
Chapter 1
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Advantage in the Age of Industry 4.0:
Conclusions from International
Experience
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Abstract Industry Revolution 4.0 generate significant issues to still a large group
of enterprises and often even barriers to the processes of their further growth or
improving market competitiveness. Unfortunately, awareness among the businesses
regarding their specificity, prevalence and real consequences is limited. This is why
identification of major problems of effective shaping of enterprises’ competitive-
ness in the Industry 4.0 era is the research problem. Consequently, the main goal
of the paper is to identify and map the key barriers and potential sources of failure
in processes of building competitive advantage of enterprises operating in the age
of Industry 4.0, the so-called Black Points and creation of a specific “Road Map”,
which is a path/algorithm of actions illustrating how organisations can better pre-
pare themselves to overcome these key barriers. The research was based on a review
of the literature on strategic management, competitiveness of businesses, theory on
competitive advantage or describing requirements that organisations face in the age
of IR 4.0. The collected data was compared with the empirical results of research by
global management consultancies who assessed the problems and degree of imple-
mentation of IR 4.0 solutions and preparation of enterprises from various countries
to the requirements of IR 4.0.
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1.1 Introduction

Industry Revolution 4.0, IR 4.0, brings not only chances and opportunities to con-
temporary organisations,1 but also difficult challenges.2 Many of those challenges
generate significant issues to still a large group of enterprises and often even bar-
riers to the processes of their further growth or creating market competitiveness.3

Unfortunately, the awareness among the businesses regarding their prevalence and
real consequences is limited. This brings surprises, discouragement and resistance in
relation to the changes required on the path to building competitive advantage typical
to the age of IR 4.0, changes and the accompanying investment/implementation pro-
cesses. Seemingly, the occurrence of such situations can be limited. Support may be
given by promoting, among businesses, academic lecturers and students the so-called
good business practices for the discussed subject and signalling the key, most com-
mon issues, called “Black Points”. Regrettably, the latter ones are rarely described in
the literature on the subject, even though they may act as significant “warning signs”
in the organisational transition processes that are currently conducted in practice.

The research problem of the article is identification and help in reducing major
problems of effective shaping of enterprises’ competitiveness in the Industry 4.0
era. That is why the main goal of the paper is to identify and map the key barriers
and potential sources of failure in processes of building competitive advantage of
enterprises operating in the age of Industry 4.0., the so-called Black Points (Black
Points of Competitive Advantages IR 4.0—BPCA 4.0), and propose a specific “Road
Map”, which is a path/algorithm for actions that will make it possible to avoid them
or prepare for them.

In the theoretical part (Sect. 1.2) of the paper, research was based on a systematic
review of world literature on strategic management, competitiveness of businesses,
theory on competitive advantage and describing requirements and organisational
issues in the age of IR 4.0. The bibliometric analyses were conducted on Web of
Science Core Collection and Scopus databases. The research resulted in collecting
the data showing the current state and growth in the interest in the problems of
Industry 4.0, which also allows for indicating some theoretical/empirical gaps. Given
the above, in Sect. 1.3, the authors focused on presenting a (prototype) of a model
concept for the process of achieving competitive advantage in the age of Industry
4.0. The key CA IR 4.0 barriers and inhibitors, as well as catalysts and accelerators
for this process, were separately presented in blocks.

Aftermethodical Sect. 1.4, in the empirical part of the paper (Sect. 1.5, Results and
Discussion), the model presentation was compared to results of research published
in various scientific articles about “Industry 4.0” (see the references), as well as
published by global management consultancies attempting to assess the degree of
implementation of IR 4.0 solutions in various industries and the degree to which
businesses from various countries are prepared for the requirements of IR 4.0. The

1See, i.e. [9, 21, 22, 47].
2See, i.e. [32, 40, 42, 58].
3See, i.e. [2, 3, 4, 7, 8, 12, 33, 49].



1 Barriers of Creating Competitive Advantage in the Age … 5

following reports were analysed: [16, 31, 41, 55]. Empirical research showing and
verifying the validity of the proposed model was carried out. Verification of the
hypotheses formulated in the paper and an attempt to assess how commonly in
the economic practice the key “Barriers of CA IR 4.0” occur using the individual
platforms then acted as a basis for formulating the “Map of Black Points of CA IR
4.0 creation” and proposing the recommendation on how to circumvent or defeat
those barriers. The study is summarised with the conclusions from the conducted
research.

1.2 Literature Review

In order to identify the key drivers for the processes of building competitive advantage
of enterprises operating in the age of Industry 4.0, the literature on the subject was
researched. Bibliometric research is the first part of conducted desk research. It aimed
to confirm the existence and assess the size of identified research gap related to the
problems and barriers of building a competitive advantage of enterprises in the Indus-
try 4.0 era. In-depth (systematic) literature review is the second part of conducted
desk research. Its purpose was to systematise and prioritise negative determinants
(barriers) of effective building a competitive advantage in the Industry 4.0 era.

The bibliometric research was conducted using the method of a systematic review
of the literature on “Industry 4.0” available in two international databases—WoS CC
and Scopus. It was supported with in-depth bibliometric research.

The analytical work was focused on studying the selected data sets, taking
account of “type of publication”4 and “scientific field/research area”.5 Such approach
is a certain novelty as compared to the bibliometric analyses of the subject of “Indus-
try 4.0” performed by other researchers.6 Secondary research of the selected papers
showed that inmost of such publications, reviews and comparisons used full aggrega-
tion, i.e. selectionof datawas knowingly givenup, i.e. the researchfield/specialisation
was disregarded. Therefore, the results obtained in the above casesmay be considered
to be low reliability and not fully valid if the objective is to recognise and analyse
the output of the literature on “Industry 4.0” within the discipline of management
and related sciences.

4Only the following types of publications were taken into account: articles, proceedings, reports,
book chapters. Therefore, publications excluded included, e.g. reviews, news items/notes, or edito-
rial materials, etc.
5In the case of analyses based on WoS CC resources, only the publications indexed in
at least one of the following Web of Science Categories were taken into account: busi-
ness/business finance/economics/management/operations research management science/planning
development/engineering manufacturing. When selecting the data sets to be obtained from Scopus
database, filterswere used,which caused further analyses to be conducted on publications indexed in
at least one of the following categories (Scopus): Business,Management andAccounting/Computer
Science/Decision Sciences/Economics, Econometrics and Finance/Engineering/Environmental
Science/Social Sciences.
6See: [6, 30¸ 43].
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The work started by preparing the bibliometric map. To do that, VOSviewer
software was used,7 to which the data obtained from WoS CC database was input
(obviously, taking account of only the literature in the field/discipline ofmanagement
and related sciences) reflecting the volume of indexed publications containing in the
title the keywords {Industry 4.0,8 competitiveness,9 competitive advantage,10 open
resources,11 open culture,12 open knowledge13}.

In the era of Industry 4.0 “open culture”, “open knowledge” and “open resources”
are the basic sources of enterprises competitive advantage. If they are successfully
developed in a conscious and long-term manner, they have a chance to generate their

7It is a software tool for constructing and visualizing bibliometric networks.
8Industry 4.0 → The concept of Industry 4.0 appeared in the literature in the year 2011 [27, 50].
It helped entrepreneurs to realise key developmental directions for the near future that determine
the possibilities of gaining and maintaining competitive advantages. The Industry 4.0 challenges
encompassed several areas such as: AutonomousRobots, Simulations, Vertical/Horizontal Software
Integration, Machine-to-Machine Communication (M2M), Industrial Internet of Things, Internet
of Services, Big Data and Analytics, Clouds, Additive Manufacturing, Augmented Reality, Virtual
Reality, Cyber-Physical Systems, Digital Twin, Artificial Intelligence, Neural Networks, Cyberse-
curity andMass Customisation. At the same time, considerations accompanying the concept pointed
to a need to respect six key principles of effective competition under the conditions of Industry 4.0.
These principles are: (1) inter-organisational cooperation, (2) virtualisation of business activities,
(3) decentralisation ofmanagement processes, (4) real-time assessment of all kinds of organisational
capabilities (e.g. production, sales, transport, warehousing capabilities, etc.), (5) service orientation,
and (6) modularity of the proposed products, services and other types of solutions Hermann et al.
(2015).
9Competitiveness → The organisation’s competitiveness is the state of the organisation’s dynamic
balance, developed due to its strategic fit. It is a relatively permanent system of relations between
the organisation and its environment, as well as within the organisation itself, which allows it to
comply with the requirements of the organisation’s environment and members (in the material and
technical, as well as political and social sense).
10Competitive advantage → It is the ability of a given organisation to consciously identify, imple-
ment, develop, protect and obtain benefits of unique resources and skills (encompassing all the
organisation’s value chain links) which, being desired and valued by the market, are not available
to the same extent to other competitors. Such an advantage appears when resources are configured
and exploited in a proper manner. It leads to a situation in which a company has something that
distinguishes it in the market out of the ranks of its competitors, i.e. special assets that allow it to do
something better or differently from its competitors, and consequently achieves better results that
lead to a specific superiority over other.
11Open resources → This openness should apply to an enterprise’s resources as well as resources
of its customers, suppliers and competitors. In fact, it should encompass entities that have comple-
mentary skills and do not hesitate to use them in relationships of co-creation with other sectors.
12Open culture → It is the type of culture characterized by the so-called openness to space, which
means openness to change, openness to uncertainty and openness to flexibility. Such culture should
be characterized by openness to learning as well as promoting and encouraging flexibility and
creativity.
13Open knowledge → It is a common good fromwhich everyone can benefit, a staff member and an
organization itself or its business partners. Moreover, everyone can participate in its development.
Knowledge is open if everyone has free access to it, can use, modify and share it with others,
subject to the requirements of, at most, the determination of the sources of its origin or maintaining
its openness.
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Fig. 1.1 Bibliometric map of keyword associations. Source Own elaboration

high competitiveness. The reason “why it is as it is” is quite simple.Due to enterprises’
openness in different areas of their business activity, they can dynamically respond
to changes in a volatile environment and reduce its complexity. Therefore, openness
of enterprises should be seen as a key factor in raising the competitiveness of the
European economy [5].

The map in Fig. 1.1 shows the subject of Industry 4.0 is closely related to compet-
itiveness (cluster: “competitiveness”), development (cluster: “development”), enter-
prises/entrepreneurship (cluster: “enterprise” and “SMEs”) and performance (clus-
ter: “performance”). Contrary to the expectations, there was no statistically sig-
nificant connection between the subjects: “Industry 4.0” and “barriers of creating
competitive advantage in the age of industry 4.0”.

This result encouraged us to explore the case closer. To that goal, detailed analyses
were performed, consisting of several stages, using the principle “from the general
to the specific”. Working on WoS CC database, first we prepared a comparison
of bibliometric data including publications containing the keyword “Industry 4.0”,
which described the character of the article (filter: “topic”), then limiting them to
those containing the keyword “Industry 4.0” in the title (filter: “title”). To achieve
a deeper analysis, then data sets were created containing publications containing
in their titles the combination of keywords: “Industry 4.0 and barriers”, “Industry
4.0 and competitiveness”, “Industry 4.0 and competitive advantage”, “Industry 4.0
and open resources”, “Industry 4.0 and open culture” and “Industry 4.0 and open
knowledge”. A similar approach was applied to the analyses of Scopus database.
First, for the keyword “Industry 4.0”, a set was filtered using “article title, abstract,
keywords”,14 and then using the filter “article title”.15 The deepened analyses used
the filter which allowed us to pick up the articles with given subjects (again filter

14Equivalent of filter “topic” used with WoS CC.
15Equivalent of filter “title” used with WoS CC.
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“article title, abstract, keywords”). The achieved data was then subjected to detailed
analyses.16

Next, a ranking of “Top publishing” countries was created, and histograms
showing the increments in publishing articles containing a given keyword/keywords
in the title (or specifying the subject matter). The results of the above work are
presented in Table 1.1 (WoS CC database bibliometric data), Table 1.2 (Scopus
database bibliometric data) and Fig. 1.2 (WoS CC and Scopus data about dispropor-
tion between articles about Industry 4.0 and articles about barriers of Industry 4.0)
and Fig. 1.3 (WoS CC and Scopus data about top publishing countries).

After analysis of the data shown in Table 1.1 (WoS CC database bibliometric
data) and 2 (Scopus database bibliometric data) and those shown in Fig. 1.2 (WoS
CC and Scopus data about disproportion between articles about Industry 4.0 and
articles about barriers of Industry 4.0) and 3 (WoS CC and Scopus data about top
publishing countries), it can be concluded that:

1. The subject of Industry 4.0 is relatively often discussed in articles representing
the subject matter (discipline) of management and related sciences. The database
WoS CC indexed n = 711 and 224 (filter: “topic” and “title”) articles containing
keyword “Industry 4.0”. For Scopus database, it was, respectively, n = 2732 and
820 publications.

2. There is a high disproportion between the volume of articles “generally”
discussing the subject matter of Industry 4.0 (n = 711 and 224 for WoS CC
and n = 2732 and 820 for Scopus), and the volume of articles focusing on the
specialised aspects, i.e. “the barriers for implementing solutions related to
Industry 4.0” (n = 13 and 34—see Fig. 1.1), “competitiveness” (n = 49 and 77)
and “creating competitive advantages” (35 and 49) in the reality of Industry 4.0
revolution, or relations to the use of “open resources” (n = 17 and 24), “open
culture” (4 and 4) and “open knowledge” planes (17 and 23).

3. The most often cited publications related to Industry 4.0 are cited much more
often than others—those with “average” citations (WoS CC: h-index = 23 and

16Based on the data obtained from WoS CC, the following were determined:

1. n = number of articles indexed in the Web of Science Core Collection database that contain a
given keyword;

2. h = h – index for all articles;
3. C = sum of times cited (without self-citations);
4. WoS “X” = highest citation value;
5. ACR = average citations per item;

Based on the data obtained from Scopus, the following were determined:

1. n = number of articles indexed in the Scopus database that contain a given keyword;
2. C = sum of times cited;
3. HCV = highest citation value for an article;
4. “X/Y /Z/…” = number of citations of article with highest citation value (descending order);
5. FWCI = Field-Weighted Citation Impact.
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Fig. 1.2 WoS CC and Scopus data about disproportion between articles about Industry 4.0 and
articles about barriers of Industry 4.0. Source Own elaboration

Fig. 1.3 Top publishing countries about Industry 4.0 (WoS CC and Scopus data). Source Own
elaboration

ACR = 3.38 and h-index = 11 and ACR = 3.29; Scopus: FWCI for the most
often cited article = 6.97!).

4. In terms of publications, the top centres are from Germany, Italy, and the USA,
given the number of publications indexed inWoS CC/Scopus, for which the key-
word “Industry 4.0” described the subject matter (filter “topic”). It is respectively
n= 156 and 777 for publications fromGermany, n= 55 and 233 for publications
from Italy and n = 51 and 195 for publications from the USA.

5. In terms of the volume of articles published, forwhich the keyword “Industry 4.0”
is included in the title, the most publications are from centres in Germany, Czech
Republic, England (WoS CC: n = 41/24/18) or Germany, Italy and England
(Scopus: n = 285/66/42).
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6. Both databases indexed publications from Poland, however, their share at best
ranks “us” at the end of the top ten most active publication “centres”.

7. The three (3) articles generally dealing with the subject matter of Industry 4.0
with highest number of citations containing a given keyword/keywords:

– WOS CC17: [37]/(Times Cited = 226)]; [35], (Times Cited = 197)];
[56]/(Times Cited = 122)];

– Scopus18: [36]/Citations in Scopus = 709; FWCI = 86.97]; [37]/Citations in
Scopus = 328; FWCI = 113.95]; [35]/Citations in Scopus = 310; FWCI =
21.26].

8. The three (3) most often cited articles dealing with the subject of the benefits
(advantages) of implementing Industry 4.0 are:

– WOSCC: [34]/(TimesCited= 8)]; [54]/(TimesCited= 3)]; [21]/(TimesCited
= 1)];

– Scopus: [34]/Citations in Scopus = 17; FWCI = 7.51]; [19]/Citations in Sco-
pus = 5; FWCI = 0.79]; [22]/Citations in Scopus = 3; FWCI = 0.38].

9. The three (3) most often cited articles dealing with the subject of barriers and
issues in implementing Industry 4.0 are19:

– WOS CC: [29]/Times Cited = 3]; [11]/Times Cited = 2]; [58]/Times Cited =
2];

– Scopus: [42]/Citations in Scopus = 2; FWCI = 1]; [40]/Citations in Scopus
= 1; FWCI = 1,12]; [32]/Citations in Scopus = 0; FWCI = 0.00].

The general and detailed bibliometric analyses conducted clearly showed that
even though the subject of barriers to building competitive advantage in the age of
Industry 4.0 is developing, the publication volume on that subject20 is relatively low
as compared to the publication volume of articles on the general subject of “Industry
4.0”21 (see Tables 1.1 and 1.2). Due to the fact that the essence of IR 4.0 is most
often considered in practice to be skilful implementation of a combination of new IT
technologies, Internet of things mainly and new production, transport and handling
technologies plus new materials and related processes, contemporary organisations
must learn to live and function in networks of various types of relationships not only
in the real but also in the virtual/cyber plane of activity (in the virtual reality). In
order to meet this challenge, they unfortunately must undergo changes related to:

(1) technologies they use,
(2) their organisational solutions, but also the
(3) relationships they use and develop and their social competencies.

17The search used the filter “title”.
18The search used the filter “article title” (equivalent of “title” in WoS CC).
19As an exception, filter “topic” was used, as the filter “title” yielded very little valuable results.
20During the last 5 years for WoS CC:0/1/2/5/5 and for Scopus: 1/1/3/10/17.
21During the last 5 years for WoS CC:2/5/36/103/73) and for Scopus: 32/83/122/226/319.
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New technologies [23, 48] must be supported by concepts and models that are
appropriate for IR 4.0 [10], as well as appropriate strategies of both development
and competition of businesses [2, 1], functional strategies [13], structural solutions
[15, 44] and their supporting relationships, competencies and social attitudes of
employees and managers [39]. Due to the fact that such solutions concern so many
different areas, business practitioners often find it difficult to formulate consistent,
well-directed and highly effective programs that prepare their companies to the age
of Industry 4.0.

This observation inspired us to work on “Determinants of achieving competitive
advantage in the age of Industry 4.0→CA IR4.0” (stimulating and blocking factors),
on three special blocks/platforms: Technological Platform, Knowledge Platform
and Human Resource Platform.

It should be noted that the in-depth literature review has provided convincing
evidence that when describing the most important CA IR 4.0 barriers one should
focus on: Technological Platform, Knowledge Platform and Human Resource
Platform [1–4, 11, 13, 15, 23, 29, 32, 40, 39, 42, 44, 48]. That is why authors decided
to define and try to validate the following main hypothesis:

• MH: Barriers of creating Competitive Advantage in the age of Industry 4.0 (Black
Points CA IR 4.0) are present on many related to each other planes (platforms) of
competitive potential of contemporary organisations.

In order to be able to better verify the above main hypothesis, detailed hypotheses
were formulated:

• H1: Barriers and shortages occurring on Human Resource Platform block the
contemporary companies’ readiness to effectively use the Knowledge Platform
resources;

• H2: Barriers and shortages occurring onKnowledge Platform block the contempo-
rary companies’ readiness to effectively use the Technological Platform resources;

• H3: Barriers and shortages occurring onTechnological Platform block the contem-
porary companies’ readiness to obtain various Competitive Advantages associated
with Industry Revolution 4.0. (CA IR 4.0) and thus build strong (high) competi-
tiveness.

1.3 Determinants of Achieving Competitive Advantage
in the Age of Industry 4.0—Framework of Conception

The performed review of the literature allowed us to identify two problem areas that
are a key for the processes of building advantage: the plane of factors blocking the
readiness companies to creatingCA IR4.0 (BlackPoints) and the plane of stimulating
factors, fostering the real creation of CA IR 4.0 (Lighthouses). Those planes are
interconnected and compatible. They are connected by the plane of transitory and
adjustment actions to IR 4.0. Research showed that similarly to the mythical “tree
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of life”,22 or the model cycle of organisation’s life by Greiner23 [25] organisations
reach readiness to creating CA IR 4.0 by skilfully copingwith crisis situations typical
to IR 4.0. They do this by overcoming Black Points generated by their competitive
potential [17, 28, 53]. It is only the knowledge and experience acquired in these
actions that give them the skills necessary to create, stimulate and utilise the sources
of competitive advantage effective in IR 4.0 (Lighthouses), as shown in the research,
currently mainly inherent in the ability to create the so-called: Open Culture, Open
Knowledge and Open Resources [4, 5, 46, 57]. These observations were shown in
the original concept of the model “Tree of Life of CA IR 4.0”.

The model shows the role of quick and effective identification and elimina-
tion of key Black Points that may occur in each of the three, hierarchically inter-
connected platforms (HR/Knowledge/Technological Platform). By eliminating the
Black Points, organisations gradually increase the level of their readiness to create
competitiveness in the conditions of IR 4.0 by which they get closer to “PLANE
2—READINESS TO CREATING CA IR 4.0”. In order to go further and transit to
PLANE 3, they must be able to effectively implement and use methods, techniques,
tools, strategies and other solutions that are key to the age of IR 4.0, which should
support efficient creation of Open Culture, Open Knowledge and Open Resources
that are present in IR 4.0.

Due to the objectives of the paper, further analyses focus on PLANE 1—Black
Points of CA IR 4.0. Those barriers occur in many planes of the organisation (HG),
however, most often inHumanResource Platform, Knowledge Platform and Techno-
logical Platform. What is important, the factors from the first platform are the source
of multiplying Black Points, in the next two platforms. At the same time, the barriers
occurring in the second one (Knowledge Platform) initiate new issues in the third
(Technological Platform). This way, each of the platforms causes blocking of the
READINESS OFMODERN ORGANISATIONS TO CREATE CA IR 4.0 (H1, H2,
H3). Similarly, effective overcoming Black Points related to Human Resource Plat-
form reduces issues in the Knowledge Platform and coping in that platform weakens
barriers them may occur in the Technological Platform.

Therefore, the key to ensure effective competitiveness of enterprises in IR 4.0
seemed to be identifying the most common barriers to competitiveness on the base
platforms listed above, therefore the real Black Points of CA IR 4.0. This was
attempted in the empirical part of the paper.

22The Tree of Life perceived as a cultural pattern, symbolised the perpetual rebirth of nature and
had the gift of giving immortality (in Jewish, Christian, Muslim, Buddhist traditions, the Greek
myth of Heracles); it is also a bridge between two worlds—the lower, problematic one (roots, earth)
and the ideal, dream one (crown, heaven) [24, 38].
23History shows that the same organizational practices are not maintained throughout a long-life
span. This demonstrates a most basic point: management problems and principles are rooted in
time.
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1.4 Methodology

In order to identify the key real Black Points of CA IR 4.0 for the three base platforms
in the concept of platforms described above, breakdowns of24 “Key Parameters of
Readiness to CA IR 4.0” and the resulting “Potentially Black Points of CA IR 4.0”
were prepared based on the in-depth (systematic) review of the literature. “Key
Parameters” constituted certain benchmarks, meaning reference points for further
analyses, and even example sources of CA IR 4.0, i.e. the so-called Lighthouses.
Specific operating activities, related to them, which are the most difficult and the
most problematic for the contemporary enterprises, and the tools, competencies and
attitudes necessary to deliver them were considered to be “Potentially Black Points”.
Their elements or symptoms were looked for in the reports with up-to-date results
of research by global management consultancies attempting to assess the degree of
implementation of IR 4.0 solutions in various industries and the degree to which
businesses from various countries are prepared for the requirements of IR 4.0. The
following reports were analysed: [31],25 [16]26; [41]27; [55].28 The identified barriers
were assessed and classified. The assessment took account of how commonly29 a

24See, i.e. [3, 14, 18, 26, 45, 51].
25The report is based on data from 300 manufacturing industry CEOs. This data was part of the
2018 CEO Outlook, a survey of 1300 CEOs in 11 countries, conducted in early 2018 by Forbes
Insights on behalf of KPMG International. To support the data, KPMG International conducted a
series of interviews with executives at manufacturers around the world. Their experience, combined
with the views of KPMG professionals and sector leaders, provides valuable insights for today’s
manufacturers.
26This research is based on a survey of 1603 global executives conducted by Forbes Insights in
the second half of 2017. Survey respondents represented 19 countries from the Americas, Asia and
Europe and came from all major industry sectors. All survey respondents were C-level executives,
including CEOs/presidents (16%), with the rest evenly divided among COOs, CFOs, CMOs, CIOs
and CTOs. All executives represented organizations with revenue of $1 billion or more, with more
than half (53%) coming from organisations with more than $5 billion in revenue. Additionally,
Forbes Insights and Deloitte conducted one-on-one interviews with global industry leaders and
academics.
27The report is based on data from over 700 qualified respondents from companies with more than
50 employees and over USD 10 million in revenues, spanning a range of industry sectors from
automotive to chemicals to transport and logistics for seven key markets (Brazil, China, France,
Germany, India, Japan and the USA).
28Report gives expertise in developing supply chain maturity assessment tools, and the assessment
is designed around four readiness levels (beginner, intermediate, experienced and expert). They
have explicit statements of what needs to be achieved to reach that particular level of readiness for
each sub-dimension. This report has been designed to enable complete a self-assessment of your
company’s current Industry 4.0 readiness, providing a benchmark across a group of 53 companies
from 22 countries—74% of respondents were senior management or executives.
29A barrier was identified in:

• 0–19% of the tested sample = score 1 = barrier very low;
• 20–39% of the tested sample = score 2 = barrier low;
• 40–59% of the tested sample = score 3 = barrier average;
• 60–79% of the tested sample = score 4 = barrier high;
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given barrier occurred, and it was scored based on that. Expert classification allowed
to assign the identified symptom to one of 12 types of barriers separated in the
empirical research of Black Points of CA IR 4.0. The database created this way
was used to prepare the “Map of Black Points of Creating CA IR 4.0” and propose
recommendations on how to overcome these barriers.

1.5 Results and Discussion

During the analyses, 64 Real Black Points of CA IR 4.0 were identified (see in
Appendix Table 1.3). In the “Human Resource Platform” symptoms of 15 were
diagnosed, in “Knowledge Platform” 23 and in “Technological Platform” 26. In each
of them, the average rating of the diagnosed barriers was at average level. Relatively
highest average = 3.2 points (out of 5) was diagnosed in the “HR Platform”. For
the “Knowledge Platform”, the average rating of “Black Points” was at 3.1 points,
and for “Technological Platform” was at 3.0. When preparing to compete, the tested
enterprises therefore have relatively most difficulties with adjusting their human
resources to the requirements of the age of Industry 4.0.

In the “HR Platform”, the prevailing barriers were related to the areas of
“Leadership” (6 symptoms), as well as “Education” (3) and “Skills” (3) that were
unadjusted to the requirements of IR 4.0. Barriers related to the areas of “other
type” were also noticed (3). The highest barrier in this platform (5/5) was the Black
Point—Leadership resulting from incorrect management of human resources in the
examined organisations, and especially the “Talents” necessary in the era of digi-
tal transformation. This problem was found in as many as 83% of the companies
examined in 2017 by Deloitte and 69% respondents of McKinsey. It seems to be
the strategic problem from which others stem, especially those related to “Lack of
right workforce composition and the skill sets needed for the future” (Black Point—
Skills, diagnosed in 75% of Deloitte’s respondents) and “Retooling the capabilities
of workers and educate them on new roles introduced through digital transformation”
(Black Point—Education, diagnosed in 64% of KPMG’s respondents).

In the “Knowledge Platform”, the prevailing barriers were related to the areas
of “Management” (10 symptoms) and “Cooperation” (5) that were unadjusted to
the requirements of IR 4.0. Barriers related to the areas of “other type” were also
noticed (8). The highest barriers in this platform were related to:

• Black Point in Management aspect:

– Planning and organisation: Organisations are not highly capable of planning
for and addressing the effects that technology-driven Industry 4.0 changes have
on their organisational structures and employees (such issue was found in 93%
of Deloitte’s respondents). It generates “organisational inertia”, which occurs as

• 80–100% of the tested sample = score 5 = barrier very high.
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a group remains fixated on its past accomplishments to protect its current state,
while unknowingly blind to changes taking place within the marketplace.

– Innovativeness: Organisations are not ready to fully harness the opportunities
associated with Industry 4.0 (86% of Deloitte’s respondents have this issue).
Many executives continue to focus on traditional business operations, as opposed
to focusing on opportunities to create new value for their direct and indirect
stakeholders.

• Black Point in Cooperation aspect:

– Interdependence: The growth of global business networks changes the risk
landscape andmakes companiesmore vulnerable to external shocks. Companies
are becoming more interdependent. The biggest barrier to extracting value from
third parties is the difficulty of sharing data securely, so top-tier manufacturers
are becoming more selective about which companies they partner with (this
issue was diagnosed in 94% of KPMG’s respondents).

When analysing the character of the remaining Black Points identified, similarly
to the previously described platform, most of them seem to be caused by the above.

In the “Technological Platform”, the most common were the barriers related
to the abilities of effective implementing “New Technologies” (7 symptoms) and
“IT/ICT solutions” (6). A large problem was also elements of “Management” (5).
Barriers of “other type” were also noticed (8). Highest Black Points in this platform
were related to gaps with regard to IT/ICT. In 80% of McKinsey’s respondents a
“Lack of setting up a data lake across network in more than 50% of their plants”
was diagnosed, in 75% of them “Lack of use an advanced analytics platform at
scale” and in 70% “Lack of adopting specific Digital Manufacturing rollout-relevant
solutions company-wide”. It seems, however, they are a consequence of Black Points
for non-technology areas, such as:

• “Knowledge”→ Executives not ready for new delivery models or blurred lines
between industries (75% of Deloitte’s respondents);

• “Time” → Agility is the new currency of business if we’re too slow, we will be
bankrupt (70% of KPMG’s respondents);

• “Management”→ Lack of ROI as a major obstacle when implementing Digital
Manufacturing solutions at scale (61% of Mc Kinsey’s respondents);

• “Leadership” → Manufacturing CEOs don’t think they will need to improve the
way that they monitor market disruption over the next 3 years (60% of KPMG’s
respondents).

The above observations confirm the correctness of the model’s assumptions, in
which it was indicated that unsolved Black Points from lower platforms of “Tree of
Life CA IR 4.0” generate problems in the following, higher platforms, by which they
make it difficult, or even block the READINESS TO CREATE CA IR 4.0 (PLANE
2). It is also a premise to positively verify the detailed hypotheses formulated in the
last part of literature review section of the article:
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• H1: Barriers and shortages occurring on Human Resource Platform [Black Points
of Human Resource Platform] block the contemporary companies’ readiness to
effectively use the Knowledge Platform resources;

• H2: Barriers and shortages occurring on Knowledge Platform [Black Points of
Knowledge Platform] block the contemporary companies’ readiness to effectively
use the Technological Platform resources;

• H3: Barriers and shortages occurring on Technological Platform [Black Points of
Technological Platform] block the contemporary companies’ readiness to obtain
various Competitive Advantages associated with Industry Revolution 4.0. (CA IR
4.0) and thus build strong (high) competitiveness;

and consequently, also the main hypothesis:

• MH: Barriers of creating Competitive Advantage in the age of Industry 4.0 (Black
Points CA IR 4.0) are present on many related to each other planes (platforms) of
competitive potential of contemporary organisations.

It is worth mentioning that systematic review of the literature (in-depth literature
review/second part of desk research) also provided evidence for the validity of the
hypotheses—other researchers included similar conclusions and observations in their
papers.

For example, Saniuk and Saniuk [52] indicate that “Implementing the concept
of Industry 4.0 poses new challenges to companies, related to the need of building
cyber-physical systems and use them to conduct network cooperation. This requires
material investments in the area of automation, robotics, and computerisation […]
the future also requires significant investments in the area of preparing engineers
to apply (implement) those technologies […] an employee’s knowledge and experi-
ence will definitely be of the highest importance, and this requires preparing new
content and methods of professional training in the areas of production engineering,
mechatronics, automation, robotics, information technology or logistics”.

Our observation is also consistent with the one of Basl [9], who researched enter-
prises operating in the Czech Republic in terms of readiness to implement technolo-
gies related to Industry 4.0. As he noticed “Czech companies still lack own Industry
4.0 strategy and they don’t have assigned responsible persons who would take care of
further deepening of principles of Industry 4.0. […] The investigation has shown that
there is a large space for improvement in terms of delivery of available information
on Industry 4.0 to the employees. Most companies (56%) stated that their employ-
ees are not yet aware of what this new trend means. Only about 8% of companies
reported that Industry 4.0”.

Similar observations were noted by researchers dealing with the issue of Industry
4.0 barriers in the case of the manufacturing sector in Republic of China. Feng et al.
[20] came to the conclusion that “What Chinese manufacturing sector needs to do
now is to overcome the problems and gradually move towards industrial 4.0 […]
China’s manufacturing sector can build the platform consist of government, indus-
try, university, research unit, and customer to promote technological innovation in an
all-round way […] The industry 4.0 era will make the relationship between countries
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and the world becoming more and more closely linked, and their inter-dependence
is strengthening. Therefore, it is important to establish the manufacturing techno-
logical standards in line with the world’s standards […] In industry 4.0 era, the
requirement for the network is higher. So, China must build network infrastructure
tomeet the requirement […]Ultimately, all competition depends on the talent compe-
tition, so talent in manufacturing industry occupies an important position absolutely.
China’s manufacturing sector must build the Personnel-Training system to cultivate
intelligences who meet the needs of industry 4.0”.

Moreover, great inspiration in the creation of this article and the formulation of
hypotheses were the results of research carried out by Kamblea et al. [32] which are
published in “Computers in Industry” in article titled: “Analysis of the driving and
dependencepower of barriers to adopt industry 4.0 in Indianmanufacturing industry”.
Scholars postulate that “Industry 4.0 is a revolution in manufacturing, and it brings a
whole newperspective to the industry onhowmanufacturing canbe collaboratedwith
the latest technologies to get maximum output withminimum resource utilization […]
In this study, the ‘Barriers to adoption of industry 4.0’ (BTA) is identified based
on extant literature review and opinions of experts from industry and academia
[…] The present study identifies twelve barriers for Industry 4.0 adoption: BTA1:
Employment Disruptions, BTA2:High Implementation Cost, BTA3:Organizational
and Process Changes, BTA4: Need for Enhanced Skills, BTA5: Lack of knowledge
management systems,BTA6:Lack of clear comprehension about IoT benefits,BTA7:
Lack of Standards and Reference Architecture, BTA8: Lack of Internet coverage
and IT facilities, BTA9: Security and Privacy Issues, BTA10: Seamless integration
and compatibility issues, BTA11: Regulatory Compliance issues, BTA12: Legal and
Contractual Uncertainty”.

In the above context, it is also worth quoting the conclusions of Pluciński and
Mularczyk [47] regarding the situation in Poland. They indicate that “Currently,
Poland has no homogeneous ecosystem for introducing solutions resulting from the
idea of Industry 4.0. Creating it will require a bottom-up initiative of the enter-
prises themselves […] requires on-going investments in automation, robotics, and
human resources (operators and engineers) […] it will also be necessary to intro-
duce changes in business models, methods of planning long-term strategies or human
resources management”.

Lastly, Fonseca [21] also takes a similar position regarding the Industry 4.0 bar-
riers, claiming that “However, Industry 4.0 is still in the early stages for most com-
panies and the digital transformation will require a strong leadership, the right
human competences and to overcome the several barriers identified for its success-
ful implementation. Although the literature indicates that the adoption of Industry
4.0 improves companies’ performance, there are still many organizations that do not
apply and don´t feel comfortable about doing it. This leads to opportunities to further
investigate the areas where companies should prioritize the adoption of Industry 4.0
and to consider not only the technical aspects, but also the management, organiza-
tional and human dimensions, including what types of novel business models and
people skills are required for the future, and what are the change processes to make
it happen”.
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Bearing in mind the fragments quoted above (selected from many of the analysed
publications), it seems that the hypotheses put in this article fit fairly into the current
research on the impact of Industry 4.0 barriers. In our opinion, an attempt to verify
them provides valuable cognitive material that develops knowledge of management
sciences.

1.6 Conclusion

The process of building competitive advantage of enterprises in IR 4.0 conditions
should be detailed and considered throughout multiple layers. This is related to many
requirements posed to modern organisations by the accompanying “digital transfor-
mation” and net economy. In order to be successful in the market, the grassroots
work is necessary, i.e. preparing relevant structure and quality of the “Competitive
Potential”. For many organisations, this task brings significant barriers in the pro-
cess of reaching “Readiness to CA IR 4.0”, and in the bottom line to achieving the
“Desired (high) level of competitiveness → CA IR 4.0”. Although it might seem
that the key to success are new technologies, the reality is slightly different. Much
more is needed in order to be able to collect, implement and use such solutions. The
complete view of the necessary actions is quite clearly shown in the “Tree of Life
CA IR 4.0” (Fig. 1.4), and its details are provided in “The Map of Black Points of
Creating CA IR 4.0”30 (Appendix), and operationalised by the “Pointer of Readi-
ness to Competitiveness in IR 4.0”, which is a summary of the research described
above (Fig. 1.5).

As the above tools suggest, the progress of works on developing and strengthen-
ing an organisation’s ability to build and achieve CA IR 4.0 should be monitored in
a specific way. Firstly, attention should be paid to “HR Platform” of organisational
Competitive Potential. It is because it provides the key Black Points in the process of
building CA IR 4.0. They are usually related to the issues related to Leadership (1),
Education (2) and Skills (3). The absence of management competencies and talents
required in IR 4.0 very often blocks the creation of the training system specific to
IR 4.0 and the related incentive system, which in turn makes development difficult,
or causes a backlog with regard to knowledge, skills and attitudes typical to IR 4.0,
among employees and managers. Unfortunately, the effects of those gaps impact the
next of those platforms Competitive Potential—“Knowledge Platform” and bring
(cause) Black Points in processes of Management and Cooperation (both internal
and external) which usually are a consequences of lack of efficiently implemented
strategies, structures, or other tools typical to IR 4.0, as well as broadly understood
network cooperation. Those barriers block the use of the resources of the “Tech-
nological Platform”, resulting in having no significant ability to design, acquire,
develop or implement not only new technologies, but also digitise their activities.
What is important, those issues intensify when a given organisation fail to effectively

30See in Appendix Table 1.3.
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Fig. 1.4 Framework of conception of Tree of Life of CA IR 4.0. Source Own elaboration

overcome or even reduce the Black Points on “HR and Knowledge Platform”. All of
the above leads to “Lack of readiness to create CA IR 4.0”.

The method to overcome the above deadlock is for enterprises to develop mech-
anisms to monitor and respond to the diagnosed Black Points. The most effective
solution is a systematic work on developing the seven strategic factors listed in
Fig. 1.4, with special focus on management competencies and talents necessary in
IR 4.0. Case analysis clearly shows that actions aiming to prepareworkers to navigate
the age of Industry 4.0 by creating a culture of learning and collaboration and cre-
ating training opportunities—both within the organisation as well as in underserved
communities should be a priority. Organisations need to invest in people and create
an innovative mindset, involving training and enablement. These elements are more
important than implementing the technologies. If people don’t get excited about
transformation, it won’t be successful. Their knowledge can help to take a holistic
approach to strategic planning, exploring how core capabilities can be enhanced by
new ones to develop new products and services, and create new value for a broader
range of stakeholders. It will also help to see that technology is the most powerful
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Fig. 1.5 Pointer of Readiness to Competitiveness in IR 4.0. Source Own elaboration
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differentiator in an Industry 4.0 world, and it is valuable to invest in integrating new
applications that can support new business models. And, most importantly, it should
allow to understand that Industry 4.0 technologies shouldn’t be limited to just one
part of the organisation; they should be integrated across the organisation to better
support a broad spectrum of responsibilities and stakeholders necessary to thrive in
an Industry 4.0 world. Successful manufacturers will be those that blend artificial
and human intelligence most effectively. The Black Points CA IR 4.0 eliminated this
way will accelerate the “organisational readiness to create CA IR 4.0”.

Appendix

See Table 1.3.
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