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Role of Immigrants in the Labor Force Across Four
Leading Robot Countries

I. Baneviciené and V. Kumpikaité-Valitiniené

Abstract—Robots is one of the attributes of Industry 4.0. The
implementation of industrial robots is an indication that
country is reforming its industry to meet new immerging
requirements; however, the changes in industry create new
workforce roles that test the countries readiness for industrial
transformation. We analyze four countries that has the most
industrial robots’ implementation in the world - Singapore,
Rep. of Korea, Germany and Japan — with respect to how they
are dealing with filling in the immerging roles with skilled and
high-skilled workers. The analysis showed that all countries
experience shortage of workforce, but there is no pattern in
how they are filling in the gaps.

Index Terms— Industry 4.0; Robots; Skilled employees.

I. INTRODUCTION

Concept of Industry 4.0 originated in Germany in 2011 as
proposal to use high-tech strategies in development of
Germany’s economy [1], [2]. It spread around the world
creating Fourth Industrial Revolution. Both terms are used
interchangeably depending on the part of the world and
describe the main evolving processes of current economy
and is a base for forecasting future industrial developments.
The defining features of Industry 4.0 are digitization,
optimization, and customization of production; automation
and adaptation; human machine interaction (HMI); value-
added services and businesses, and automatic data exchange
and communication [3], [4]. Robots play an important role
in industry 4.0 as they can complete tasks intelligently, with
the focus on safety, flexibility, versatility, and collaborative
[5].

According to recent research by [6], it is indicated that by
2020 Europe could lack some 825,000 digital know-how
specialists. While a skill gap as well as a gap in willingness
to adjust to the skill requirements to Industry 4.0 is much
greater [7]. There are basically three ways to increase the
availability of Industry 4.0 skills: 1) Increase participation
by parts of the labor force in Industry 4.0 that are not in it at
present, 2) Increase the provision of training and education,
3) Through immigration, which could be indicated as the
shortest way to gain missing employees.

Therefore, in this article we analyze what is robot
concentration in different countries and how that correlates
with immigrant density in that country.
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II. ROBOT CONCENTRATION BY THE COUNTRY

According to International Federation of Robotics, in
2018, 5 countries that implemented the most industrial
robots are China 154.000, Japan 55.200, United States
40.400, Rep. of Korea 37.800, and Germany 26.700 [8]

(Figure 1).
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Fig. 1. Annual installation of industrial robots 15 largest markets 2018

[8].

However, absolute numbers are misleading as number of
citizens and employees are very different in these countries
and do not represent the real picture.

Average number of robots is the highest in Europe and
reaches 114 unites, respectively 99 in America and 91 in
Asia with total 99 robots average in the world [8].

Analysis of Robot density in the manufacturing industry
in 2018 shows that Singapore and Rep. of Korea are clearly

leading countries in robot installation per 10.000
employees following by Germany and Japan far behind in
3rd and 4th places, whereas the United States is in 8th place
and China — 20th [8] (Figure 2). Following four leading
countries are taken for further analysis.

831
700 774

338

327
ﬂ ﬂ

S & &
& &

MWWWMF
& R -
B ¢

AEEEEE®
S N \\)\\s
C Y

$

i s
& &
&

&

$ SR &
&S

Q &
&

Fig.2. Robot density in the manufacturing industry 2018 [8]

III. IMMIGRANTS IN LEADING ROBOT IMPLEMENTING
COUNTRIES

We combined the number of robots per 10.000 employees
with immigration data into Figure 3. It shows different
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patterns. Singapore is a leading country of robots and in
immigrants. However, the South Korea, having almost the
same amount of robots per 10.000 employees as in
Singapore have just 3.4 % of immigrants. It is a similar
situation comparing other following countries Germany and
Japan having similar amounts of robots. Germany has
14.8% of immigrants and Japan just 1.61%. Every country is
presented in more details bellow.
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Fig. 3. Correlation between number of robots per 10.000 employees and
percentage of immigrants per total population [8], [9].

A. Singapore

Singapore is a leading country in implementation of
industrial robots. It has 831 robots per 10.000 employees
[8]. Singaporeans are among most skilled and educated
workers in the world; however, decades long fertility
regulations led Singapore to experience native-labor
shortage [10], [11]. Therefore, it needed to fulfill labor
shortage by immigration and now Singapore has 46% of
foreign-born population [12]. According to United Nations,
Singapore has more than 2.5 million foreign-born
population that are mainly from only few countries of
origin: Malaysia, China, Indonesia, India, and Bangladesh
[9]. The inflow of immigrants into Singapore is strictly
regulated by available job quotas. There are three main
categories of work permits that are defined by salary,
education and complexity of work. Only S-Pass and E-Pass
permits allow high-skilled work, to bring relatives and give
eligibility to become permanent Singapore resident. Work-
permit holders are migrant workers who are not allowed to
seek permanent residency or marry Singaporeans [10], [11],
[13], [14]. Therefore, as working with the robots requires
considerable skills and education. Only S-Pass and E-Pass
holders would be allowed to work directly with the robots
and they amount for one third of all immigrant workers.

As a country, Singapore is heavily investing into its people
to help them to reach training goals for opening new roles in
Industry 4.0. Second-skilling is a practice that is funded by
the government to allow its citizens to train for additional
skill set in case he/she wants to change the jobs in the future
or would be able to find another job if current job is lost
[15], [16]. However, only the citizens of Singapore are
eligible to take advantage of this Government program.
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Summing up, the immigrant population is the first and
foremost for filling in the gaps as needed in Singapore
labor-markets.

B. Rep. of Korea (South Korea)

South Korea is the second leading country for
implementation of industrial robots. It has 774 robots per
10.000 employees [8]. As opposed to Singapore, South
Korea is mostly relying on its citizens to work with the
robots and all other jobs as the country historically is
monocultural [17]. Only during the last 20 years
monocultural approach is changing as country’s
demographic situation led to a point that South Korea’s
forecast is for it to not have enough workforce to keep up
with the rising economical needs. Centuries of fertility
restrictions led to rapidly aging population, fertility rate in
South Korea is the lowest in the world - only 1.1 children
per woman, and women are choosing to not have family or
any romantic relationship in favor of having independent
lives and careers [18], [19].

According to United Nations, in 2015 only little over 1.3
million of foreign-born population were registered in South
Korea [9], accounting for less than 3.4% of total population.
The major groups of immigrants are from China and
Vietnam [9]. Even though the immigration into South Korea
is growing, the education level of immigrants is much lower
than Koreans, especially young generation. Therefore,
immigrants account for only a marginal share of
professional workers in South Korea’s labor force [20].
Even though country is a leading implementer of industrial
robots, it is not relying on immigrants to work with them.

C. Germany

Far below Singapore and South Korea, Germany is the
third country in the world by implementing robots into its
industries, it has 338 robots per 10.000 employees [8].
Germany’s workforce is highly educated and high-skilled
professionally. Past couple decades of immigration patterns
show waves of immigrants from new at that time the EU
member countries. Over 60 percent of all immigrants
between 2007 and 2011 were the EU citizens. However, as
the initial immigration surge from the EU subsided,
Germany is relying on out of the EU immigrants — third-
country immigrants to supplement its labor market [21].
According to UN, Germany had over 12 million foreign-
born population or about 14.8 percent of the German
population in 2015 [9].

Even though Germany is drawing immigrants as a very
technologically advanced country, research shows that
complicated certification system and limited German
language are the main barriers to efficiently take advantage
of immigrants’ skills and experience [22], [23]. Germany is
making progress addressing immigrants’ integration into its
labor markets by creating formal legislation to ease
certification process, but there are informal barriers for
immigrants to earn the same wages as natives or move
upwards in their career. Estimation is that it takes around 20
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years spent in Germany, having ability to write in German
and German degree for an immigrant to fully close the gap
in wages [24]. Nevertheless, there are many skilled
immigrants that work with the robots in Germany.

D. Japan

Japan is very close behind Germany in implementation of
industrial robots — it has 327 robots per 10.000 employees
[8]. Similar to South Korea, Japan historically is considered
monocultural country. However, due to aging population,
longtime fertility restrictions and economic development,
Japan is experiencing shortage of skilled and low-skilled
employees [25]. Therefore, it is making changes in its
legislature to attract and admit immigrants. Nevertheless,
Japan is still very conservative in admitting immigrants.
According to UN, Japan had over 2 million foreign-born
population or only about 1.61 percent of the Japan
population in 2015 [9]. Majority of foreign-born population
is from China, South Korea and Vietnam.

There is wide lobbying for inexpensive foreign skilled
workers from small business owners, as they increasingly
could not meet demands of local skilled workers towards
high wage and benefit packages. On the other hand, there
are large corporations that can afford hiring and retaining
local skilled workers and, therefore, are more partial to
conservative immigration policies [25]. There is very
conservative view from the general public on immigration
issue - even though public is ready to acknowledge a need
for high-skilled workers and their incorporation into Japan’s
culture, low-skilled workers are looked at as not attuned to
the nuances of Japanese culture and very undesirable [26].
As working with robots would require skilled workforce,
Japan will likely to immigrate professionals to fill the gap in
workforce shortage, but the majority of work will be done
by natives.

IV. CONCLUSIONS

Analysis of four leading countries with the biggest
amount of robots per 10.000 employees in the world. Each
of the countries that has highest implementation of industrial
robots experience shortage of skilled native employees and
forecast the shortage to be larger in the future. Even though
there is a consensus among all countries regarding a need to
fill in the gaps with skilled and high-skilled foreign-born
employees, each country has a very different outlook on
immigration.

Singapore and Germany rely on immigrants seeking to
fulfill labor shortage in their markets. They focus on low
and high skilled immigrants, and have developed policies
and different forms of visas for immigration.

However, South Korea and Japan have a very low level of
immigrants and their main employees are locals.
Notwithstanding, these both countries are the most aging
countries in the world. Therefore, partners of immigration
should be reconsidered. It is a way of Japan to immigrate
professionals to fill the gap of digital know-how specialists,
which should be followed by South Korea in the near future.

DOLI: http://dx.doi.org/10.24018/ejbmr.2020.5.3.322

EJBMR, European Journal of Business and Management Research
Vol. 5, No. 3, May 2020

Germany, South Korea and Japan develop many
programs for local digital know-how specialists, but none of
analyzed countries have programs for immigrants.
Therefore, immigrants should be professionals before arrival
to enter such robot-based labor-market.

Industry 4.0 changing workforce requirements and
countries will have to find a way to either transform their
education and vocational training systems to fulfill the need
for professionals in new immerging roles or to implement
immigration system that is acceptable to both: the counties
cultural heritage and economical needs.
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