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Digital transformation is the driving force of the present and near
future. Scientific and technological advances make digital trans-
formation change not only societies and businesses, but also en-
tire national economies. This digital transformation is also re-
ferred to as the so-called fourth industrial revolution (Industry
4.0), which is in terms of technological progress directly follows
previous industrial revolutions. All previous industrial revolu-
tions influenced the labour market and changed the nature of the
professions. That’s why the primary goal of this paper is to anal-
yse the impact of Industry 4.0 on the labour market. In order to
achieve this goal we have analysed the work of several authors
and studies and enhanced it with the analysis of our own. Our
own research was dedicated to answering the research question:
Does the fourth industrial revolution have the same impact on
employment in the same sectors of the national economies of the
selected countries? In order to answer this question we used the
correlation analysis to measure correlation coefficients between
risk of job automation and employment in sectors of agriculture,
services and industry in selected oecd countries. The main con-
clusions drawn from this paper are that risk of job automation in
countries increases when their employment in sectors of agricul-
ture and industry is relatively high and on the other hand this risk
decreases when employment in sector of services is high.
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Introduction

Digital transformation is the driving force of present and near future.
Scientific and technological advances make digital transformation
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change not only societies and businesses, but also entire national
economies. The term digital transformation is often associated with
the fourth industrial revolution. All previous industrial revolutions
influenced labour market and changed the nature of the professions.
This is also the case for the fourth industrial revolution.

Literature Review

The fourth industrial revolution follows three previous industrial
revolutions. The first industrial revolution was triggered by the con-
struction of railroads and the invention of the steam engine, which
ushered in mechanical production. The second industrial revolution
made mass production possible and was fostered by the advent of
electricity and the assembly line. Third industrial revolution pre-
ceded fourth industrial revolution and is usually called the computer
or digital revolution because it was catalysed by the development of
semiconductors, mainframe computing, personal computing and the
internet (Schwab 2016).

The term ‘fourth industrial revolution’ originally initiated in Ger-
many and is also frequently referred to as Industry 4.0. Industry
4.0 can be defined as the integration of complex physical machin-
ery and devices with networked sensors and software, used to pre-
dict, control and plan for better business and societal outcomes (In-
dustrial Internet Consortium 2017). Another view refers to this term
as the adoption of computers and automation which are enhanced
with smart and autonomous systems fuelled by data and machine
learning. (Marr 2018) In general Industry 4.0 serves as an impor-
tant model to companies around the world for the vertical integra-
tion of smart machines, products and production resources into flex-
ible manufacturing systems (Kagermann et al. 2016) and connects
technologies and smart production processes to pave the way to a
new technological age which will radically transform industry, pro-
duction value chains and business models (Germany Trade & Invest
2014).

We’re living in a time of astonishing progress with digital technolo-
gies – those that have computer hardware, software, and networks at
their core. Computers are going to continue to improve and to do
new and unprecedented things. The key building blocks are already
in place for digital technologies to be as important and transforma-
tional and in short, we are entering a second machine age (Bryn-
jolfsson and McAfee 2014). The current technological change offer
some radical new opportunities that can lead to significant transfor-
mations not only in the way of producing and doing business but
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also in the overall economic system (Brynjolfsson and McAfee 2014;
Rifkin 2014).

Dramatic improvements in technology allow automating an in-
creasing number of tasks and occupations. For this reason, there is
a widespread concern that new technologies might destroy a large
number of jobs and cause ‘technological unemployment.’ The threat
of displacement is believed to be particularly strong with indus-
trial robots, because they are explicitly designed to perform tasks
that would otherwise be performed by humans (oecd 2018). The ac-
celerated automation of tasks performed by labour raises concerns
that new technologies will make labour redundant and in destructive
way can render entire professions obsolete (Autor 2015; Kotynkova
2016).

Automation always has aimed and always will aim to substitute
for human labour, and with new robotic concepts ahead we will see
many attempts to do so in the world of routine based work (Pfeiffer
2016). However automation also complements labour, raises output
in ways that lead to higher demand for labour, and interacts with ad-
justments in labour supply (Autor 2015). In the past, industrial rev-
olutions triggered structural transformations, which, after recover-
ing from initial technological unemployment, have brought mankind
merely frictional unemployment, and prosperity rather than poverty,
and it remains to be seen whether it is different this time (Mokyr,
Vickers, and Ziebarth, 2015). There is also no consensus among
scholars on the future effective capacity of robots and industry 4.0
technologies to fully substitute for human labour, as there are some
skills such as flexibility, judgement and common sense or the ability
to identify the purposiveness of objects that so far showed to belong
exclusively to human skills. Technological progress associated with
Industry 4.0 also raises the question of the best possible cooperation
between humans and machines (Freddi 2018, Trompisch 2017).

Analysis of Current State

Today, as industrial robots, digital technologies, computer controlled
machines and artificial intelligence replace labour, we are again wit-
nessing the emergence of new tasks ranging from engineering and
programming functions to those performed by audio-visual special-
ists, executive assistants, data administrators and analysts, meeting
planners, and social workers (Acemoglu and Restrepo 2018).

The main challenge in the estimation of the number of jobs at risk
of automation is the definition of which tasks are actually subject to
automation. Several studies attempted to tackle this problem. The
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commonly cited study which is also referred to by the oecd (2018) is
from Frey and Osborne (2013). Jobs that require the following skills
are considered to be safe from automation:

• Tasks linked to perception and manipulation, especially if they
require being involved in unstructured processes such as work-
ing in cramped workspaces.

• Tasks that require creativity, such as artistic activities or coming
up with original ideas.

• Tasks that rely on social intelligence, such as being persuasive,
negotiating aspects of a project or caring for others.

An increasing demand in the period up to the year 2022 should
have jobs that are significantly based on and enhanced by the use
of technology. Such jobs are for example data analysts, scientists,
software and applications developers, ecommerce and social media
specialists. Also expected to grow are jobs that leverage distinctively
human skills, knowledge, services, competences, character (Core-
jova and Al Kassiri 2016). For example customer service workers,
sales and marketing professionals, innovation managers and orga-
nizational development specialists.

There is also accelerating demand for new jobs which are related
to the understanding and leveraging the latest emerging technolo-
gies: for example ai and machine learning specialists, big data spe-
cialists, process automation experts, information security analysts,
robotics engineers, blockchain specialists and user experience and
human-machine interaction designers. On the other hand jobs that
are expected to be increasingly redundant are routine-based, middle
skilled and white collar. Such jobs are for example data entry clerks,
accounting and payroll clerks, secretaries, auditors, bank tellers and
cashiers. Examples of these jobs are susceptible to advances in
new technologies and process automation (World Economic Forum
2018).

There’s never been a better time to be a worker with special skills
or the right education, because these people can use technology to
create and capture value. However, there’s never been a worse time
to be a worker with only ‘ordinary’ skills and abilities to offer, be-
cause computers, robots, and other digital technologies are acquir-
ing these skills and abilities at an extraordinary rate (Brynjolfsson
and McAfee 2014). At present, particular emphasis will be and is
placed on information and communications sector (Madudova, Core-
jova, and Valica 2018) as well as the service sector (Corejova and Al
Kassiri 2015) which can influence overall employment of countries.
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figure 1 Share of Jobs at High and Significant Risk of Automation by Selected
Countries of oecd (adapted from oecd 2018)

We can conclude, according to many authors and studies related
to this topic that in this digital age the nature of jobs is shift-
ing. Some workers will benefit from new technology that makes
their jobs more pleasant and leads to rising wages. Other work-
ers will struggle to adapt to the new environment and will face
job losses. Since prospective winners and losers are unevenly dis-
tributed within countries, some places will fare better than others
(oecd 2018). These prospective winners and losers from the per-
spective of countries and their labour markets potentially affected
by automation can be seen in figure 1.

The share of jobs at high risk of automation varies strongly across
the countries. A job is considered to be at high risk of automation if
it has a 70% or higher probability of being automated. At the signifi-
cant risk of change are jobs that have 50 to 70% probability of being
automated. As we can see in the figure 1, the percentage of jobs at
high risk of automation ranges from 5.7% in Norway to 33.6% in Slo-
vakia. In general countries of Northern Europe – Norway, Finland,
Sweden; New Zealand and United States face relatively low levels of
risk. On the contrary Slovakia, Slovenia and countries of Southern
Europe face a much higher risk of automation (oecd 2018).

The differences are not due to sectoral differences in the respec-
tive economies. Rather they are due to the different organization of
jobs in those countries. Jobs in Southern Europe and Eastern Europe
are more likely to have automatable aspects than jobs of the same job
family in the other countries. This means that jobs in occupation in
the second country are at much lower risk than in the first country
(Nedeloska and Quintini 2018).
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Methodology

The aim of the paper is to analyse the impact of Industry 4.0 and au-
tomation on labour market. These impacts were analysed in previous
chapter and our goal was to enhance this analysis with the analysis
of our own. Our own research was dedicated to the analysis that fo-
cused on resolving the question if the job automation can have the
same impact on the employment in the same sectors, because as we
pointed out according to different authors and studies automation
tends to disrupt jobs and bring about technological unemployment.
Impacts were analysed on a sample of selected oecd countries for
which the study ‘Job creation and local economic development 2018’
quantified the percentage of jobs that are, according to oecd find-
ings, most vulnerable to automation on labour market in the selected
countries (table 1).

To answer this question we have applied correlation analysis.
Based upon this analysis we calculated correlation coefficients and
determined if there is low, moderate or high correlation and posi-
tive or negative linear dependency between variables. In calculat-
ing these coefficients, two variables were taken into account. The
first variable represented the percentage of jobs threatened by au-
tomation in selected countries. The second variable represented the
percentage of employment in the primary sector (agriculture), sec-
ondary sector (industry) and tertiary sector (services) in the selected
countries. Data of employment in the sectors of agriculture, industry
and services were obtained from databases of the World Bank. All
the data are stated in table 1 and are from the same year 2013.

Results

The results of the research are stated in the figures 2 to 4.
Figure 2 shows that the examined variables are positively related

and it means that if the one variable is higher also the second one is
higher. The correlation coefficient in this case has value of 0.45232.
This means that between the examined variables there is a positive
moderate correlation.

According to the figure 2, we can state that in countries such as
Slovakia and Slovenia, where there is relatively high employment in
the industrial sector, there is also a high degree of jobs that are vul-
nerable to automation. This means that the employment in indus-
trial sector in these countries can be potentially mostly affected by
automation. Norway, Sweden and Finland, which have low employ-
ment rate in the industrial sector also have low risk of automation of
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table 1 Sample of Selected Countries

Country Jobs at high risk of
automation (%)

Employment (%)

Agriculture Services Industry

Chile (chl) 21.6 9.5 66.7 23.9

Lithuania (ltu) 21.1 8.4 66.1 25.5

Israel (isr) 16.8 1.3 80.8 17.9

Turkey (tur) 16.4 22.9 50.7 26.4

Japan (jpn) 15.1 3.8 70.1 26.2

Canada (can) 13.5 2.1 78.1 19.8

Korea (kor) 10.4 6.1 69.5 24.4

United States (usa) 10.2 1.5 79.7 18.8

New Zealand (nzl) 10.0 6.4 73.3 20.3

Finland (fin) 7.2 4.1 73.0 22.9

Estonia (est) 12.2 4.3 65.5 30.3

Belgium (bel) 14.0 1.4 76.9 21.7

France (fra) 16.4 3.1 75.6 21.3

Sweden (swe) 8.0 2.0 78.8 19.2

Ireland (irl) 15.9 5.7 76.1 18.2

Denmark (dnk) 10.7 2.5 78.0 19.5

Norway (nor) 5.7 2.2 77.5 20.3

Spain (esp) 21.7 4.3 76.0 19.8

United Kingdom (gbr) 11.7 1.1 80.1 18.9

Netherlands (nld) 11.4 2.1 81.4 16.5

Poland (pol) 19.8 12.0 57.5 30.5

Slovenia (svn) 25.7 8.5 60.5 31.0

Greece (grc) 23.4 13.7 70.8 15.6

Austria (aut) 16.6 4.6 69.5 25.9

Germany (deu) 18.4 1.5 70.8 27.8

Italy (ita) 15.2 3.6 69.4 27.1

Czech Republic (cze) 15.5 3.0 59.5 37.5

Slovak Republic (svk) 33.6 3.3 60.9 35.8

jobs and can be potentially least affected by job automation. An In-
teresting finding is that a country such as the Czech Republic, where
employment in the industrial sector is 37.5%, has the risk of job au-
tomation at 15.5%. On the contrary, a country like Slovakia, where it
is 35.8% of workforce employed in the industrial sector, has the risk
of job automation at 33.6%.

This finding is directly related to the question, that why the corre-
lation coefficient is only moderate. One of the possible explanations
we pointed out in the end of chapter 3. For example, workers on an
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figure 2 Relationship between the Percentage of Jobs at High Risk of Automation
and the Percentage of Employment in Industry

assembly line might only do a manual task that is at high risk of
automation in one country. In another country, workers in the same
occupation might also monitor an industrial robot and take care of
quality control measures. In this case, jobs in the occupation in the
second country are at much lower risk than in the first country. This
means that in the case of Czech Republic there can be a lot of jobs
that are partly automated in the industrial sector. And in the case
of Slovakia there are more jobs in the industrial sector that can be
automated than in Czech Republic.

As we can see in figure 3, the examined variables are negatively
related, which means that if one variable is lower, another one is
higher. In our case if variable ‘percentage of jobs at high risk of au-
tomation’ is high, variable ‘percentage of employment in services’ is
low. Correlation coefficient in this case has value of –0.52017 and in-
dicates moderate negative correlation between examined variables.

From the point of view of the countries that we examined, we can
conclude that in countries where there is under 61% of employment
in service sector there are 2 countries which can be highly affected
by automation. In this case, it is Slovakia and Slovenia. On the other
hand there are countries who also have relatively low employment
in the service sector compared to other countries, but are not that
vulnerable to the job automation. Such countries are Czech Repub-
lic, Poland and Turkey. This can mean that in Slovakia and Slovenia
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figure 3 Relationship between the Percentage of Jobs at High Risk of Automation
and the Percentage of Employment in Services

figure 4 Relationship between the Percentage of Jobs at High Risk of Automation
and the Percentage of Employment in Agriculture

there are more jobs in the service sector that are prone to automa-
tion in comparison with other countries like Poland, Czech Republic
or Turkey. Countries that have highest employment in service sector
and can be least vulnerable to job automation are Norway, Finland
and Sweden.
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Based on our calculations, we can conclude that between variables
that are shown in figure 4, is only slightly moderate positive corre-
lation. Correlation coefficient has a value of 0.33027. The higher the
employment in agriculture sector is, the higher is the risk of job au-
tomation in selected countries.

There are several specific countries, which can be seen in the fig-
ure 4. One of these countries is Turkey. In Turkey there is a risk of
job automation at 16.4% and the employment in agriculture sector is
22.9%. Another example is Slovakia, where the risk of job automa-
tion is at 33.6% and the employment is 3.3%. In another words the
automation can play a much different role in jobs in agricultural sec-
tor of economy in these countries. This means that jobs in agricul-
tural sector in Slovakia can be more susceptible to automation than
in Turkey. Another examples where this can also be the case, are
countries like Slovenia, Greece, Poland, Chile, Lithuania and Spain
in which aspects of jobs in agriculture sector that can be automated
may vary. Countries where there is low employment in agriculture
sector and also have low risk of job automation are Norway, Sweden
and Finland.

Based on our calculations for the industry sector, if the employ-
ment in this sector is high then the risk of job automation is also
high. On the contrary, if the employment in this sector is low than
the risk of job automation is also low. In the service sector, accord-
ing to our calculations if the employment in this sector is high then
the risk of job automation is low and on the other hand if the em-
ployment in this sector is low then the risk of automation of jobs is
high. In both cases, we can say that the most endangered countries
in the terms of employment in the sectors of industry and services
are Slovakia and Slovenia. The least endangered are the countries of
Northern Europe – Norway, Sweden and Finland.

For the agricultural sector, only a slight positive correlation emerged.
This means that with the growth of employment increases the risk of
job automation. Measurements also showed a number of extremes,
such as countries like Turkey and Slovakia. Therefore, we can as-
sume that, in the case of several of these countries, automation may
have a different impact on jobs. In Slovakia there can be more jobs
that can be automated than in Turkey even though in Turkey there
is a much higher employment in agriculture sector.

Based on our findings, we can say that the fourth industrial revolu-
tion, in short Industry 4.0, can have the same impact on employment
in the sectors of industry and agriculture in the selected countries. In
both cases if the employment in these sectors is high, the risk of job
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automation is also high. So countries with high employment in these
sectors can be potentially mostly affected by automation. In the case
of services sector if the employment is low in this sector the risk of
job automation rises. Countries where the employment is low in this
sector, face the potentially highest risk of job automation.

Conclusion

All industrial revolutions have had an impact on employment. This
is also the case for the fourth industrial revolution. We live in a time
that is characterized by rapid advances in the development of digital
technologies. The core of these technologies is computer hardware,
software and networks. Dramatics improvements in digital technolo-
gies make it possible to automate an increasing number of tasks and
jobs. It is predicted that new digital technologies may have a neg-
ative impact on jobs and more and more jobs may become redun-
dant. This phenomenon is also referred to as technological unem-
ployment. Jobs that are least vulnerable to automation will be those
that require social intelligence, creativity, and also require the use
of new technologies. Redundant will be those jobs that are routine
based, middle skilled and white collar.

The winners of this time will be those workers who have sufficient
skills to work with new digital technologies and are able to adapt to
the changing nature of the labour market. Those who do not have
such skills can lose their jobs.

Potential winners and losers are unevenly positioned in the coun-
tries. Based on the calculations we performed, the correlation be-
tween the percentage risk of the automation of jobs and employ-
ment in the industrial sector is 0.45232. This means that there is a
moderate positive correlation between the examined variables. The
higher the employment rate is in the industrial sector, the higher is
the risk of job automation is selected countries. The correlation be-
tween the risk of automation and employment in the service sector
is –0.52017 and therefore there is a moderate negative correlation.
So we can say that the lower the employment in the service sector
is, the higher is the risk of job automation. According to our cal-
culations, the correlation between the risk of automation and em-
ployment in the agricultural sector is only slightly positive and has a
value of 0.33027. We can say that the higher the employment in the
agricultural sector is, the risk of the automation of jobs in the coun-
tries rises. We can conclude that in countries such as Slovakia, Slove-
nia and Greece, the risk of job automation in all sectors of economy
is the greatest. Countries which sectors of economy are potentially

number 1 · 2019 15



Roman Chinoracký, Stanislava Turská, and Lucia Madleňáková

least affected by job automation are Norway, Sweden and Finland.
In our research, we have come up with research question: why is

the correlation only moderate and not high. One reason why the cor-
relation is only moderate and not high may be the fact that work that
is easily automated in one country in another country may not be au-
tomated at all. Finding other reasons can be the basis for the further
research.

In the end it should be noted that automation does substitute for
labour. However, automation also complements labour, raises output
in ways that lead to higher demand for labour, and interacts with
adjustments in labour supply.
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