Abstract

With the development of Industry 4.0, modern compa-
nies are forced to adapt quickly and flexibly to changing
competitive conditions. This has an impact on the strate-
gic management of the enterprise and is reflected in the
creation of new strategic models, such as those that allow
the introduction of innovations, the rapid reorganisation
of processes and the highly flexible adaptation of busi-
ness operations to new conditions. The aim of the arti-
cle was to identify trends and megatrends and to assess
their impact in the context of the implementation of the
Industry 4.0 framework in enterprises. The research used
bibliometric analysis, force-field analysis and the results of
a survey conducted on a group of small and medium-sized
enterprises. The matrix for assessing the impact of mega-
trends and socio-economic trends in the context of the im-
plementation of Industry 4.0 technologies was established
using the expert method. The article presents key trends in
the development of enterprises implementing Industry 4.0
technologies. The results may provide useful guidelines
when formulating new strategies for enterprises.

Key words

Industry 4.0, megatrends, strategic management

Forum Scientice Oeconomia e Volume 9 (2021] » No. 3

Key socio-economic megatrends
and trends in the context
of the Industry 4.0 framework

BOZENA GAJDZIK, SANDRA GRABOWSKA, SEBASTIAN SANIUK

DO0I:10.23762/FSO_VOL9_N03_1

Boiena Gajdzik

e-mail: bozena.gajdzik@palsl.pl

Sandra Grabowska

e-mail: sandra.grabowska@polsl.pl
Silesian University of Technology, Poland

Sebastian Saniuk
e-mail: s.saniuk@wez.uz.zgora.pl
University of Zielona Gora, Poland

Introduction

The development of automation, robotisa-
tion and digitalisation significantly affects
the permanent process of change in indus-
trial enterprises. A global tendency in the
development of industry is its movement
towards the ‘Industry 4.0° level and the
penetration of information technologies
into all fields and aspects of human activi-

ty (Krykavskyy et al., 2019; Hofbauer and
Sangl, 2019; Grabowska, 2020; Gajdzik,
2021). The concept of Industry 4.0 is a new
reality of the modern economy, because in-
novation and technological development
play an important role in each organisation.
Industry 4.0 significantly changes prod-
ucts and production systems concerning

Paper received: 25 June 2021 o Paper revised: 10 September 2021 » Paper accepted: 20 September 2021



design, processes, operations and services
(Slusarczyk, 2018). Currently, the industry
is subject to the pressure of development
associated with the implementation of the
fourth industrial revolution. After 2011,
the direction of change in industry is re-
ferred to as Industry 4.0. Companies are
influenced by the strong impact of compe-
tition as well as rising consumer expecta-
tions. The environment forces companies
to make changes, sometimes very radical
ones, which enable them to operate in global
markets and compete in terms of flexibility,
quality and low production costs. Today’s
buyers’ markets are very demanding, which
concerns not only the issue of the quality
and variety of products, but also the per-
sonalisation of products. Changes were
and are a constant element of business, but
now their course is highly dynamic. Rapid
technological progress forces the process
of change and affects the decline of stabil-
ity in the functioning of enterprises. The
company must be oriented to changes and
the strategic management of a company
does not offer manufacturers “certainty” in
predicting the future. In a turbulent envi-
ronment, with a high degree of dynamism
and high intensity of change, confidence in
long-term strategies, which usually do not
work, has decreased. Therefore, long-term
strategies have increasingly begun to be re-
placed by scenarios. Foresight studies and
trend analysis, including megatrends, have
become increasingly popular. Companies
are attempting to be flexible and are striking
a balance between reactive and proactive ac-
tions. Adaptability is a requirement of doing
business. The business models used are rap-
idly aging and new solutions are replacing
previous ones. As a result of fierce compe-
tition, companies are constantly making op-
erational changes to be more customer-ori-
ented.

Since 2011, opportunities for the devel-
opment of companies have been seen in the
concept of Industry 4.0, and in the current
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decade in the concept of Industry 5.0 as
well. The term “Industrie 4.0” was first used
at the Hanover Fair in 2011 (Industrie 4.0,
2011). In October 2012, a working group led
by Siegfried Dais of Robert Bosch GmbH
presented a set of recommended industri-
al changes to the German government. The
final report entitled “Industrie 4.0” was de-
veloped on 8 April 2013 (Hermann et al.,
2005, based on “Platform Industrie 4.0”
2014). Industry 4.0 is the general concept of
technological change of the fourth industrial
revolution. The current industrial revolution
focuses on building cyber-physical systems
and business overcoming spatial and tem-
poral barriers (DAMA - Design Anywhere,
Manufacture Anywhere) (Nardo, 2020).
Industry 4.0 is characterised by the strong
interaction between virtuality and reality
supported by big data, the Internet of Things
(IoT)' and cloud computing (Schwab, 2016).
Governments in many countries see this
concept as increasing productivity and re-
ducing production costs. Industry 4.0 is
a major challenge for manufacturers in key
industries because of the radical changes not
only within companies but also in supply
chains. Industry 4.0 is changing manufac-
turing processes by integrating them into
cyber-physical systems and flexible supply
chains. Information technology (IT) and in-
formation and communication technologies
(ICT) are applied in the processes of techni-
cal preparation of production, manufactur-
ing and distribution, transforming factories
into smart factories (Kagermann et al., 2013;
Hermann et al., 2015; Schwab, 2016).

The
Industry 4.0 are determined by changes,

directions of development of
the implementation of which takes place
over a long period of time. The currents of
change, in relation to contemporary busi-
ness, must appear much earlier, or if they
are initiated now, they will last for several

1 The term Industrial Internet of Things (IIoT) is used
to refer to the industrial environment.
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more years. Megatrends are characterised
by profound changes, the implementation
of which has an impact on social, econom-
ic and ecological development. Megatrends
influence all areas of life for a significant pe-
riod of time (Naisbitt, 1982).

Megatrends create the “environment” in
which other trends develop. Megatrends are
the true boundary conditions for trends, and
are made up of sets of trends. Megatrends
transform the environment globally and
create new conditions for many industries
(Kee 2012, p. 12). Nowadays, changes are
affecting many aspects of organisations si-
multaneously, and the importance of the
environment in their activities is constantly
increasing.

The article presents considerations on
the essence of megatrends from the perspec-
tive of the future development of Industry
4.0. The authors also attempted to detail the
key trends of change. The added value of the
publication is a matrix of the impact of meg-
atrends on the development of Industry 4.0.
The publication was based on secondary
sources of information (desk research). The
authors used scientific literature published
in the Web of Science and Scopus databas-
es. While reviewing the literature, the au-
thors assumed that modern manufacturing
companies are headed towards Industry 4.0.
The authors are aware of the existence of the
next level of industry development, referred
to as Industry 5.0, but at the current stage
of company development it has not been the
subject of research. The aim of the article
was to identify trends and megatrends and
to assess their impact in the context of the
implementation of the Industry 4.0 frame-
work in enterprises.

1. Industry 4.0 frameworks
as a megatrend - Literature review

Companies embrace technological progress
as a determinant of competitiveness but with
a balance between business, ecology and
society. Sustainability continues because it
“protects the environment for us and for fu-
ture generations”. The strength of business in
the near future is cyber-physical manufac-
turing technology, which is promoted by the
concept of Industry 4.0. At the heart of smart
factories are cyber-physical manufacturing
systems (CPPS) with technology controlling
physical processes, creating virtual (digital)
copies of the real world. Decision-making is
decentralised. Access to data is in real time,
and with the Internet of Things (IoT) and
cloud computing, companies benefit from
multiple intra- and inter-operational services.
Machines, automations, and robots work to-
gether and take over activities performed by
humans. The framework of Industry 4.0 is
a set of technologies used in the following
processes: manufacturing, communication,
IT, logistics, and many others. The BCG
(Rifmann et al., 2015) introduces nine pil-
lars of Industry 4.0 technological advance-
ment: big data and analytics, autonomous
robots, simulation, horizontal and vertical
integration, the Industrial Internet of Things
(IIoT), cybersecurity, cloud computing and
manufacturing, additive manufacturing, and
augmented and virtual reality. These tech-
nology pillars make up the megatrend that
is Industry 4.0. The individual pillars consist
of sub-pillars, which are the tools, forms of
technology or applications used. Examples
of pillars and sub-pillars of Industry 4.0 are
included in Table 1.



Table 1. Pillars and sub-pillars of Industry 4.0

Pillar Sub-pillars: Tools/forms/applications
Cloud computing Cloud services, cloud products, cloud manufacturing
Internet of Things Internet of People; Internet of Everything; Internet of Data; System of Systems (SaS);
Web-based organisation
Embedded systems  Cyber-Physical (Production) System (CPPS); wireless sensing (Nodes/Network];
RFID; smart sensing and actuators
Smart factory Ecosystem of smart factories

Inter-connection

Networking; interoperability; vertical integration of production systems;
horizontal integration of partners in value chains (via value creation networks);
simultaneaus planning of products and production processors; cross-functional activities

Servitisation

Product service ecosystems

Virtual and
Augmented Reality

Augmented reality (AR), Virtual Reality (VR), Mixed Reality (MR), Extended Redlity (XR]

Value chain Added value, supply chain flexibility and visibility, SCM and logistics

Mass customisation  Individualisation, personal/product experience, personalised production, personalised product

Digitalisation Digitalisation of physical pracesses, virtualisation, virtual assistance, digital transformation
end-end digital integration, simulation and virtualisation

Adaptability Adaptive manufacturing

Agent theory Multi-agent systems

Intelligent and
autonomous

Intelligent and autanomous shop-flaor/processes, tailored products,
connected/smart products and machines, self-organised

Decentralisation

Decentralised decisions, Decision Support Systems (DSS), networked and distributed data

and distributed diffusion

Data analysis Big Data, information provision, information transparency, real time data, promptly analysing
data stream, open data

Cybersecurity Safety, privacy, knowledge protection

Additive 3D printing

manufacturing

Collaboration

Collaboration network, co-innovation, human-machine-system communication
and collaboration, synchronous operations, information sharing

Source: Santos, C., Mehrsai, A, Barros, A. C., Aradjo, M., Ares, E., “Towards Industry 4.0: an overview
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of European strategic roadmaps”, paper prepared for the Manufacturing Engineering Society International
Conference 2017, MESIC 2017, 28-30 June 2017, Vigo (Pontevedra), Spain.

Klaus Schwab (2016) organises the vari-
ous technological trends of Industry 4.0 into
three clusters: physical, digital and biological.
Included in the first group are production
automation systems, industrial robotics, ma-
chines equipped with sensors, data process-
ing systems, autonomous vehicles, 3D print-
ing, and new materials such as ceramics that
exchange pressure for energy. The second

group — the digital cluster - is defined by the
Internet and high computing power infor-
mation and computer systems, as well as data
collection and processing systems and pro-
duction control systems. The key technolo-
gies that make up this group are the Internet
of Things (IoT) and the Internet of Services
(IoS). The third group includes technological
solutions that interact with humans and facil-
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itate the operation of machines, such as con-
trolling machines using voice, movement, ges-
tures, the eye, facial expressions, and others.
Industry 4.0 is built on the basis of many
trends that had already been available on the
market previously. Lapunka and Kolodziej
(2017) list the following among the most im-
portant determinants of business functioning:
the globalisation of economic activity; stra-
tegic alliances and the emergence of strong
capital groups; the spread of information
technology and digitalisation; the forma-
tion of post-industrial society; the increase
in the importance of knowledge and qual-
ifications; functioning under conditions of
constant change; the increase in aspirations
of society (employees, customers, contrac-
tors); and the influence of the state on the
economy. Currently, people live in an open
society where the source of change is the free-
dom (liberty) to transfer everything. A glob-
al picture of the world has been formed, in
which everyone has access to everything.
Globalisation is accompanied by the de-
velopment of information technology. The
Internet, computers and mobile devices have
built cyberspace (a term introduced 50 years
ago). The productivity and competitiveness
of companies is determined by access to data
and information. A network of information
flows creates a network of knowledge. Easy
access to information and knowledge is a fea-
ture of the information society - a term coined
in 1963 by Tadao Umesamo. An information
society has the ability to process and use in-
formation. With the development of infor-
mation technology, information societies are
transforming into digital societies and in time
into post-digital societies, also referred to as
Society 5.0. The new image of society is built
on the basis of industrial society, or rather on
its evolution towards a post-industrial society.
The concept of the post-industrial society was
born in the late 1960s and early 1970s, and its
creators were the Frenchman Alain Touraine
and the American Daniel Bell (Bell, 1967; Bell,
1973). At some point, humans became partic-

ipants in full automation and robotisation and
cyber-physical systems.

A strong trend is digitisation, which con-
verts analogue information into digital form
using suitable electronic devices. This allows
data to be processed, stored and transmitted
through digital circuits, hardware and net-
works (OED). This is the simplest definition
of digitalisation, because with the advance-
ment of technology, digitalisation has created
many digital products and services, improving
the quality of life (Stolterman and Fors, 2004).
According to Bloomberg (2018), digitalisa-
tion enables the combination of communica-
tion and business functions. The use of digi-
tal technologies enables the implementation
of new processes throughout the value chain,
from sourcing to production, sales, and ser-
vices. Digitalisation covers all areas and func-
tions of a company. Information technology
and computers have built the digital economy
(Tapscott, 1999). Its characteristic feature is
the strong digitalisation of the functioning of
society. With the development of digitisation,
the producer-consumer relationship is chang-
ing. The consumer becomes a key player in the
market, and digital technologies help to sim-
plify the interaction between consumer and
producer (Natalya et al., 2020).

Technological trends are changing people,
who are becoming more confident, more flex-
ible and open to change, characterised by cre-
ativity and emotional intelligence. “Greyness”
has been replaced by “colourfulness” in which
everything is possible. Drucker (2003) stated
that management is first and foremost about
people, management is deeply embedded in
culture, management requires simple and
understandable values, action goals and ob-
jectives that unite organisational participants,
management should lead the organisation
to be able to learn, management requires com-
munication, management requires an elab-
orate system of indicators, and management
must be explicitly oriented towards the pri-
mary and most important outcome, which is
a satisfied customer.



In these new conditions for the functioning
of people and organisations, the state, which
sets the basic directions of development, pro-
moting technologies considered suitable for
their implementation, acquires significant
importance (Pisar and Bilkova, 2019). In the
description of trends preceding the emergence
of Industry 4.0, one cannot forget about eco-
logical innovations and the concept of sustain-
ability. The second half of the last century was
primarily about initiating the development of
ecological innovation, also referred to as green
innovation, environmental innovation or sus-
tainable innovation. Although they are de-
fined differently, their common feature is the
reduction of the negative impact on the envi-
ronment. These innovations are related to best
technology (BAT), resource and energy sav-
ings, diversification and the circulation of re-
sources. Highly developed countries are char-
acterised by the circular economy, in which
products, materials and raw materials should
remain in the economy as long as possible
and waste generation should be minimised
as much as possible. This idea takes all stages
of a products life cycle into account, from its
design to production, consumption, waste col-
lection and management. This refers to a de-
parture from a linear economy, based on the
“take — produce - consume - throw away”
principle, in which waste is often treated as
the last stage of the life cycle. In a closed-cir-
cuit economy, it is important that waste, once
created, is treated as secondary raw materials.
This is the purpose of all activities preceding
the creation of waste. At the same time, the
closed loop economy approach, e.g. in product
design or manufacturing processes, is aimed
at increasing the innovativeness of European
entrepreneurs and making them more com-
petitive in relation to entities from other parts
of the world.

In the new business environment, the em-
ployee is the expert and teacher for the robots.
Concepts that place workers at the centre of
new technology are popularised (Wittenberg,
2016). Employees are characterised by disrup-
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tive thinking. The employee thinks originally,
strategically, unconventionally, and different-
ly than before. Industry 4.0 is driven by the
openness of innovative solutions. At the centre
of this thinking is the customer, who demands
personalisation. Personalised products are
produced in short series according to cus-
tomer needs. The production of the product is
often carried out with customer participation
in design, modification and manufacturing.
Customers are participants in the company’s
processes. The customer designs the prod-
uct, follows its manufacture, and also deter-
mines the form of payment and distribution,
and makes the choice of after-sales services.
Modern IT technology is based on digital
modelling, which allows the production sys-
tem to take the differing wishes of customers
into account at each stage of production. The
success of personalisation can evolve into mass
personalised production, or the affordable
personalisation of products similar to mass
production. Affordability is determined by
production costs and demand (Aheleroff et
al,, 2017). Industry 4.0 technologies identify
customers and offer them customised prod-
ucts. This is possible by combining informa-
tion from multiple sources and configuring
technologies flexibly. Machines in line layouts
or production cells are computer-controlled.
The speed at which they are ready to meet
customer orders is a key determinant of their
flexibility and productivity. Manufacturing
flexibility is made possible by process orien-
tation, which for many years has been a trend
in manufacturing (a trend for manufacturing
companies in a market economy) (Willaert et
al., 2007). Manufacturers function in network
structures within cyber-physical systems. The
network world creates many networks, e.g.
knowledge, work, communication, services.
Collaborative networks are efficient, which
is convenient because it is possible for chains
to adapt to constant change and easy to imple-
ment cyber-physical systems into other plants
(Weck and Reed, 2014). Networking as a trend
is different than previously. Individual net-
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work participants are “neurons’ on “paths”
of connections. The network is flexible and
changes depending on e.g. customer needs,
the availability of raw material suppliers, the
availability of technology, etc. Each company
in the network can be (for a moment) a power
centre due to the adopted network optimisa-
tion criterion. “Neural” network structures
are an alternative to hierarchical solutions. In
Industry 4.0 smart factories, virtual organi-
sations are predominant. Rigid links are giv-
ing way to fuzzy, smart links, and individual
companies are characterised by responsible
autonomy (Fairtlough, 2005; Ogilvy, 2002;
Stephenson, 2006). Learning technologies,
cloud computing, and feedback in calibrat-
ing robots based on experience (i.e. historical
data, also understood as big data) are oppor-
tunities for a company to build a competitive
advantage (Weck and Reed, 2014). The invest-
ments made require financial resources. As an
example, the German industry assumed a level
of investment of a total of 40 billion euros in
Industry 4.0 every year until 2020. Applying
the same investment level to the European in-
dustrial sector, the annual investments were
to be as high as 140 billion euros (Geissbauer
et al,, 2016). The promoted Industry 4.0 tech-
nologies are implemented in manufacturing,
commerce, services and other businesses.
Examples include tracking the flow of prod-
ucts in the supply chain on mobile devic-
es — using database networks (blockchain),
impersonal forms of sales and customer ser-
vice (customer service by chatbots) support-
ed by mobile marketing, Internet market-
ing, artificial intelligence, omnipresence etc.
(Ungerman, Dedkovd, 2019).

2. Material and methods

The research methodology has been divided
into three parts. The research is the result of
reviewing secondary sources of information
in the form of bibliometric analysis and gath-
ering primary information on the basis of
direct research conducted in the SME sector

and expert opinions. The individual stages
of the research are presented in Fig. 1. The
choice of research methods was conditioned
by the adopted detailed objectives of the re-
search, which resulted from the key objective.
The key aim of the research was to identify
trends influencing Industry 4.0. The specific
objectives were as follows:

A1: to determine the interest of scientists
in the topic of trends / to determine the dis-
tribution of scientific productivity / progress
in the number of publications / authors pub-
lishing works on trends. For the purpose of
the research, trends were organised by cate-
gory/type into technological trends, social
trends, economic trends, and environmental
trends. Bibliometric analysis was applied at
this stage of the research. Bibliometrics can
be considered a form of organising and cat-
egorising knowledge. It provides a reference
to those of its resources that allow for the
codification of given knowledge with a given
reference among other possible references
(Wouters, 1999). According to A. Prichard
(1969), bibliometrics is a set of research
techniques that can be used to analyse pub-
lications. A distinction is made between
evaluative bibliometrics concerning the as-
sessment of scientific centres or researchers,
which is based mainly on citation indexes
of articles (Solla Price, 1976; Bornmann and
Daniel, 2008), and descriptive bibliometrics,
which is used in analyses of trends in scien-
tific research, the identification of relevant
researchers or research centres. A descriptive
approach was used for the planned analyses.

A2: the arrangement of key determinants
of Industry 4.0 in terms of opportunities for
and threats to enterprises. On the basis of di-
rect research, opportunities and threats to the
implementation of the pillars of Industry 4.0
in enterprises were identified. The results
of the research were published (Saniuk et
al., 2020). In order not to duplicate the re-
search results, the authors applied force-field
analysis based on the primary information
collected during the survey research. The



study was conducted using the CAWI meth-
od (a standardised computer-based internet
interview). The research tool was a ques-
tionnaire consisting of 25 questions (closed,
complex, filtering, conditional and tabular).
The survey questionnaire consisted of three
parts and specifications. The first part con-
tained questions in the field of customisation;
the second part concerned issues pertain-
ing to the implementation of the concept of
Industry 4.0 in Poland; while the third part
was related to the benefits of Industry 4.0.
The questionnaire was validated, and a pi-
lot study was conducted among 15 experts
with knowledge of Industry 4.0. The ques-
tionnaire was corrected for their comments.
The respondents were potential custom-
ers representing the Silesian, Lower Silesia,
Greater Poland and Lubuskie voivodships;
as such, the assumption that it is an infinite
population may be made. Assuming a con-
fidence level of 0.99 and an error of 10%, it
was determined that the minimum size of the
general population should be 166 customers.
Therefore, the information contained in the
surveys received can be treated as representa-
tive, as a total of 504 opinions were obtained.

Force-field analysis uses the assumption
of Kurt Lewin (1951) that every change is
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the resultant of two types of forces: driving
and inhibiting. Force-field analysis is a tool
that helps to identify and analyse the forces
(factors) that support or hinder change. This
analysis is used by companies, among others,
to determine the strategy of action in the area
which is the subject of study (Thomas, 1985;
Maslen and Platts, 1994). In the adopted re-
search topic, the aim was to determine the
strength of the positive or negative impact (in
the opinion of respondents of the surveyed
segment) of Industry 4.0 technology. The re-
sults of the analysis can be used to determine
the strategy of companies in their transfor-
mation to Industry 4.0.

A3: determining the strength of the im-
pact of trends on the pillars of Industry 4.0.
The goal was achieved on the basis of ex-
pert opinions. The experts comprised six
scientists studying Industry 4.0 (in terms
of its impact on management) and six rep-
resentatives of companies that have already
implemented at least five pillars of Industry
4.0. The knowledge of experts was used in
the construction of the interaction matrix
of trends and key technologies of Industry
4.0. The method was implemented in accor-
dance with the Delphi method of research
(Sudol, 2016).
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Figure 1. Methodology for researching the impact of socio-economic trends
on shaping the Industry 4.0 framework

Research topic: Key trends and their impact

on setting the Industry 4.0 framework

Research methods:

Bibliometric analysis/bases: Web of Science and
Scopus/scope: scientific publications Aim of analysis: to
determine the number of scientific publications in each trend
category: technological, economic, social and environmental.

Direct research/ method: survey/ tool: questionnaire/segment:
SME Research objective: Industry 4.0 trends in terms of

1
Result: trend segments
2
opportunities and threats.
Result: Force-field analysis
3

Expert assessment/experts: academic staff/ Scope of the
analysis: to assess the strength of the impact of socio-
economic trends on shaping the pillars of Industry 4.0.
Result: interaction matrix

Source: own elaboration

3. Results
3.1. Bibliometric analysis

Based on the bibliometric analysis, the au-
thors presented a schema for the relation-
ship between Industry 4.0 technologies
and the discussed trends. Although the di-
agram demonstrates a high level of gener-
ality, it presents a key trend framework for
the promoted changes. This framework is
to be found in ecological, sociological and
economic trends. Individual trends were
identified from publications in the WoS
and Scopus databases. The number and ar-

eas of research were systematised into four
streams: ecological, social, technological
and economic. The time span of the analy-
sis was set for the period of 2000-2020. The
analysis period being longer than the dura-
tion of Industry 4.0 was due to the nature of
the trends (it is assumed that the trend lasts
for several decades). The analysis was per-
formed in the following fields: titles, key-
words and abstracts. Identical criteria were
used in searching the research areas in each
trend segment. The number of publications
is summarised in Table 2.
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Table 2. Number of publications by trend segment

Trends
Database - - - -
Ecological Sacial Technological Economic
WoS 239 0667 818 087
Scopus 230 119 1519 1540

Source: own analysis based on the WoS and Scopus databases.

The three trend areas, namely social, tech-
nological and economic, show that the num-
ber of publications in the Scopus database
clearly outweigh the number of publications
in the WoS database. In the period from 2000
to 2020, the number of publications has grown

more rapidly in recent years, especially con-
cerning technological, economic and social
trends. After 2011, the number of publications
in the technology trends segment increased
sharply in the Scopus database. The results of
the analysis are summarised in Figure 2.

Figure 2. Number of publications in trend segments

180 —&— WoS: ecological

160 & WoS: technological
—¥— Scopus: ecological

140 —+—Scopus: technological

Publications

- NN T B O N ®
© © © © © © © ©
© © © © © © © ©
N N N N N NS

Source: own analysis based on the WoS and Scopus databases

Based on the review of publications, a list
of the five research areas with the most pub-

2009

—— WoS: social

Wo0S: economic
—&— Scopus: social
—=— Scopus: economic

2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

lications was compiled by trend as shown in
Table 3.

Table 3. Trend segment research areas

Data- Trends
base Ecological Social Technological Economic
Environmental Sciences Business Eco- Engineering Electrical 138 Economics, Economet- 18
Ecology nomics Electronic rics and Finance
Computer
Plants Sciences 42 Sociology 84 Science 89 Environmental Studies 75
2 information systems
= o Camputer Science Environmental
Forestry 31 Social Sciences 65 Theory Methods 83 Sciences 68
Science 1chnology 1 ¢omourer Science 63 Telecommunications 67 Business 57
Other Topics

Biodiversity Conservation 14 Engineering 56 Management 56 Management 57
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Agricultural and Biologi-

. 120 Social sciences 517 Engineering 643 Social Sciences 614
cal Science
Environmental Science 78 A dndHuman- o Computer Science 51 CUsiness, Management .,
9 ities and Accounting
[=3 i -
g forthandPlanetory 5 e 175 Social Science 263 Eoonomics, Economet- g,
Science rics and Finance
Social Sciences 20 Computer Science 159 CUSness Management. ., Engineering 239
and Accounting
Materials Science 13 Engineering 114 Materials Science 163 Enviranmental Science 217

Source: own analysis based on the WoS and Scopus databases

Repeated study areas (comparing the
two databases) were summed and resulted

in a common study area matrix for the four
trends as shown in Figure 3.

Figure 3. Research areas in particular segments of trends

Research areas in ecological trends

Environmental
Science

Materials Agricultural and
Science 100 Biological...
Biodiversity 50

. Plants Sciences
Conservation

Science

Technology... Forestry
Sodial Sciences D
Planetary...

Telecommunications 400

Research areas in technological trends

Engineering Electrical
Electronic
00

600
Computer Sciences
200

0

Materials Science Sodial Science

Business, Management
and Accounting

Research areas in social trends

Sodial Sciences

C =

Sociology 400 Computer Science

200

Arts and
Humanities

Business
Economics

Engineering Medicine

Social Science$
600
4 . |
Economics,
Engineering Econometrics and
Finance
0 . J
(Business, Managemen Environmental Studies
and Accounting and Sciences

N

Source: own analysis based on the WoS and Scopus databases

3.2. Force-Field Analysis

It should be noted that there are operational
gaps in the process of implementation of new
technologies of Industry 4.0, for example, in
the issue of personal data protection, the de-
gree of information disclosure, the extent of
human control over robots, cooperation of
cyber-physical systems, information technol-
ogy security, and the personalisation of prod-
ucts (Saniuk et al., 2020). Table 4 summarises

the lists of negative and positive factors. The
list was created on the basis of direct surveys.
There are 13 negative factors and nine positive
factors. The strength of influence of each factor
was determined by the number of respondents’
indications. Individual factors may be trends
for Industry 4.0 if the strength of their impact is
maintained over a long period of time. Figure 4
shows, in the form of force-field analysis, the
range of gaps emerging in Industry 4.0.
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Table 4. The list of negative and positive forces

Negative Forces

Positive Forces

1. The danger of theft of “intellectual capital” in the case of
own designs of personalised products.

2. Dependence on the purchase of personalised products.

3. Difficulties with the service of personalised products
(e.g.lack of availability of spare parts).

4. Problems with returning personalised products to the
point of sale (return logistics).

5. The decrease in the number of stationary sales points
and an increase in electronic sales (e-commerce).

6. Ecological problems, e.g. the need to withdraw products
from the market more often.

7. Anincrease in the level of stress caused by the desire to
have new, personalised products.

8.Changes in the social structure, especially due to the
exclusion of people with low professional qualifications.

0.Excessive increase in the level of consumption for
personalised products and thus the risk of increased
demand for energy and enviranmental pollution.

10. Interest in foreign products produced by companies that

willimplement the Industry 4.0 concept faster and will
offer highly personalised products;

11. Adecline in competitiveness, especially of small and
medium-sized manufacturing enterprises, which cannot
afford to invest in new technologies;

12. Change in the employment structure including higher
requirements (required qualifications) in relation to
employees employed inindustry;

13. Technological unemplayment, which will affect the
decline in consumer demand.

1. Industry 4.0 can solve the problem of the lack of
employees with basic qualifications.

2.Reducing the number of elements of the supply chain.

3. Production of highly personalised products at a low
purchase price.

4 Higher level of on-time delivery of orders (orders).

5. Higher level of adjustment of the production offer to the
current client’s needs.

6.Increasing the availability of a wide range of products.

7. Increase in the quality of life through the opportunity to
purchase personalised products.

8. The possibility of active involvement in the design of
new products.

0. The possibility of developing new business models
based on the products of one’s own design produced
by enterprises of Industry 4.0.

Source: Saniuk, S.; Grabowska, S.; Gajdzik, B. Social expectations and market changes in the context
of developing the Industry 4.0 concept. Sustainability 2020, 12,1362

Figure 4. Power Force Analysis for Industry 4.0

0.8 1

negative M positive

Source: Own elaboration
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Respondents were able to select from
a list of five responses that they felt most ac-
curately described their subjective concerns.
The biggest negative factor for the mega-
trend — Industry 4.0 - is the risk of high invest-
ment costs in new technologies (53.3%) and
employees’ fear for their current jobs (49.3%).
The risk of technological unemployment and
falling consumer demand is also a strong fac-
tor (48.1%). In the segment of weaker negative
impacts are changes in the social structure,
especially due to the exclusion of people with
low professional skills (42.5%) and consump-
tion - the increased interest in highly person-
alised foreign products (42.3%). Niche factors
are the trend of customers’ dependence on
personalised products (19.8%). In terms of
positive factors, respondents also selected five
answers, the strongest being the trend of in-
creasing the level of adjustment of the produc-
tion offer to the current needs of the customer
(66.6%). The direction of shortening supply
chains (55%) and increasing the availability of
diversified and personalised products (53.8%)
are also firmly positive. The ability to active-
ly participate in the design of new products is
also a positive trend for customers (46.4%).

3.3. Expert evaluation

Nine pillars of Industry 4.0 (Table 5) and
nine technology trends were evaluated by
experts. The following technologies/pillars of
Industry 4.0 were included in the matrix:
1. Big data and analytics (1.4.0/1);
. Autonomous robots (I 4.0/2);
. Simulation (I 4.0/3);
. Horizontal and vertical integration
(14.0/4),
. Industrial Internet of Things (I 4.0/5);
. Cloud computing and manufacturing;
. Additive manufacturing;
. Virtual and augmented reality;
9. Cybersecurity.
List of key megatrends/trends (T):
1. Globalisation (T1);
2. Digitalisation of the economy and de-
velopment of ICT (T2);
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3. Informatisation of society/computeri-
sation (T3);
. Sustainability (T5);
. Knowledge economy (T5);
. Mobility of society (T6);
. Smart business/virtualisation of or-
ganisations (T7);
8. Personalisation/customer orientation
(T8);
9. Process approach/process optimisa-
tion/productivity (T9).

The strength of influence of trends on the
development of pillars was determined by an
expert method using a five-point Likert scale.
The answer variants used were as follows:
definitely no impact strength, no impact
strength, no opinion, visible impact strength,
definitely visible impact strength. A total of
10 experts participated in the survey; the an-
swers obtained were aggregated on a point
scale, and the results obtained - in the form
of averaged numbers - were presented by co-
lour intensity from red to green. An example
of the interaction of trends on the pillars of

Industry 4.0:
I ]

Where: red - no interaction, green - strong
interaction

Based on the experts’ answers to the
question about the strength of the impact of
trends on the development of technologies
(pillars) of Industry 4.0, Table 5 was devel-
oped. Based on the analysis performed, the
information obtained is that four trends can
be considered key (due to their impact on
building the Industry 4.0 framework). They
are as follows: T2: Digitalisation of the econ-
omy and development of ICT technologies
(predominance of green intensity adopted for
the strong impact of the trend on the pillars of
Industry 4.0); T5. Knowledge economy (also
a strong green intensity); T7: Virtualisation
of organisations and smart business, as well
as T8: Customer orientation and personalisa-
tion of products.

NN U
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Table 5. Matrix evaluation of the impact of megatrends and socio-economic trends
on the development of Industry 4.0 technologies

Trends/Pillars
Industry 4.0

Tl
T2
13
T4
15
T6
T
18
19

14.0/1 140/2 140/3 14.0/4

140/5 140/6 140/7 14.0/8 14.0/9

Source: Own elaboration

4. Discussion

Industry 4.0 refers to the fourth industrial
revolution, in which it is assumed to be a vi-
sion of smart factories built with intelligent
cyber-physical systems. Under the proposed
concept of Industry 4.0, there is a close con-
nection between physical objects and infor-
mation networks. Sophisticated networks
of enterprises, connected by intelligent re-
sources, communicating via the Internet,
are emerging. The effectiveness and effi-
ciency of the new functioning requires that
enterprises create new innovative solutions
and formulate new strategies. Based on the
literature analysis, the dominance of tech-
nological trends over the others in the re-
search areas of the researchers was assert-
ed. The key research area in the technology
trends segment is the engineering, electron-
ics, electrical and computer sub-segments.
Such research areas confirm the popularity
of Industry 4.0. However, there is still lit-
tle attention paid to managerial aspects.
Companies need to set new strategies for
operating with digital solutions and ad-
vanced robots for product manufacturing,
as Fasth-Berglund and Stahre (2013) also
point out.

It is important to note that there are op-
erational gaps in the implementation of the
new technologies of Industry 4.0, e.g. in the
protection of personal data, the degree of
information disclosure, the extent of human
control over robots, the cooperation of cy-
ber-physical systems, IT security or product
personalisation.

The globalisation of brands, the grow-
ing availability of products, and the ability
to make purchases on the other side of the
world without leaving home are just some of
the opportunities provided by the modern
consumer market. Its increasingly dynamic
development also means that gaining com-
petitive advantage goes beyond the classic
norms of competing on price, availability
and quality. However, the competitiveness
of companies that have based their strategy
solely on production is currently decreasing,
which to some extent is the result of market
pressure from consumers who wish to par-
ticipate in the product design process. As
confirmed by the research, modern custom-
ers are already accustomed to a large selec-
tion and privileged position in which they
find themselves; they expect more than just
the best quality product at the lowest price.
Customers expect to be able to personalise
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products, and this phenomenon is already
quite evident in many industries, especially
in the clothing and footwear, consumer elec-
tronics and automotive sectors.

Conclusions

The research results and considerations pre-
sented in the article confirm that Industry 4.0
is a megatrend that requires radical changes
at the strategic and operational levels of busi-
ness operations. It has been shown that the
most important trends are: the digitalisation
of economy and development of ICT, the
knowledge economy, virtuality of organisa-
tions and smart business, as well as customer
orientation and the personalisation of prod-
ucts. In the current research, it is possible
to identify the dominance of technological
trends over the others in the research areas
of scientists. The key areas of research in
the technology trend segment are engineer-
ing, electronics, electrical and computers.
A still under-recognised area relates to social
changes resulting from the implementation
of Industry 4.0.

Industry 4.0 is a megatrend not only for
business environments, where the technol-
ogies of the fourth industrial revolution set
new trends, but also for society. Technological
changes influence societies, economy and
ecology. A new quality of life is being created
in societies, social structures and households
are changing, and consumption models are
changing with them. For economies, indus-
try is the production of added value char-
acterised by economic growth measured by
GDP per capita. Society expects Industry 4.0
to reduce the negative impact on the environ-
ment and to use the environment rationally.
These four trend streams are interrelated,
with technological trends building Industry
4.0 at their centre.

The research presented in this paper has
the following limitations: the literature anal-
ysis was conducted using only two databas-
es — WoS and Scopus, and the force-field

analysis presented does not take into account
the relationship or force between these fields.

The discussion presented in the article
opens further opportunities for research
in the field of adjustment of enterprise de-
velopment strategies to implementation of
Industry 4.0 technologies, the development
of the Society 5.0 model and the principles of
operation of Economy 4.0.
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