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Abstract: The research objective of this study is to examine the changes in technological unemploy-
ment and to evaluate Keynes’ theory based on a literature analysis concerning the fourth industrial
revolution. The methodology used in this study is a literature analysis of 86 papers published be-
tween 2011 and 2020 on topics related to Industry 4.0, the labor market, and technological unem-
ployment. The change caused by the labor market raises employment sustainability issues. Among
the goals adopted at the 2012 UN Rio+20 Conference on Sustainable Development, this study is
directly related to goals 8 and 9, and indirectly to goal 10. Research evidence suggests that the impact
of Industry 4.0 processes will reduce the amount of labor needed, bringing us closer to Keynes’
vision of three hours a day. The analysis suggests that reduced working hours will increase eco-
nomic efficiency through more intensive work. The literature is used to determine whether the trend
of reduced working hours can be interpreted as a positive or negative phenomenon. The extent of
technological unemployment is determined by the digitalization strategy of each country and the
speed of its introduction, as well as the readiness of the education system in a given country to
retrain vulnerable groups in the labor market. However, the overall picture is positive: on the one
hand, digital transformation opens up a wide range of opportunities for a more human life, and on
the other hand, from an economic point of view, digitalization will become an inescapable element
of competition by reducing marginal costs. The study’s novelty is that the effects of Industry 4.0 and
technological unemployment on the labor market are analyzed in the context of Keynes’ theory.
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1. Introduction

Significant changes are taking place in the world, which are fundamentally trans-
forming the way the economy works, and with it, many areas of human life. Continuous
technological development is an essential condition for companies to maintain their com-
petitive advantage. Throughout history, actors in different industries have always sought
to serve changing consumer needs, which have made continuous technological develop-
ment inevitable. This technological development can be examined via the example of ear-
lier industrial revolutions. However, the most significant technological and labor market
turnaround were brought about by the third and fourth industrial revolutions, whereby
computer-controlled automation was replaced by the digital transformation of the fourth
industrial revolution, wherein devices communicate autonomously along the value chain.
The spread of automation, robotics, digitalization, and the use of virtual autonomous sys-
tems has already led to an analysis of the impact on the workforce by many researchers
[1-3], the magnitude of which has been significantly accelerated by the pandemic [4,5]
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According to research on this topic, automation and digitalization are some of the
most relevant labor market topics today [6], as the technological revolution brings about
significant employment changes, the replacement of human work by robotics, and the
need for workers and companies to adapt to changing conditions, as well as its social and
economic impacts. Digitalization and the use of industrial robots are widespread; how-
ever, opinions are divided on their mass appearance, and the extent of their effects on
employees and jobs [7,8]. Most analyses report huge changes affecting up to hundreds of
millions of jobs worldwide [2,9,10]. In particular, according to the International of Feder-
ation of Robotics (IFR) [11] forecast, by 2022, nearly 4 million industrial robots may be
present in various work processes, and this number might grow by up to 13% per year.

The analytical focus of our study is to evaluate the effects on the labor market of
Industry 4.0, a term first used by the German government in 2011 when it announced its
industrial development program [12]. Based on our literature analysis, Industry 4.0 seems
more like a strong continuation of the third industrial revolution [13,14], as it is also a
product of digital technological development, but due to its expected impact on society
and the economyj, it is not an exaggeration to talk about a revolution.

A prominent place in the debate on technological unemployment in economics is oc-
cupied by John Maynard Keynes's interesting lecture, which has been a central aspect of
economic literature for almost a century. The lecture was aimed at university students and
confronted the opinions that projected the collapse, or at least the decline, of capitalism—
and the spread of socialism —as a result of the global economic crisis. Keynes wanted to
show young people that the crisis is not the result of a recession, but of too rapid an eco-
nomic transformation. “We are suffering, not from the rheumatics of old age, but from the
growing-pains of over-rapid changes, from the painfulness of readjustment between one
economic period and another.” [15]. In his presentation and subsequent study, “The Eco-
nomic possibilities for our Grandchildren” [15], he examined whether the increase in eco-
nomic performance due to technological development brings about the possibility of a
drastic reduction in working time and thus a substantial increase in leisure time. Here,
Keynes envisioned achieving a 15-hour-a-week work week for a century later, in 2030. We
are now nearly a decade from that date, and it is worth returning to this issue in light of
the events of the fourth industrial revolution. In our view, the drastic changes in Industry
4.0 do make this question compellingly relevant.

The issue of technological unemployment has been addressed in the literature in sev-
eral sub-areas [14,16-19]. Research over the past decade has analyzed the socio-economic
impacts of Industry 4.0 and their expected consequences [1-3,7,8,20], but this study differs
from previous research in that it seeks to discuss the relationship between Keynes’s theory
of technological unemployment and the fourth industrial revolution. Based on our analy-
sis, the research gap in the topic can be observed in the fact that the reasons why techno-
logical development does not automatically lead to a radical reduction in working hours
have not been revealed. At this point, our study seeks to contribute to the literature with
a gap-filling analysis.

A number of scenarios are conceivable for future trends in employment sustainabil-
ity. For example, one study [21] outlines four possibilities for the future. Of the four qual-
itative visions of capitalism developed by author [22], the Transformation and Steady
State scenarios include the positive consequences of declining working hours, Disarray
concerns the negative effects of this decline, and in the Continued Growth scenario, the
amount of working time does not decrease. Of the possible scenarios listed, the fourth is
the most likely, and thus Keynes’ vision of a reduction in labor supply will not be realized
by 2030.

The perception of sustainable employment is not uniform among sustainable devel-
opment economists either. There are serious divisions on the main question of whether an
economic transition that respects the environment means more or less work. There are
those who say that we are currently maintaining the destruction of our environment to
the very end in order to provide jobs for people, so that only less work can lead to a more
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sustainable world; while there are those who say that it will take a lot of human work to
fix the damages of the last 200 years [23]. The authors criticize sustainable development
professionals for paying too little attention to the issue of employment, even though the
two (sustainability and employment) are extremely closely related. Many environmental
efforts have been derailed by the difficulty of reconciling them with employment interests,
when proper management of the issue and adequate policy planning could avoid a con-
flict between the two areas.

Based on the research problem formulated, Industry 4.0 has triggered processes that
are likely to lead to a significant reduction in working time. Thus, based on this, our re-
search objective is to investigate technological unemployment. To this end, we seek to
evaluate Keynes’ vision and to assess the employment impact of Industry 4.0.

2. Industry 4.0: Concept and Solutions
2.1. Industry 4.0: Concept

The Industry 4.0 concept, presented at the Hanover Exhibition in 2011, attracted the
interest of manufacturers and of the scientific community as well [20]. The scientific liter-
ature defines the concept of Industry 4.0 in different ways. Some authors interpret Indus-
try 4.0 [24] as the digital integration of production processes, in which production pro-
cesses are automated, and products, devices and services are interconnected. It can be said
that this industrial revolution is driven by the internet, through which not only humans
but machines as well will communicate with each other in a cyber—physical system. An-
other view is that the development of manufacturing processes is driven by market de-
mand for more efficient technologies and processes, reductions in costs and quality stand-
ards, and technological development [25]. Industry 4.0 plays an important role in intelli-
gent data collection and interpretation, correct decision-making, and the timely imple-
mentation of both, enabling faster data collection and interpretation procedures [26].

It is an indisputable fact that Industry 4.0 is a broad concept and its content is con-
stantly changing. Industry 4.0 encompasses a diversity of technologies, systems, and pro-
cesses, and it aims to make manufacturing processes more flexible, autonomous and dy-
namic [27] and to incorporate these into a network. It uses digital and cybernetic resources
in production and industrial management environments. Fundamentally, integrated
manufacturing consists of 3D printing technologies, automation, and artificial intelli-
gence. Intelligent manufacturing aggregates the Industrial Internet of Things (IIoT),
cyber—physical systems (CPS) and virtual and augmented realities [25], and creates
smarter and more adaptive processes through better use of production resources [28]. The
definitions presented agree that Industry 4.0 will transform the entire corporate value
chain, with impacts that will go beyond the organizational framework and have an impact
on the global job market as well. The authors of this study commit themselves to the def-
inition that Industry 4.0 encompasses automation, robotics, artificial intelligence, and In-
ternet of Things (IoT) in services and manufacturing, and will result in systems that blur
the boundaries of the real world and virtual reality, which will be connected by cyber—
physical production systems (CPPS). Industry 4.0 cannot be described in one word; how-
ever, the literature often uses the terms digitalization or digital transformation [29,30].
Thus, based on this literature, these terms are also used as a synonym for Industry 4.0 in
this study.

2.2. Industry 4.0. Smart Solutions

The continuous development and adaptation of various new technologies are essen-
tial to maintaining the competitiveness of companies. Some technological advances are so
significant that they alone can change the rate of normal economic growth. These are de-
scribed in the literature as general purpose technologies (GPTs) [31]. Steam power, elec-
trical energy, the combustion engine, and the internet are all such GPTs.
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Today, Info Communication Technologies (ICT) is one of the most outstanding ex-
amples of this, but Industry 4.0 itself incorporates a wealth of smart technologies that,
while not as far-reaching as the examples mentioned earlier, may prove essential to the
development of companies.

Industry 4.0 has six main principles: virtualization (virtual replicas of physical tasks
as digital data), interoperability (connecting machines via the internet, enabling them to
communicate with each other, and with humans), decentralization (autonomous decision-
making ability of interconnected systems), real-time capacity (simultaneous flow of infor-
mation between systems, for better and quicker decision making), service orientation (the
ability of the system to provide services and functions to stakeholders), and modularity
(adaptation of systems to possible changes or errors, addition or replacement of opera-
tional modules) [1,32].

Different solutions related to Industry 4.0 can contribute to these principles in differ-
ent ways, which can result in companies becoming more competitive. Such solutions in-
clude the use of RFID (radio-frequency identification) chips and readers in the field of
supply chain management (SCM) [33], which can support the operation of manufacturing
companies by reducing unreliability and reusing products and components, monitoring
inventories, and eliminating demand uncertainty [34]. They also include applying auto-
mated control guidelines to alleviate imperfect manufacturing processes, which can in-
crease supply chain management flexibility [35], and reduce the production of defective
products, the sale of which can harm a company’s image. In such a system, the entire
quality control process is performed by machines, as a result of which the production of
defective products can be further reduced [36,37].

Some remarkably important innovative solutions for Industry 4.0 (or automa-
tion/digitization) are the Internet of Things (IoT), cyber—physical systems (CPS; the inter-
connection and coordination of various physical processes and IT solutions, in which var-
ious processes are controlled and monitored by algorithms [38]), and the increasingly pop-
ular 5G technology, which can also play an important role in the operation of these sys-
tems. Adapting 5G technology can give a huge boost to the proliferation and operation of
smart factories as it provides much stronger transfer rates and lower latency [39]. In addi-
tion, it is important to mention Big Data and Big Data analytics, artificial intelligence,
cloud-based solutions, different virtual and augmented reality solutions, and cloud-based
technologies, which to varying degrees can all contribute to the development and diffu-
sion of Industry 4.0 solutions. In addition, it is important to mention the growing im-
portance of cybersecurity, as the vulnerability of these complex, interconnected systems
can result in huge damage, data leakage, and partial or even complete downtime in the
event of a cyber-attack on a company.

3. Method
3.1. Research Questions

The aim of this research, based on a literature analysis, is to investigate the changes
in technological unemployment and to evaluate Keynes’ theory.

In order to achieve our research goal, we sought answers to the following research
questions:

RQ1: Why has Keynes's vision of three-hour working days not been fulfilled so far, and
why do we presume that, based on the current processes of Industry 4.0, it will be —
at least partially —fulfilled by 2030?

RQ2: What are the possible positive and negative future scenarios related to Industry 4.0?

3.2. Information Retrieval and Selection Strategy

The research was based on a literature analysis of studies published in the context of
Industry 4.0 and labor market changes.
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As a first step, keywords and bibliographic databases were identified. A Web of Sci-
ence database was used to collect the keywords most frequently used by researchers in
the field in their publications (Industry 4.0, digitalization, Keynes, labor market, employ-
ment, unemployment). The Web of Science database was chosen due to its wide scientific
coverage. In addition, Web of Science is a multidisciplinary database and indexes the most
cited journals in each field, providing tools for bibliometric data analysis. In addition, Web
of Science is recognized worldwide as one of the main sources of information, both aca-
demic and general bibliometric [20].

As a second step, test queries were conducted to finalize the study period and key-
words. After testing the keywords, they were refined because the test queries resulted in
a low number of hits, which highlighted the lack of research on the topic. The term Indus-
try 4.0 was first used by the German government in 2011 [12], so we linked the time inter-
val for the compilation of the literature database to this date. In addition, the secondary
literature (grey literature) was searched in Google Scholar.

As a third step, a macro bibliometric analysis was performed on the Web of Science
and EBSCO databases for the period 2011-2020 using predefined keywords and their syn-
onyms (industry 4.0 or industrie 4.0 or fourth industry revolution or digitalisation or dig-
italization and labour market or labor market or employment or unemployment or
Keynes). The search strategy resulted in 628 records, from which studies other than Eng-
lish were excluded (n = 108).

As a fourth step, the literature was collected, and the articles found were sorted using
a reference manager (Mendeley) (n = 520).

The fifth step was a multi-level content evaluation of the collected studies (title, ab-
stract and content). Based on the content analysis of the title and abstract, 275 studies were
excluded. For the final analysis, we selected studies from the Web of Science database
sources that showed evidence of a research context analysis. After screening, the authors
reviewed 245 full-length articles, of which 40 were included in the qualitative assessment
after screening. In addition to the publications included in the qualitative assessment, gray
literature sources were included, resulting in a total of 86 literature sources processed in
our study.

3.3. Bibliometric Analysis

The aim of this chapter is to present the results of the basic bibliometric analysis of
the literature selected on the basis of the search strategy, during which the year of publi-
cation, the ranking of journals and the country are taken into account.

The scientific value of the studies is determined by the ranking of journals in which
they are published. The ranking is basically suitable for showing into which quarter a
journal falls in a given field’s ranking. This international ranking process distinguishes
four main categories (Q1, Q2, Q3, Q4). Figure 1 shows the distribution of studies partici-
pating in the bibliometric analysis by year of publication and ranking. Of the studies ex-
amined, 37 were scientific journals and 3 were full-length conference proceedings.
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Figure 1. Distribution of the examined studies by year of publication and ranking.

In the examined time interval (2011-2020), the majority of publications (40/34) were
published in or after 2017, in increasingly higher-quality journals. The majority of the
studies evaluated (40/32) were published in qualified journals. Based on the table, it can
be stated that the majority of the studies were published in Q1/Q2 journals. Of the quali-
fying journals, a noteworthy share have Q1 ratings (40/17). The journals are assessed as
relevant based on their quality and field of expertise, and contain valuable scientific re-
sults.

An important content element of the bibliometric analysis is the territorial delimita-
tion of the examined publications. The sample characteristics of the studies involved in
the quality assessment are presented in Table 1.
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Table 1. Distribution of the studies by authors and countries.
Authors Location Number of
Study
Grigoli et al. (2020); Taylor (2020); Glaveski (2018); Sharma et al.

(2020); Lee et al. (2016); Lee et al. (2014); Graetz and Michaels USA 8

(2018); Weldon (2018)
Chen et al. (2020); Cui et al. (2020); Liu et al. (2017); Zhou et al. China 4

(2016)
Eichhorst et al. (2017); Johansson et al. (2017) Germany 4
Albers et al. (2016); Jager et al. (2016)
Habanik et al. (2019); Vojtovic, and Krajnakova (2013); Novakova Slovakia 3
(2020)

Da Silva et al. (2020); Tortorella and Fettermann (2018) Brazil 2
Kamerade et al. (2019); Frey and Osborne, 2013) England 2
Zemtsov (2020); Vinichenko et al. (2020) Russia 2
Sima et al. (2018) Tiirkes et al. (2019; Romania 2
Hat and Stoeglehner (2020) Austria 1
Moeuf et al. (2018) France 1
Ziaei Nafchi and Mohelska (2018) Iran and Japan 1
Danaher (2017) Ireland 1
Kim et al. (2017) Korea 1
Piatkowski (2020) Poland 1
Banyai et al. (2019) Hungary 1
Ghislieri et al. (2018) Italy 1
Sanchez (2019) Spain 1
Hofmann and Riisch (2017) Switzerland 1
Bokrantz et al. (2017) Sweden 1
Fergnani (2019) Singapore 1
Krykavskyy et al. (2019) Ukraine 1

The studies examined during the analysis period present current research results
from a total of 24 countries. Of all the articles, 8 present the results of research conducted
in the United States, and 4 each in China and Germany. In terms of the geographical loca-
tion of recent research on the topic, the US is predominant. The data in the table show that
research on this topic is at the center of interest for researchers around the world.

4. Results and Discussion
4.1. Theoretical Aspects of the Labor Market Situation in the 2020s
4.1.1. Theoretical Contexts of the Necessity of a Reduction in Working Time

The ultimate goal of economic activity and, interestingly, its reduction—in our case,
the reduction in working hours—is to achieve happiness and, to a lesser extent, satisfac-
tion. Happiness, in the Greek sense of eudaimonia, is the desirable result achieved by sat-
isfying the many needs of the individual [40]. Happiness would be a “straightforward
process” if only rationality would prevail in our lives. But this is not the case, because
limited rationality rules our lives [41]. The power of rational thinking is limited; moreover,
it changes over time, and within given individuals.

Immoderate greed and overconsumption compared to our needs deprives people
from the feeling of satisfaction. Since in this case, we cannot order our senses to stop, we
cannot appreciate what is sufficient, since it makes our wealth- and income-demand un-
fettered [42].

Researchers at Cambridge University determined that 8 h of work a week are enough
to avoid the negative effects of unemployment. In addition to the generally well-re-
searched effects of unemployment in general, this research is significant because it



Sustainability 2021, 13, 7703

8 of 19

assesses exactly how much work needs to be done to ensure that these negative effects do
not materialize. Exaggerated working harms people, which is especially relevant in Japan
and other Eastern Asian countries [43].

An interesting experiment took place in Japan last year: Microsoft shifted to 4-day
work weeks on an experimental basis, and the results were positive in every aspect. The
productivity of the 2300 workers increased by 40%, energy usage fell by 23%, and paper
usage decreased by 59%; 92% of workers were satisfied with the experiment and would
like to continue working on a 4-day basis. The place of the experiment is especially rele-
vant, because Japan is famous for its strict work culture [44,45].

The fourth industrial revolution raises a contradiction, according to which there are
countries, regions and communities that have enough wealth and income to lead a com-
fortable lifestyle, but instead, the individuals of these communities often spend their lives
undertaking hard work. This contradiction brings a famous saying of Epicurus to our
minds: “Nothing is enough for the man to whom enough is too little.”

The labor market is, by its nature different, from the commodity market and the cap-
ital market. In the latter case, after the purchase—apart from a quality objection—the
transaction closes, but in the case of the labor market, it is the opposite —the agreement of
employment marks the beginning of the process, not the end of it. The motivation of the
employees is a key issue. If the employee feels that his or her wage is too small, he or she
will not act motivated in the workplace. This leads us to the main thesis of effective wage
theory: employees will pay a wage that is higher than necessary, so that employees would
feel privileged to work there, and they would identify more closely with the goals of the
company [46]. This bigger than necessary —or greater than the market equilibrium —re-
muneration is the main cause of unemployment. On the other hand, our society thinks of
work as a moral obligation. Most people who are actively looking for work but cannot
find any are still judged by society —not in a legal, but in a moral way.

There is a wide range of social arrangements wherein unemployment is also pun-
ished legally. In socialist societies, this was known as “publicly dangerous work avoid-
ance”. This social arrangement produced latent or “indoor unemployment”, as opposed
to the “outdoor unemployment” phenomenon of capitalism. It is also a common feature
that the individuals condemn and devalue themselves, their self-esteem decreases, and
their social relations weaken as a result. In his world-famous research, Nobel Prize winner
Krugman placed not GDP decline, and not inflation, but the increase in unemployment at
the heart of the 2008 financial crisis. “It’s clear, that the focus of our research is involuntary
unemployment” [47].

Within the phenomenon of unemployment, he also analyzed its numerical progress,
but in his words, this indicator is “unable to seize the extent of human suffering” [47].
Based on his calculations, 40% of families in the United States suffered from the effects of
shorter working hours, or lower income during the 2008 financial crisis. In the chapter
named “lives destroyed”, he thoroughly analyzes the different long-term negative societal
effects caused by involuntary unemployment. People who stay too long without a job will
be deemed unfit to work, sooner or later. The individual’s happiness fractures, since our
happiness greatly depends on knowing that we can keep our life together. That is, invol-
untary unemployment causes anxiety and depression. In addition, it also changes our so-
cial habits, forcing young generations to stay with their parents, which in Krugman’s
words is “almost unbearable for young people” [47].

Automation and replacement of the human workforce is not a new phenomenon. In
the modern age, automation processes began during the Industrial Revolution. However,
the perception of the consequences of these processes has changed significantly with In-
dustry 4.0. Previously, when the technology of a sector of the economy was renewed
through automation and this caused an increase in unemployment, this trend was consid-
ered temporary, but in the era of digitalization, this might be different. Riskbank’s analysis
shows that as the economy expands, new job opportunities will be created for those who
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have lost their previous jobs. Thus, overall, technological advances have not destroyed
more jobs than they have created [48].

However, the impact of technological and digital development on unemployment
has changed recently. Over the past few decades, rapid advances in technology have made
infocommunication products cheaper, and as a result, made innovative technologies more
economically attractive compared to the use of human labor.

From a technological point of view, recent innovations make it possible to replace
more and more types of work. Many experts expect this trend to continue or accelerate.
In an extreme case, over the next 20 years, it will be possible to replace half of the current
human workforce with digitalized technology. Based on the findings of this study, the
faster technology advances, the harder it will be for the workforce to adapt to change [48].
As a result, it is not a statutory claim that technological development creates at least as
many jobs as it eliminates. A scenario in which unemployment caused by technology be-
comes an increasingly common phenomenon is more likely. Not only will the digital
transformation have a significant impact on the labor market, but if the earlier statement
comes true, a wider range of economic agents may experience downward pressure on
wages, which may have a dampening effect on inflation.

4.1.2. The Theoretical Relationship between Industry 4.0 and Unemployment

Based on recent trends, and the lessons learned from earlier industrial revolutions, it
is safe to say that a workforce disruption caused by Industry 4.0 is inevitable. Every in-
dustrial revolution brought increasing efficiency and productivity. With recent technolog-
ical advancements, automation solutions have become cheaper and better. According to
some researchers [49], this pushes the human workforce out of more and more jobs [50],
which can lead to a phenomenon envisioned by Keynes and known as “technological un-
employment” [15,51]. This theory says that technological advancements will replace hu-
man jobs faster than we can create new ones [15,52,53].

Many authors stand by the disappearance of jobs and the decrease in human work
(Table 2), but their estimations differ in terms of the extent and speed of the negative ef-
fects [9,10,54]. Today, 50% of all work-related tasks can be automated with available tech-
nologies. There are only a few jobs (less than 5%) that consist of tasks that cannot be auto-
mated at all; meanwhile, in 60% of jobs, one-third of the tasks can be replaced by technol-
ogy [9]. Technological advancements will no doubt make some jobs disappear in the short
run [54], but based on the forecasts, structural unemployment seems drastic, although
advancements can lead to serious consequences for both low-skilled and high-skilled
workers [55,56].

In contrast, other research papers mention positive changes related to the spread of
automation (Table 3). In the researchers’ interpretation, the maintenance of human health
will provide a greater benefit in the long run [57]. The mentioned benefits of automation
are the replacement of dangerous and hazardous jobs, lower costs, better quality, in-
creased safety, and environmentally friendly solutions [58]. According to some view-
points, workforce automation does more good than harm, because machines are taking
over tasks that are potentially dangerous or unhealthy for humans, such as welding or
automotive painting. Beyond these points, some jobs or tasks could also be complemented
by technological solutions, such as using virtual reality for training to reduce potential
accidents to zero, or even enforcing sensor-driven quality control along production lines,
which replaces a monotonous job [11,57,58,59].



Sustainability 2021, 13, 7703

10 of 19

Table 2. Negative effects of Industry 4.0.

Authors

Negative Effects

Frey and Osborne (2017) [55]

Increasing structural unemployment and inequality

Manyika (2017) [9]
Nedelkoska and Quintini (2018) [10]

Decreasing job opportunities

Bokrantz et al. (2017) [60]

Lack of skilled people for the changing labor market

Gordon (2012) [61]

A slowdown in global economic growth

Manyika et al. (2017) [62]

The disappearance of 800 million jobs by 2030

Weldon (2018) [55]

Short-term job losses

Jager et al. (2016) [63]
Krykavskyy et al. (2019) [64]

New skills and training requirements
Changes in the professional profile

Source: systemization by the authors.

Table 3. Positive effects of Industry 4.0.

Authors

Positive Effects

Keynes (1930, 2010) [15,51]

An increase in free time

Danaher (2017) [57]

Replacing human work with technology does not
necessarily lead to a decrease in employment oppor-
tunities.

IFR (2017) [11]

Rising productivity, increasing competitiveness The
creation of new jobs

Ghislieri et al. (2018) [58]
Banyai et al. (2019) [65]

Economic and environmental aspects: higher qual-
ity, better safety, environmentally friendly solutions
replacing hazardous or dangerous jobs

Oxford Economics (2019) [66]

Cost reduction

Manyika et al. (2017) [62]

Labor market restructuring towards the tertiary sec-
tors, with a possible increase in overall number of
jobs.

Albers et al. (2016) [67]
Moeuf et al. (2018) [68]

Improving product quality and competitiveness

Source: systemization by the authors.

4.2. Labor Market Implications Linked to the Digital Revolution
4.2.1. The Practical Impact of Industry 4.0 on the Labor Market

In this chapter, our aim is to assess the medium- and long-term effects of Industry 4.0
on the labor market and to support Keynes's vision for 2030, and —if necessary —to per-
form a revision and correction of Keynes's vision.

Nowadays, it has become clear that technological change can replace the work pro-
cesses performed by certain people, as well as affecting the structure of employment and

the level of unemployment.

While the world’s population is growing dynamically, employment levels are on a

declining trend, which can only be offset by dynamic growth in the service sector.

There has been no significant employment growth in the industrial sector over the
last three decades (+1.28 percentage points); it is operating at almost the same level, while
at the same time world GDP has increased sixty-fold. Even these data predict the impact
of changes in the primary market on automation and digitalization solutions in the indus-
try.

Economic and social changes in the world (increasing consumption, overproduction,
accelerating obsolescence, etc.) also strengthen this process, i.e., growing consumer de-
mand drastically affects the growth of output of corporations with a stagnant level of em-
ployment.

Industrial revolutions cannot be separated from each other at a specific point in time;
rather, the current industrial revolution is a continuation of the previous one. The data



Sustainability 2021, 13, 7703

11 of 19

also show that the economic and financial crisis of 2008 had a significantly greater impact
on employment than the fourth industrial revolution, which started in 2011. It is easy to
see from global labor market data that crises can trigger or exacerbate different economic
processes. Employment in the productive sectors (industry, agriculture) is likely to con-
tinue its downward trend in the coming decade, despite the conjuncture of the 2010s.

This change further reinforces the question of how labor that became redundant in
the productive sectors can be reinstated in the future, and what absorption capacity the
service sector has to offer to assimilate industrial labor surpluses. Nevertheless, we can
assume that digitalization will have a number of positive effects on human life, especially
on quality of life. In spite of all this, the number of jobs replaced by digitalization, and the
economical and mental effects of this phenomenon, are also not negligible [69].

It is clear that the latest technological developments in digitalization solutions—
cyber—physical systems, Big Data, Internet of Things, cloud computing and robotics—are
having a negative impact on people’s employment opportunities [70-72]. Several studies
have shown a worrying decline in low- and middle-income employment resulting from
the replacement of the human workforce with technologies [73,74]. For example, the man-
ufacturing sector, which is currently the industry most effected by digitalization, suffered
a loss of 1.7 million jobs worldwide between 2010 and 2016. If this trend continues until
2030, as much as 20 million jobs could disappear, thanks to digitalization, which means
an 8.5% loss of jobs in the sector. The effects of lost jobs will vary from country to country,
but it will affect less educated workers and the poorer countries the most, meaning a two-
fold greater loss compared to richer countries [66].

The emergence of technological unemployment in the fourth industrial revolution is
striking, as the pace of development of current automation technologies and science is
exceptional; ordinary people have never experienced such changes [33] and rightly feel
their lives are in danger.

We accept the viewpoint that labor markets keep gradually adapting to these changes
[75] and that the economic growth of the world keeps slowing down, and even technolog-
ical changes cannot offset the hunger for profit [61]. Additionally, the governments of dif-
ferent countries have a varying degree of interest in accelerating or slowing the spread of
automation [76].

Government intervention and policy changes can help reduce the impact of techno-
logical development, and it must be considered in the future that a significant proportion
of occupations are being transformed [73], to which members of society need to adapt.

Nonetheless, the trend of automation will likely continue, and different technologies,
especially advances in artificial intelligence, machine learning, and machine-to-machine
communication, will endanger a growing number of jobs and tasks. Moore’s Law, which
states that the computing capacity of computers doubles every 18 months, strengthens
this even further. As different technologies that can replace human work become more
advanced, more economically viable, and cheaper, more and more companies will choose
to use them, both for cutting costs and for raising productivity [66].

Mapping the workforce changes of our times is a huge task for the researchers on the
topic, because the spread of these changes is affected by many factors —for example, eco-
nomic feasibility, legal frameworks, acceptance and preparedness of both companies and
the workforce, and advances in different technologies —and no single study can give us
all the answers. However, recent studies can provide us with useful information. The 2017
research conducted by the McKinsey Global Institute highlights the often-mentioned job
disappearances, but also focuses on the potential new jobs that could be created, offering
a new point of view on the topic of workforce changes, and showing the possible positive
effects alongside the negative ones. The research shows that as many as 300 million new
jobs could be created worldwide, resulting from increasing consumption and the aging of
societies alone, by 2030, which would greatly vary from country to country, based on level
of wages, raising incomes, demographical tendencies and the composition of the economy
[62].
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4.2.2. Labor Market Vision and Challenges

In relation to the employment effects of Industry 4.0, researchers point to two possi-
ble trends: massive technological unemployment in the future, and a shift of the workforce
to new jobs with digital tasks and skills. The first approach is referred to in the literature
as substitution-digitization, which forecasts the inevitability of massive technological un-
employment due to the impact of new digital technologies and the loss of significant em-
ployment. The second alternative approach is called task-digitalization [18]. Digitalization
does not eliminate entire occupations but specific tasks within jobs, eliminating some jobs
and creating new ones, thus increasing global employment figures. It is necessary to un-
derline that both scenarios coincide with the emergence of losers and winners resulting
from digitalization.

An important question for our future, then, is how well-prepared countries” educa-
tion systems are to meet the significantly changing needs of the workforce as the contents
of professions are transformed. Based on predictions, technological spending is expected
to rise by 50% between 2015 and 2030, resulting in the creation of 20 to 50 million new jobs
worldwide, which would also help to offset the effects of Industry 4.0. These would be
new and novel high-end jobs, such as Big Data analysts and machine learning specialists
[77].

The future changes in unemployment are difficult to determine, as they are shaped
by the combined effects of several factors and are strongly cyclical in nature. The employ-
ment impact of Industry 4.0 has the most negative effects on the physical workforce in the
productive sectors. Based on the data, we can see that the unemployment rate of those
with a low level of education remains persistently high, and that this vulnerable group of
workers is likely to be hit hardest by Industry 4.0, while workers with higher education
are more characterized by a declining unemployment rate.

Nonetheless, we cannot ignore trends such as taking care of the elderly in aging so-
cieties, handling climate change and energy efficiency challenges, or providing goods and
services to the growing consumer class, as well as the advancement of technology, which
can all lead to the creation of new jobs. Jobs created by these trends even have the potential
to completely offset the jobs lost to digitalization.

It is expected that the positive effects of Industry 4.0 solutions will continue to dom-
inate in the future, but negative labor market changes will nevertheless be dominant. With
large-scale technological advances, as much as 375 million people—14% of the global
workforce—could be forced to look for a totally new occupation. The estimation for the
total number of jobs lost stands at 800 million globally by 2030 [9]. One of the key issues
for the future is the social impact of the redundant labor force. The question arises as to
how to provide them with decent employment in 2030 in order to avoid deep poverty.

We can expect that in addition to the economic effects of different technologies, there
will also be significant changes in the structure of the labor market. An example from the
past is the agricultural sector of the United States, which in the 1850's employed 58% of
the American workforce. Today, this proportion is under 2% [9]. Back then, workers who
lost their jobs in agriculture moved to cities, and found jobs in factories, so this shift did
not lead to huge unemployment, because workers were able to easily find new jobs that
did not require much training or education. However, for the workforce changes of the
near future, things might not be the same. Automation could also lead to economic
growth, contributing 0.8 to 1.4% of growth to global GDP annually, if displaced workers
are to return to the workforce quickly [9].

Most likely, there will not be a sufficient labor supply to fill the new kind of jobs
created by technological advancements, because the occupational skills of people ex-
cluded from the labor market will be obsolete and the learning motivation of low-skilled
individuals will be low.

As a result of this, technology-related unemployment will be replaced by structural
unemployment in the medium-run, because employees leaving the workforce will not be
able to learn a new occupation.
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Alongside the job terminating effects of new technologies, it is important to talk
about their job-augmenting possibilities. Workplaces that use a responsible digitalization
strategy will not use these new technologies to displace workers, but to integrate the new
possibilities into their employees” work, to complement it and optimize it, and with it not
only making work easier, but also increasing the value added by individual employees.
For this to work, companies should not focus on automating each and every possible work
task, but only the repetitive routine tasks, and for the more complex tasks, they should
use the available technologies to enhance the work done by their employees [77].

Other research papers also confirm this possibility, by distinguishing between au-
tomatable tasks, which can be replaced by different technologies, and augmentable tasks,
which can be enhanced by various technologies. The research also talks about how these
two phenomena can affect different workers in different positions: digitalization can
greatly affect those who work in less complex, more routine occupations, with low to me-
dium levels of education. Jobs that are more complex than these, which usually require
higher education, could be affected mostly by augmentation [77]. Augmentation can sur-
face through different channels in the workplace; for example, using virtual or augmented
reality during various tasks, as well as during training and education, which is an ap-
proach that will increasingly benefit from new technologies [11]. Another possible effect
of Industry 4.0, alongside a decrease in global working hours, could be the different levels
of work being done by different groups. With a more even distribution of working time,
groups that had a high workload will have fewer opportunities to work. The extent and
trend of declining working hours over the past three decades also predicts this tendency
(Figure 2), but there is no clear link between the reduction in working time and the digi-
talization effect.
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Figure 2. Average number of usual annual hours of work in total employment. Source: Own calculation based on OECD

data [78].

The speed at which robotization and digitalization spreads can also be a huge factor
in mitigating the challenges that workers might face in a changing workplace. Some argue
that if Industry 4.0 technologies spread at a steady level and speed, workers will have an
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easier time adjusting to the new labor market conditions, and they will have an easier time
picking up new skills to re-enter the workforce after being displaced [79]. However, the
argument needs to be complemented by the fact that one of the prerequisites for the de-
velopment of worker adaptability is the level of preparedness of the education systems in
each country to provide up-to-date training for those entering and leaving the labor mar-
ket.

Companies predict a shift in the tasks done by humans compared to the tasks done
by robots in the near future. According to the research conducted by the World Economic
Forum in 12 industries, 71% of tasks are done by humans today, with 29% being done by
robots. The forecast for 2022 predicts tasks done by humans will fall to 58%, and tasks
done by robots will rise to 42% [77]. These workplace rearrangements can put huge pres-
sure on workers, who need to adapt to the new kinds of emerging tasks and jobs. Based
on these predictions, 54% of workers will need further training or re-training by 2022; 35%
of those affected will only need a training program of 6 months at most to be able to adapt
to the new workforce situations, but 10% of them could need training of at least a year,
which is a long time for those who want to re-enter the workforce [6,77].

Jobs related to technological advancements could also see an increase. New job open-
ings are expected in positions such as computer scientist, engineer, system administrator,
and so on. Overall, most of the new jobs created will require a higher level of education.
Based on predictions, nearly half of all the new job openings in the European Union will
fall into this category [80]. Jobs mostly affected by digitalization may include the follow-
ing: cashier, office clerk, restaurant assistant, dishwasher, agricultural machine operator,
driver, etc. However, with the advancement of algorithms, many jobs may be put in dan-
ger in finance and accounting too [9]. From this, we can see that the group of affected jobs
is quite wide-spread, and most of them fall far from the sectors that could see the greatest
numbers of new jobs created, meaning that it would be extremely beneficial to create a
framework that would help affected workers to gain the skills and training necessary for
newly created jobs. A study conducted by the Institute for Public Policy Research states
that the current trend of automation —which mostly affects middle-wage, middle-skill
jobs—will shift, and will significantly affect low-wage jobs, which makes the retraining of
low-skilled workers a necessity [81]. This structural change in training and employment
is strengthened by the fact that jobs mostly affected by automation usually require lower,
or a medium level, of education, while the least automatable jobs mostly require higher
education [3,82].

5. Conclusions

This study sought to answer the research questions formulated at the outset of the
research, based on information from the literature. Literature sources were explored pri-
marily using the Web of Science database, supplemented by secondary literature sources.
A bibliometric analysis of the literature, finalized on the basis of a Web of Science database
search strategy and sing specific selection criteria, was carried out. Based on the biblio-
metric analysis, it can be concluded that the literature on the researched topic suggests an
increasing trend, and that higher-quality journals are covering the topic year by year.
Based on the analysis, the dominant research location for the topic appears to be the
United States; however, the topic is being researched in many countries around the world.

5.1. Evaluation of Keynes’s Theory

The research goal of our study was to investigate technological unemployment based
on Keynes's theory. To this end, we assessed why Keynes’s vision of three hours of work
per day has not been realized so far, and why we assume that, based on current processes
in Industry 4.0, it will be realized, at least in part, by 2030.

One of the novelties of our study is proven by the fact that Keynes’s work has been
linked to technological unemployment in the literature, but not to Industry 4.0 processes.
Based on the initial search strategy used in the Web of Science database, the combination
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of the keywords “Industry 4.0” and “Keynesian Theory” did not yield any results. With a
novel approach to our research, we have linked these three concepts: Keynes’ 1930 vision,
technological unemployment, and Industry 4.0.

In order to answer the research question, we addressed the fact that the vision of the
three-hour working day has not been fulfilled in the past 90 years, and in connection to
this, we analyzed the current situation of the labor market (2011-2020).

Based on literature analyses, it can be concluded that Industry 4.0 has initiated pro-
cesses that are likely to lead to a significant reduction in working hours [13,14]. As a result
of this process, the amount of manpower required is reduced, bringing us closer to
Keynes’ three-hour-per-day vision. The result of our study is that we have processed not
only theoretical but also practical examples so as to demonstrate that reduced working
hours increase economic efficiency through more intensive work.

Several authors have argued that the level of technological unemployment is already
significant [13], which is not supported by our research. Based on both theoretical and
practical experimentally introduced labor reduction experiments [43,44,83], the amount
of labor required will be significantly reduced by 2030, i.e., the phenomenon of technolog-
ical unemployment is a real threat. Based on our research, the extent of technological un-
employment is determined by each country’s digitalization strategy and the speed of its
adoption, as well as the extent to which the country’s education system is prepared to
retrain vulnerable labor market groups.

5.2. Assessing the Impact of Industry 4.0

In the context of the second research question, we looked at the possible positive and
negative scenarios of Industry 4.0. We sought to address whether the literature evaluates
this trend positively or negatively. Based on the analysis of the literature, two main groups
can be identified. The first group sees the process of economic performance growth due
to technological development as a clearly positive phenomenon. The most famous re-
searcher of this group —and the most important stimulus for the research question of our
study —is Keynes, who examined a question corresponding to our research question in
his study. In his study, he explained that technological progress is creating the possibility
of a drastic reduction in working time and thus a huge increase in leisure time. Keynes
wrote this work in 1930, and envisioned this state being reached in a hundred years, in
2030. In Keynes’ view, the trend towards a reduction in required working time is clearly
positive, and a reduction in working hours creates the conditions for a more liveable, more
human existence. The positive effects of digitalization can also be seen in some dimensions
of sustainability. Some authors highlighted environmentally friendly solutions [58],
higher product and service quality, and the replacement of unhealthy and monotonous
jobs [65,67,68].

The second group within the literature clearly evaluated this process as a negative
trend, i.e., a decrease in the amount of work done causes disadvantages to humanity
[9,10,54]. As a consequence of this process, the negative, destructive tendencies of idleness
will prevail, which will be expressed in the aggressiveness of society (specifically, of cer-
tain groups). Other authors have identified the needs to change professional profiles [64]
and develop new skills [63] as problems.

Of course, authors in economics literature do not take a black-and-white view of the
process, but rather stand between these two extremes. Everyone interprets this process as
the result of both positive and negative effects, but in our classification, we have grouped
the opinions that emerge as the result of opposing predictions.

The opinion of the authors is closer to that of the first group. The current digital trans-
formation provides humanity with the opportunity to reduce working hours, and the
meaningful use of increased leisure time will be one of the key challenges of the near fu-
ture. There is no doubt that for certain groups in society, at certain times, this search for a
path will be a bitter one, probably with many —hopefully temporary —setbacks, as well as
despair and uncertainty. However, the whole process can be viewed positively: on the
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one hand, digital transformation opens up a wide range of opportunities for a more dig-
nified life, and on the other hand, from an economic point of view, digitalization will be
an unavoidable element of competition, reducing marginal costs.

5.3. Limitation and Future Research Directions

The current study, based on a literature analysis, sought to answer why Keynes’ vi-
sion of three hours of working time per day has not been fulfilled so far, and why it can
be assumed that, based on the current processes of Industry 4.0, this could be achieved by
2030. To answer the research questions, future scenarios and possible threats were ana-
lyzed. Following this objective, the study was limited to the literature found in research
databases based on a predefined search strategy, and to grey literature sources that were
identified during the literature review and that helped to elaborate on the topic. In order
to ensure that the fulfilment of Keynes’ vision in the context of Industry 4.0 can be dis-
cussed with perspective in the present study, a total of 86 peer-reviewed sources were
assessed. The literature on the relationship between Industry 4.0 and technological unem-
ployment has been less developed. The literature reviewed generally describes the em-
ployment effects of Industry 4.0 in broader labor market terms [6,14].

Due to the complexity of the topic and the significant economic and social impacts of
Industry 4.0, further research is needed. In the period under review, the authors did not
give a clear picture of the future of employment or address the effects of the reduction in
working hours on the future. Consequently, further research is needed to address the
modeling of factors influencing changes in working time [84], the development of human
capital in the context of Industry 4.0 [20], and the development of a system for a human-—
machine division of labor [85] based on empirical data. From a research methodological
point of view, two possible approaches can be formulated. On one hand, scenario-based
research can be valuable [86] to help policy-makers to envision the impact on employment
of Industry 4.0, and thus support strategic planning to establish the restructuring of em-
ployment in different countries. On the other hand, based on empirical data, we should
assess the readiness of the population, and their willingness to retrain and obtain new
skills [13], if decision-makers want to reduce the risks of the substitution effect of digital-
ization and promote sustainable business models [1] to which Industry 4.0 solutions can
contribute.
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