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Abstract: Scientific and technological development goes hand in hand
and has always sustained mankind, being the sources of a better living for
humans. Until recent years, people were the ones that coordinated and
maneuvered machines or production chains, used telephones or droved cars,
which only operated as tools, according to their handlers will. This scenario is
nowadays less obvious, and devices are currently less subordinated to man
manipulation. They become smart, record and share information, decide to act
or communicate, simulating human behavior, independent from a human
decider.

All the above-mentioned issues are considered facets of the Fourth
Industrial Revolution, as defined by the leader of the World Economic Forum,
Klaus Schwab, in Davos. Economists and politicians, social scientists and
engineers, innovators and conformists regard such never met before
transformations with both hope and skepticism, identifying benefits, risks and
challenges. In the following pages we will radiography the key sectors
impacted by the fourth industrial revolution, analyzing several perspectives
regarding it and emphasizing the main areas of interest for social sciences.
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INTRODUCTORY HISTORICAL BENCHMARKS

Social change has always fostered human development and occurred in every
period of history. The particularity of current times is the rhythm of such
transformations, as a generation is confronted with several, massive shifts, while in
the past modifications took place in a slower pace, within a long period of time.
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Every industrial revolution redesigned society in shapes and nuances beyond
predictions, intentions or expectations, redefined social interactions, determined the
construction of new social institutions, changed the ways of working and impacted
every domain of human life.

The first industrial revolution dates back to the 18" century, the steam-
powered engine being its major propulsor' and is acknowledged as one of the
capitals turning points in history, being often defined by the fact that production
moved from individuals, outside the home. These trends towards change were
continued and fostered with the second industrial revolution, placed at the
beginning of the 20™ century. Mass production was now run in factories, as
electricity became used in most technological domains and manufacturing. Many
researches were deployed since the early 1900, principles as simplified work, labor
division, specialization, extracting their roots from such pioneering analysis.
Theories regarding work, as human resources or human relations paradigms, for
instance, are formulated after systematic observations of those first production
units.

The third industrial revolution, attached to the introduction of information
technology in factories, eliminated to a greater extent those routine, dangerous and
harmful jobs, starting from the 1970s. Man earned a greater independence from
nature and the use of automatization in the production processes at a large scale
and in many domains, again structurally reshaped the way work was done. Further-
more, easily available and affordable goods, multiple ways of communicating and
other jumps of infrastructure changed the lives of large categories of population.

The fourth industrial revolution was firstly named by Klaus Schwab, the
founder of the World Economic Forum in 2016. At their meeting in Davos,
Switzerland, he described the major changes characterized by blurring boundaries
between physical, digital and biological spheres as a main feature of present
functioning®. Given the existing global framework, the fourth industrial revolution
will bring societal transformations at a global scale, reshaping the way “we
communicate, learn, entertain ourselves, and relate to one another and how we
understand ourselves as human beings™. The main difference between the third
and the fourth industrial revolutions is replacement of humans with independent
robots, able to decide, learn, communicate and adapt, without human intervention,
in this late stage. In a paper from 2014, Gershenfeld and Vasseur showed that by
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2010 the number of computers connected to internet outnumbered the number of
people living on Earth®.

All four above mentioned technological and scientific jumps revolutionized
human life, but what definitely sets them apart is the speed with which the
transformations determined by each of them can spread. Whereas the echoes of the
first and second revolutions travelled with the speed information spread at those
times and new, attracting goods produced in the first factories were not available
for everyone, the actual global world makes any phenomenon global and the time
needed for any news to be heard in almost every corner is slightly negligible. In
addition to this, every aspect of social organization suffers mutations due to these
changes in communication and transport means, as “the globalization phenomenon
is not expressed only in economic, cultural or communication terms, but its effects also
spread on the functioning of states and the relations between international actors™”.

Scientific progress seems to make some of the greatest humankind dreams
possible: people can fly around the globe and even the stars can be reached, most
persons, at least in occidental states have access to food, beyond their production
efforts or capabilities, many dull and dangerous jobs don't need human operators
anymore, the human genome is reproduced in laboratories, so even death seems to
be conquered in the future. Among other facets of industrial revolutions, the above-
mentioned ones question the sense and the existence of man and life itself, as it
used to be defined, from a biological perspective, on Earth, for hundreds or even
thousands of years now. Benefits and risks, opportunities and challenges all define
any major social change. What makes this discussion more actual and needed in the
context of the fourth industrial revolution is the rhythm of those transformations
and the sphere of influence of those changes, as they impact all life sectors.

CONCEPTUAL HIGHLIGHTS

The novelty of any theory, model, paradigm, orientation or understanding
impacts at linguistic level, as concepts need time to reach public and to be
interiorized and then integrated in general discourse. Abbreviations as [oT, Al, VR,
AR, terms as operator 4.0, for example, refer to phenomena already existing in our
every-day lives, but few are the ones who know their significations. In order to
facilitate a better understanding of our approach, we will explain the concepts and
phrases used, as some of their meanings are uncertain even for connoisseurs.

* Neil Gershenfeld, J.P. Vasseur, As Objects Go Online: The Promise (and Pitfalls) of the
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IoT is the abbreviation for Internet of Things, seen different than the existing
internet, of people. Until recently, people were the only ones to produce and deliver
information, uploading content on the internet. The smart devices around us are
also capable to do so now, as smart watches or smart phones, GPS, payment
application and different sensors, collect a tremendous amount of information
about us and our behavior, contributing to what is known as Big Data. All smart
things around us can communicate our heart rate, how many steps we walked or
run, our wakening time, the amount of time spent on social network, our precise
location, our shopping behavior, for example. These devices can communicate
through internet and information provided can be integrated.

Further, artificial intelligence (AI) is used, as simulating human behavior.
Devices are impregnated with algorithms that makes them “intelligent”, as they
react and interact with humans, as humans. They can communicate with other
systems, deliver information, receive information and even communicate with
people. The on-line Oxford Dictionary considers Al “the theory and development
of computer systems able to perform tasks normally requiring human intelligence,
such as visual perception, speech recognition, decision-making, and translation
between languages™. Systems, technologies, robots or computers using artificial
intelligence are able to perform processes usually assigned to human beings, can
learn from past experience, carry out complex tasks, reason, interact according to a
given scenario. Recurrently met in our daily living of Al usage are computer search
engines, fingerprint recognition and all kind of applications that serve for medical
diagnosis, GPS and driving guidance.

VR refers to virtual reality, defined as “an interactive, participatory
environment that could sustain many remote users sharing a virtual place. VR is
characterized by the illusion of participation in a synthetic environment than
external observation of such an environment. It relies on three-dimensional,
stereoscopic, head-tracked displays, hand/body tracking, and binaural sound””’. The
immerse in the virtual reality is conditioned by the presence of external devices
which transpond the human subject into the virtual environment. Its applications,
beyond the gaming industry, reflect in key areas as medicine — telemedicine,
education, training or phobias therapy. Such scenarios are used to prepare, for
example, soldiers, airplane pilots or other categories of professionals from areas
where classical training methods are financially or under other aspects expensive,
the environment is dangerous, and virtual reality can be combined with augmented
reality (AR).

% Oxford Dictionary, https://www.lexico.com/en/definition/artificial_intelligence, accessed on
18.01.2019.
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The fourth industrial revolution also has a corresponding model of factory
worker, conceptualized as “operator 4.0” and described as “a smart and skilled
operator who performs not only cooperative work with robots but also work aided
by machines as and if needed by means of human cyber-physical systems,
advanced human-machine interaction technologies and adaptive automation
towards achieving human-automation symbiosis work systems™®.

All these concepts, although at first glimpse seem to be specific only for IT or
engineering, have an impact largely spread in the day by day life, and their
influence will become more obvious when all or most domains of human living
will have a new look, molded by these innovations. The main objective, postulated
as driving trigger of these breakthroughs, is human centricity, because they are
seen as means of easing men's work, contributing to peoples’ safety and well-
being. The above-mentioned issues are characteristics of the smart society, where
“smart” refers both to objects and human-beings, that communicate with one
another, building a knowledge-based society.

Researchers also see technological development and each industrial
revolution in strong connection with human needs, and associate each of the four
major phases of innovative shifts to Maslow’s hierarchy of needs pyramid’.
As better understand from the following figure, the first steps towards
industrialization, corresponding to the first two industrial revolutions, addressed
the basic levels of the hierarchy of needs, associated with survival, hygiene factors
and covered mostly the biological functioning of human beings.

Later on, after such needs were addressed, the third industrial revolution,
bringing information technology, contributed to social networking, facilitating
communication between interlocutors physically situated miles away and social
participation. Such aspects are seen by the above-mentioned researchers in relation
with the social needs level of the pyramid.

Restructuring again the existing social milieu, the fourth industrial revolution
is understood as addressing the higher levels of Maslow’s hierarchy: esteem and
self-actualization needs, manifested through status, self-expression, cognitive and
aesthetic motivation. All these postulated connections between human needs and
innovations are suggestively portrayed in the following figure:

8 David Romero, Johan Stahre, Thorsten Wuest, Ovidiu Noran, Peter Bernus, Asa Fast Berlung,
Dominic Gorecky, Towards an Operator 4.0 Typology: A Human-centric Perspective on the Fourth
Industrial Revolution Technologies, CIE Proceedings, 2016, Tianjin, China, p. 1.

® MinHwa Lee, JinHyo Joseph Yun, Andreas Pyka, DongKyu Won, Fumio Kodama, Giovanni
Schiuma, HangSik Park, Jeonghwan Jeon, KyungBae Park, KwangHo Jung, Min-Ren Ya, SamYoul
Lee, Xiaofei Zhao, How to Respond to the Fourth Industrial Revolution, or the Second Information
Technology Revolution? Dynamic New Combinations between Technology, Market, and Society
through Open Innovation, Journal of Open Innovation: technology, Market and Complexity, 4, 21,
2018, p. 4.
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Fig. 1. Relation between Maslow's hierarchy of needs and industrial revolutions
(MinHwa Lee et al., 2018)'°.

A worth mentioning observation here is that the fundamental assumption
accompanying Maslow's motivational theory is that these needs catalyze human
behavior and that attention to the higher levels is conditioned by the accomplishment
of the lower ones. Translated into real world, the implications of this rationale
remember us that the globe population is not uniform regarding socio-economic
development and that the well-fare state covers lower levels of the hierarchy in
some countries, while other territories strongly confront with poverty or lack of
basic resources, as water or food. Even in developed countries there are still
population categories with low or no access to education, medical care, jobs and
other social facilities. Considering the actual global inequalities, although
promoted as a way of fostering social development and inclusion, the fourth
industrial revolution is also considered a threaten that will increase the gap between
“the rich” and “the poor” and will segregate to a greater extent the workforce.

DISCUSSIONS

The smart society towards which existing and emerging innovations lead,
covers all levels and involves many individuals, affecting most or even all domains, as
medicine, administration, consumption, education, work or entertainment.

Medicine is a key sector, already benefiting from technological progress, if
we notice that a considerable variety of devices can now be used to investigate,

1 Ibidem, p.- 5.
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diagnosticate, monitor and even treat patients. Moreover, communication technology
allows surgical interventions from distance, applications easily available for every
smartphone user are tested and implemented for monitoring vital functions and
even alerting a medical unit, if necessary, while parts of human body can be 3D
printed. As expected, from digitalization and automatization of some processes,
together with integrating them, dysfunctionalities also emerged. One of them is the
debate about private information, the confidentiality of data, how to decide when
access to such data is benefic and when it can be used in a harmful way.

Furthermore, collection, storage and analyze of Big Data have born many
discussions, as integrating them, interpreting the information behind and the usage
of such information, together with specific issues regarding security, privacy and
protection. The benefits on a large scale from access to Big data is sometimes
confronted with the right to privacy, therefore legal regulations are issued, in order
to regalement such a controversial domain. Another aspect is that the analyze of
such data needs certain methods and specialists qualified to integrate all
information and interpret them in an adequate way, pretty new, as compared tot the
existing framework and already systematized protocols.

Data protection becomes a topic that reunites the interests of general public,
law specialists, social scientists, different stakeholders, NGOs, governments and
suprastatal organs and of course IT specialists. Researchers from any domain pay
considerable attention to ethical aspects regarding their work. Data storage is
another sensitive issue, as it has to be safe enough not to allow unauthorized access
to information. Beyond sustained efforts to secure all aspects related to personal
data, is worth mentioning here the virulent public debate regarding situations of
illegal use of some confidential information, also reflected by mass media. Moreover,
piracy and hacking are often met in the virtual environment, as software is stolen
on the internet, money from accounts, copyrights or valuable financial information,
their costs being estimated in 2017 to be greater than 50 billion dollars'’.

Social responsibility is seen as a fundamental key used to understand the scope
of the before mentioned changes, as humankind has reached the understanding that
humans’ actions have great echoes and their impact was many times under
evaluated or not thought about, as is for instance the case of pollution, deforestation,
climate change and many others. Social responsibility is often seen in relation with
consumption, because natural resources are finite, but technology again interferes
here and provides substitutes, even if the quality of some of them was questioned.
Mass production, affordable goods, the short way from prototype to product, due to
3D printing, advertising strategies, also built on Big Data, all facilitate and
encourage consumption.

Between consumption, production and labor market is permanent circular
relation, as each of the three pillars influences the other two. Changes caused by

! Marshall Romney, Paul Steinbartx, Accounting Information Systems, New York, Pearson,
2018, p. 28.
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digitalization and automatization in the world of professions will certainly
restructure the labor market, as we know it today, as some jobs will disappear,
while new ones will emerge. Besides unemployment in sectors where human
workers will be replaced, professionals from other areas will have to keep up with
technological development, and life-long learning will be a must in many domains.

At European level, such trends have already been analyzed, and the statistics
show us that sectors like utilities, agriculture, construction, manufacturing, retail
and financial services are expected to be strongly affected by automatization, while
in domains as education, health and social services, accommodation, catering or
food services the percent of automatization concerning workers is smaller'’. For a
general preview on jobs transformations, we propose the following paper, issued
by the European Centre for the Development of Vocational Training (Cedefop):
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Fig. 2. Share of EU workers at very high risk of automation, by industry, EU28
(Pouliakas, 2019)".

In strong relation with the work force, repeatedly mentioned are the
challenges for education, at all levels, as new skills will be required. Among them,
frequently listed are critical thinking, creative problem solving and team-working.
Because information is easily available and detached from the human support,
classical competencies based on reproduction of information are starting to be less

12 K onstantinos Pouliakas, Machines, robots and the threat of automation to EU jobs, retrieved from
https://skillspanorama.cedefop.europa.eu/en/blog/machines-robots-and-threat-automation-eu-jobs, on 02.03.2019.
13 77
Ibidem.
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valued, as the ability to discern and operate with information gains terrain. Values
attached to work are also reshaping and baby boomers are replaced by the
millennials, who are coexisting with the so-called “Generation Z'*.

As shown before, the actual construction of a smart society will steadily
impact most domains and life will be restructured, in a rhythm still unknown.
Researchers from almost all areas are preoccupated to address these tendencies and
the role of social sciences here is of great importance, as hard, structural changes
are always moderated by soft, contextual aspects. As the claimed purpose of
technological development is human centricity, social and humanistic sciences are
required to give direction and scope, contributing also to a better understanding and
adaptation to change.

CONCLUSIONS

Every major social transformation, as industrial revolutions are, draws social
world using new forms and shades and for some represents a way to a better life,
while for others can bring stress and frustrations. World got to a point where
besides utility in this run for novelty, innovation and outstanding, mission and
social responsibility are frequently mentioned'. If for decades and even centuries
now economic gain, productivity and performance were main objectives, there are
voices that claim orientation to a complementary perspective, the social one, in
order to integrate and take the most of these innovations.

Even if for many inhabitants of the Earth scientific and technological development
certainly meant personal gains regarding security, access to modern world facilities
as education, medical services, recreational and cultural activities or other goods
and services, another face of the same reality is that also exist large categories of
population confronting with starvation, civil wars, lack of access to education or
medical services. What are the odds for the second group to benefit from the
improvements brought by technological innovation? How smart can their societies
become? Will the gap diminish or grow? These are still unanswered questions and
social responsibility should and may be a clue in addressing these issues.
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