argued that
advances in technology create new jobs while making some jobs obsolete (Mashelkar, 2018).
Frey and Osborne (2017) examined the susceptibility of 702 occupations to computerisation to
classify them as high-, medium-, and low-risk occupations and to investigate the expected effects of
computerisation on the labour market. Their research shows that approximately 47% of the USA’s
occupations are in the high-risk group, while the susceptibility of engineering and science occupations to
computerisation is low since they require a high degree of creative intelligence. Presently,
computerisation is not a substitute for creative science and engineering professions but will be
complementary in the long run. Another noteworthy finding of the research is that education and wages
show a negative relationship with the probability of computerisation (Frey & Osborne, 2017). Even
though occupations that require low skills and low levels of education are in the high-risk group,
professions that require high skills and creativity, such as engineering, are ultimately in danger of
succumbing to computerisation.
While engineering is defined as designing objects, processes, and systems systematically and
iteratively to meet the needs and desires of humanity, technology is a modified form of the natural and
designed world to meet human needs and desires, in other words, technology is a product or process that
arise from the application of engineering design processes (Quellmalz, 2014). In that case, will the
technologies created by engineers, who are the key actors in advancing technology, ultimately take away
their jobs? While technology is still complementary to engineering, developing appropriate plans and
policies with a proactive approach is critical.
In the literature regarding Industry 4.0 and engineering, there is a limited number of academic
publications that focus on the training and educating engineers for Industry 4.0 (Chen & Zhang, 2015;
Golob & Bratina, 2018; Richert et al., 2016) and the new skills and competencies needed for Industry 4.0
(Motyl et al., 2017) although more attention needs to be paid to these issues.
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3.

Research Questions
The main research question of the current study is to be answered is: How will engineers who

work in the Turkish white goods industry, which is one of the most digitally mature sectors in Turkey, be
affected by Industry 4.0?
Also, related specific research questions are as follows.
How will the Industry 4.0 transformation affect the engineering job and work?
What are the new requirements for the education and training of engineers?
What are the new competencies and skills expected from engineers?
How will the Industry 4.0 transformation affect the job & task descriptions?
How will the Industry 4.0 transformation affect the number & variety of tasks?
How will the Industry 4.0 transformation change the depth & breadth of technical knowledge?
Will engineering work lose its value and dignity as a result of the Industry 4.0 transformation?

4.

Purpose of the Study
The primary purpose of this study is to examine how engineers, who have an essential role in the

emergence of the fourth industrial revolution, will be affected by Industry 4.0 through the case analysis
method that is conducted in the Turkish white goods sector.
In line with the primary purpose, sub-objectives of the research are presented below.
Reveal the effects of the Industry 4.0 transformation on the engineering job and work.
Identify the new requirements for the education and training of engineers.
Identify the new competencies and skills expected from engineers.
Explore the impact of the Industry 4.0 transformation on the job and task descriptions of engineers.
Explore the impact of the Industry 4.0 transformation on the number and variety of engineers’
tasks.
Explore the impact of the Industry 4.0 transformation on the depth and breadth of engineers’
technical knowledge.
Explore the impact of the Industry 4.0 transformation on the value and dignity of engineering
work.

5.

Research Methods
In this paper, case study method that refers to “an empirical inquiry that investigates a

contemporary phenomenon in depth and within its real-life context, especially when the boundaries
between phenomenon and context are not clearly evident” (Yin, 2009) is used since case studies are
usable when focusing on contemporary events, control of behavioural events is not required, and the form
of research questions is “how” and “why” (Yin, 2009, p. 18). The research steps are presented in Figure 1.
Since the white goods sector is one of the three sectors with the highest level of digital maturity
(TUBITAK, 2017), it has been selected for research. In this regard, the interviews were conducted with
the managers of two white goods companies, one of which is the supplier of the other.
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Data Collection
(a) Structured Expert Interviews
(b) Direct Observation
(c) Documents (website, news, online reports
etc.)

Consistency Check
(Comparison of a with b and c)

Analysis

Data Classification

Changes in Positions and Job Descriptions of
Engineers
Education and Training
New Skills and Competencies
Scope of the Work (number and variety of tasks)
The Value and Dignity of Work
Depth/Breadth of Technical Knowledge

The research steps
Firstly, the company managers were asked interview questions about the engineering work, and
their answers were compared with the data obtained from direct observations and documents, such as the
website of the company or related online news/reports, to check the consistency. Table 1 shows the
interview questions. The collected data were classified and analyzed considering the discussions in the
literature.
Table 1. Interview Questions
Research Issue

Interview Questions

Changes in Positions
and Job Descriptions of
Engineers

Are there any changes in positions and job descriptions of your engineers due
to the transition to Industry 4.0? Do you think Industry 4.0 will affect your
engineers negatively? Will the number of engineers decrease because of
Industry 4.0? Which engineering positions may disappear? Why?
Should Industry 4.0 training be given to engineers? If engineers were trained
in your company, what was the scope of the training? Will the level of
engineering education increase? Why?
What are the new skills and competencies for engineers? Why?

Education and Training

New Skills and
Competencies
The Scope of the Work
The Value and Dignity
of the Work
Depth/Breadth of
Technical Knowledge

6.

How has Industry 4.0 changed the number and variety of tasks of engineers?
Will Industry 4.0 reduce the value and dignity of the engineering work? Why?
How will digital transformation affect the depth/breadth of technical
knowledge of engineers? Why?

Findings
Information about the interview participants and the company is presented in Table 2.
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Table 2. Participants and Companies
Company

Participant

A

Founder & Managing
Director

B

Production Technologies
& Industry 4.0 Manager

Company Information
A well-known supplier company that produces parts
of furnaces and ovens for the main industry with
160 employees
One of Turkey’s leading white good companies that
offer products and services to more than 130
countries with 30,000 employees

The answers given by the firms to the interview questions are summarized and presented below.
6.1. Changes in positions and job descriptions of engineers
Company A – There have been some changes in the scope of the work of engineers working in the
product-process development department. Two engineers working in this department started to work
more interactively. The engineers in the R&D department were solely responsible for product design;
now, they design processes as well as products.
Digital transformation will not negatively affect the engineering work; engineers are the luckiest
ones if they are aware of digital transformation and Industry 4.0 and can keep up with technology.
The number of engineers will not decrease in the medium term, but some departments and
positions will not be needed in the long run, such as production, quality, and production planning. On the
other hand, R&D employees will not lose their jobs.
Company B – Engineers will not suffer from digital transformation, and the number of engineers
will increase since the systems will be more complicated.
The production planning department will disappear because there is no need to plan when
everything is visible. Quality engineers will also disappear. Production engineers will not disappear in the
medium term but may disappear in the long term. Additionally, the number of maintenance engineers will
be reduced, but the number of R&D engineers will surely increase.
6.2. Education and training
Company A – The expected level of education for engineering positions will increase. They should
study for a master’s and doctorate. Industry 4.0 should be given as a lecture at universities, and
engineering students should have in-depth knowledge of some of the Industry 4.0 components.
The company’s engineers join events and workshops regarding Industry 4.0 and received
simulation training. As the company aims to increase robot investments, they provide engineers with
simulation and offline robot programming training.
Company B – Technical Academy and TechPro Academy are training programs of the company.
TechPro Academy includes modular programs, internal and external training programs, and specialized
training programs prepared in cooperation with a university. For two years, 400 white-collars have been
trained through this program, which includes courses such as supply chain, project management, and
strategic planning. The technical academy is designed to enable technicians to adapt to new technologies.
Besides, some training programs are provided in the company’s laboratory, as well.
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6.3. New skills and competencies
Company A – Engineers should be versatile and well-read people who can see the big picture.
Also, having in-depth knowledge of a technical subject like robot programming is critical. Expecting
creativity and problem-solving skills from an engineer is like expecting honesty from a person. An
engineer has to be creative and problem solver. These are not expectations but necessities.
Company B – Nowadays, everything is fast but accessible. Only desire, effort, and enthusiasm are
needed. Anyone with these features can learn everything from search engines, platforms like Youtube or
MOOCs like Udemy, Coursera, and edX.
6.4. The scope of the work
Company A – Just as there are differences between the past and present, today and tomorrow will
be different from each other. Of course, there may be changes in the scope of the work.
Company B – The biggest problem of the new generation is the uncertainties in the process, but the
digitalisation of the processes will make prioritisation and identification of job roles and tasks possible.
6.5. The value and dignity of the work
Company A – Competent engineers will take the job of engineers who do not develop themselves.
Some positions may disappear, but the value of the remaining engineering works will increase.
Company B – It will definitely increase.
6.6. Depth/breadth of technical knowledge
Company A – The depth/breadth of technical knowledge will increase. In addition, the meaning of
the concept of "technical" may change.
Company B – Yes, it will increase, but technical knowledge will be more accessible.

7.

Conclusion
In this study, by the aim of collecting information about the implications of Industry 4.0

application on engineering jobs in manufacturing, face-to-face interviews were conducted with the
managers of two white goods companies, and the effects of the fourth industrial revolution on the
engineering work and the recent changes in the work of engineers of the companies were explored. All
the questions addressed to the company managers were grouped under six topics: (1) changes in positions
and job descriptions of engineers, (2) education and training, (3) new skills and competencies, (4) the
scope of the work, (5) the value and dignity of the work, and (6) depth/breadth of technical knowledge.
When companies were asked whether there were any changes in job descriptions and positions of
engineers due to digital transformation, Company A stated that engineers started to work more
interactively. On the other hand, the fact that the department of production technologies and Industry 4.0
has been established in Company B can be considered a striking change. Besides, the interviewee from
Company B is the “production technologies and Industry 4.0 manager”; that is, there are employees and
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managers whose title is directly related to Industry 4.0 in Company B. Both companies believe that digital
transformation will not reduce the number of engineers, and even complexity may increase the number of
engineers needed. Nevertheless, those who cannot keep up with the technology, whether they are
engineers or not, can lose their jobs. Both of the managers gave the same answers to the question about
which engineering positions would eventually disappear. Production, quality, and production planning
departments may disappear over time, but there is nothing to worry about R&D engineers. Company A
believes that the level of education expected from engineers will increase and that Industry 4.0 should be
given as a course at universities. Both companies have been training engineers or, at least, encouraging
them to receive training for a while. Company B has established very systematic training programs for
both white- and blue-collars as a large corporation, but Company A encourages its employees to
participate in workshops and similar events. When asked what new competencies and skills expected
from engineers, Company A stated that engineers should be versatile specialists, while company B thinks
that only desire, effort, and enthusiasm are needed. Both companies expect changes in the scope of the
work, i.e., the number and variety of tasks. Besides, Company B considers that the digitalisation of
processes will make the boundaries of tasks and job descriptions more clear and role conflicts can be
eliminated. According to the companies’ responses, the value and dignity of the engineering work will
increase since Industry 4.0 will cause engineers who do not improve themselves to lose their jobs, and
only the successful engineers will take centre stage. Lastly, companies agree that the depth and breadth of
technical knowledge expected from engineers will increase.
The findings of the case study are parallel with the arguments and findings in the literature. As
Frey and Osborne (2017) point out, it is unlikely that engineering work will be fully computerized in the
short- or medium-term, because the engineering profession requires creative knowledge. Nevertheless,
engineers who are insufficient in terms of creative and technical knowledge should not expect an
optimistic scenario. Moreover, engineering positions in production, production planning, and quality
departments may disappear over time, as they require routine work with less creativity, as stated in the
paper of Autor et al. (2003). To lose their jobs in the short- or medium-term does not seem possible for
engineers working in R&D positions, which require higher skills and creativity. With the elimination of
routine tasks, changes in the job/task descriptions and scope of the work, and an increase in the depth and
breadth of technical knowledge are expected. Henceforward, since engineering positions will be available
only for well-educated and competent engineers, the value and dignity of the engineering profession will
increase.
This paper focuses only on the white goods sector as it is one of the three sectors with the highest
level of digital maturity in Turkey. Further research is needed in other digitally mature sectors of Turkey,
such as automotive, computer, electronics and optical products, and materials (rubber and plastic)
(TUBITAK, 2017). Besides, structured interviews were conducted with the managers of two white goods
companies in this study. In the following study, it is planned to increase the number of interviews and to
include both managers and expert engineers in the research. Finally, this research assumes that the
companies interviewed have a high level of Industry 4.0 maturity due to the fact that they operate in the
white goods sector. Expanding the scope of the next research is planned to measure Industry 4.0 maturity
levels and present current Industry 4.0 applications of the companies.
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