Acta Tecnologia - International Scientific Journal about Technologies
Volume: 10 2024 Issue: 1 Pages: 11-21 ISSN 2453-675X

Assessing business readiness for Industry 4.0: A bibliometric analysis of research trends
Leos Safar, Jakub Sopko, Matus Panko

https://doi.org/10.22306/atec.v10i1.191 Readi @ Dec. 2023; Revised: 18 Dec. 2023; Acakfd Jan. 2024

Assessing business readiness for Industry 4.0: A bibliometric analysis
of research trends

L eos Safar
Technical University of KoSice, Faculty of Economji©epartment of Banking and Investmentiidovej 32, 040 01
Kosice, Slovak Republic, EU, leos.safar@tuke.skrésponding author)

Jakub Sopko
Technical University of KoSice, Faculty of Economji©epartment of Banking and Investmentiidovej 32, 040 01
Kosice, Slovak Republic, EU, jakub.sopko@tuke.sk
Matus Panko
Technical University of KoSice, Faculty of Economji©epartment of Banking and Investmentiidovej 32, 040 01
Kosice, Slovak Republic, EU, matus.panko@tuke.sk

Keywords. Industry 4.0, enterprise readiness, maturity ngdgbliometric analysis.

Abgtract: This research provides a comprehensive analysibeobtate of readiness assessment for enterjmishe
context of Industry 4.0. It examines the most iafitial authors, countries, and journals in thigdfiedentifies key
research themes, and explores the evolving landsaiaimdustry 4.0. By bibliometric analysis, thisdy uncovers the
intricate network of co-authorship and co-citateanong researchers, journals, and countries. THgsimanderscores
the dominance of China in terms of both publicatiolume and citation impact, driven by its stratetfade in China
2025" plan. The United States and India also makstantial contributions, reflecting the globaluratof Industry 4.0
research. The key themes in this area includeatligiansformation, IT innovations, production, aswpply chain
management. This study pinpoints three distincstels of journals, demonstrating the multidiscigtin nature of
Industry 4.0. In addition, a co-occurrence analgikeywords highlights the most prevalent thenmreduding Industry
4.0, frameworks, big data, and performance. Ttasarch offers valuable insights into the reseambdcape, informing
scholars and industry stakeholders of key playeesids, and emerging areas in assessing enterpasiness for
Industry 4.0.

1 Introduction the context of the Industry 4.0 environment. Redear

Industry 4.0 brings with it numerous challenges #ra  questions are formulated to reflect the objectivethis
in synergy with the implementation of digital article:
transformation, new technologies, process improveme 1. What are the primary trends in terms of pubtighi
and changes in work methods, all aimed at enhartbimg authors?
efficiency of manufacturing and decision-making 2. What are the primary trends in terms of pubtighi
processes within enterprises. We currently liva imorld ~ countries?

of extensive digitalization, in which industrialterprises 3. What are the primary trends in terms of pubtighi
must adapt to new trends and technologies to inepttusir ~ Scientific journals? _

competitiveness and sustainability. Thus, it issesal to 4. What are the primary trends in terms of keyw@rds
explore evaluative approaches for measuring themhat ) .

level of companies within the context of Industr§.4This After presenting the theoretical background of the

can aid in identifying the situation not only withthe issue, we explain the methodology of this research,
enterprise itself but also within the entire indysin followed by the presentation of findings and the
national and international markets. Such insiglatis be conclusion.
valuable for developing of policies and strateg@ated to
the concept of Industry 4.0. 1.1 Theoretical background

Given the abundance of existing literature on ltgus ~ The scientific term and concept of Industry 4.0 Virss
4.0 in various countries, as well as the individagpects presented in 2011 at the Hanover trade fair in @eym
of this concept, the aim of this article is to ddmva This referred to the transformation process witfiivbal
systematic literature overview — a bibliometric lgsis to  value chains. In the report "The Fourth Industrial
determine the main research trends in the fielmsséssing Revolution” presented by K. Schwab at the World
business readiness within the framework of Indudty Economic Forum, Industry 4.0 encompasses industrial
The main objective of this study is to offer a sysatic business processes that involve the organizatiayobil
review of existing literature and identify the t@peas manufacturing networks based on new information and
considered key in the examination of business neadiin communication technologies and the Internet [1].
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Industry 4.0 has garnered significant attentioresent disciplines, while uncovering patterns and evolignds
years, both from manufacturing companies and serviwithin the respective fields.
systems. It primarily involves the integration of
manufacturing facilities, supply chains and serggstems 2 M ethodology

to enable the creation of value-added networks [2] To obtain answers to our research questionsi we
Popkova et al. [3] define the term "Industry 4.8"@ employed the systematic literature review (SLR)huet

new industrial model characterized by autonomouslyhich is used to identify, evaluate, interpret, aatbgorize

managing, fully automated, self-learning, and &téve 3| relevant articles on the topic under study [Bajsed on

production systems. These systems are centreddaneam  the publications of these authors, the systemiaicature
digital and internet technologies, and human inestent  review consists of the following steps:

is limited to their initial setup, control, and kedcal 1. Identification of research questions: Formulation
maintenance. Modern industrial professionals nemd t of research questions to be addressed.
acquire new skills and these changes go hand id With 2. Literature search and selection: Development of a
social changes. document retrieval strategy using a specific
According to [1], Industry 4.0 represents a new combination of keywords to gain a
industrial area created by the emergence and spfeiv comprehensive overview of the studied area.
digital and internet technologies. These technemgiave Appropriate filters are then set to obtain the most
enabled the development of fully automated manufag relevant sample of articles.
processes that interact through physical objecthont 3. Bibliometric  analysis:  Presentation  of
human intervention. Industry 4.0 produces bothiticthl guantitative analysis and data visualization of the
and new industrial products that cannot be produned selected sample of articles to understand key
other sectors of the real economy. The proceshayisg characteristics of the subject, such as publication
and developing Industry 4.0 affects all spheresthef trends, journals and citations, collaborations, and
economic system, including the social sphere, the focus of keywords.
characterized by significant changes related to the 4 Content analysis: Conducting an in-depth content
necessity of human adaptation to the new economic analysis of selected articles to summarize
condltlon_s.. Companies optimize their processesgusia contributions from several related thematic areas.
opportunities provided by Industry 4.0 and emplsyee This enables an understanding of the current
(industrial professionals) either acquire the nsagsskills research landscape and the identification of future
for Industry 4.0 or seek employment in other indast research possibilities.
while consumers interact with these new industrial Following the PRISMA protocols, the SLR
products. methodology begins with the establishment of eliityb

It can be observed that the literature on Induétlyas  criteria. Table 1 contains the exclusion critesediin our
well as the research on readiness and currentsststu systematic literature review.

relatively extensive. This motivated us to examthe

trends in this existing literature. The bibliometainalysis Table 1 Exclusion criteria

approach is relatively new, but its added valubegond i

question. Scholars employ bibliometrics to identify Exclusion Description

primary areas of research focus by analysing thetieg criterion _

body of literature in their respective fields [4]][ They EC1 Publications do not belong to SSCI,

utilize the network analysis methodology known es-" SCIE, A&HCI and ESCI indexin

word analysis" (occasionally referred to as "keyavoo- EC 2 Publications are not res_earch papers

occurrence analysis") to make associations betweeds and research paper revie

(or concepts) that frequently co-occur in publicasi. The EC 3 Publications published out of range

first description of this technique was provided@sllon 2011/1-2023/:

et al. [6]. EC4 Publications in different than English
This method is often used in the social sciences an languag

humanities, especially when it comes to examining t Source: own elaboration

content of publications on specific topics. It esdes

various attributes of words, including their frequg of This table clarifies that eligible sources in tstsdy

occurrence in documents, their associations witterot include articles published in academic journals énaploy
words, their relevance to the topic, and their s#ima @ rigorous peer review system. In this work, wedute
implications [7] [8]. online publication database Web of Science (WoS) as
The main goal of "co-word analysis" is to uncoveg search platform, where, to meet the specified
central themes, concepts, and connections withiexa requirement, one of the criteria was the utilizatiof
corpus. According to Wang et al. [9], this prockas the literature published in journals indexed in Clatéeva
ability to reveal associations that span numeropiss and Analytics' group of indexes. Specifically, theserevéhe
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Social Sciences Citation Index (SSCI), the Sciendelds, authors, institutions, and other componeszswvell
Citation Index — Expanded (SCI-E), the Arts & Huritis  as to create and examine bibliometric diagramsiehsfic
Citation Index (A&HCI), and the Emerging Sourcespublications.
Citation Index (ESCI). VOSviewer utilizes several techniques for genegatin
Subsequently, we devised a direct search schemeemonomic maps, such as the word co-occurrenceitigor
identify the initial set of articles. Based on fhgblication the bibliographic coupling method, and the co-arghip
by Ghobakhloo et al. [11] and Sun et al. [10], search algorithm [15]. Once the bibliometric map is asstdbit
scheme included the use of five primary search gerncan be customized to accentuate specific features o
within the thematic group “Industry 4.0," namely,connections. It is essential to recognize thattrelusion
“Industry 4.0," "I 4.0," "Industrie 4.0," "The Fdbr of a bibliometric study is to understand pattemd tiends
Industrial Revolution”, and "Cyber-Physical Systéms of the map and ultimately derive insights aboutr&search
According to Erboz [12], the last of these seamtms landscape from these findings.
represents a fusion of fundamental systems anarpitif
Industry 4.0. Hence, we combined the individualrdlea 3  Results and discussion

terms for different cyber-physical systems undeis th  Using publications from the WoS database from 2011
general term. Since our focus was on assessing #£2023, publication trends in the area of assgdsisiness
readiness level of companies in the context of $t4.0, readiness in the context of Industry 4.0 were eranhi
this search came with the requirement to includitiathal  Based on Figure 1, it is clear that there has been
key terms, namely, ‘“readiness”, “maturity”, and significant increase in the number of publishageps
"dimension”, as explained by Hajoary [13]. Thesg kefrom 2019 to the present.
terms were chosen to target the search directijeckey

topics of evaluating business readiness in theesordf

Industry 4.0, 2 500 o g
The search scheme was further refined by limithey t g 400 o
results within the "Document Type" subsection tickr 5 N
types and article reviews. In addition, the seamchuded 2% 300 <
a publication year restriction that defined theiqubras ;8 200 3 -
January 2011 to March 2023. The final restrictizeiided £ 100 w ® 3 ©
the exclusion of publications in languages otheanth 2 G N dw~—? 1 I I
English. 0 - - = 8
The search strategy used in this work included ganym A S w0 R
searches for publications that focus on assessisgdss
readiness in the context of Industry 4.0, as wall a Figure 1 Publications trend
supplementary searches for publications that fdmestly Source: own elaboration according to WoS (2023)
on key topics related to the evaluation of busimeadiness
in Industry 4.0. It has been shown that the number of publications

The result of this search was the identificatioa tétal more than doubled between 2018 and 2019. Almost 30%

of 2,232 publications for querying all defined tupiand ©f all publications were published last year, ami a
keywords. Of the total number of publications, 8@re  increasing trend towards addressing this topixpeeted
excluded based on the exclusion criteria (TableThgp in the coming years. Over the years, the number of
resulting set of 1,425 publications was used tater¢he Publications on this topic has increased due t@tbeing
bibliometric analysis. The pioneering word analysis interest in this field and concerns about Indugtg, as
technique was initially developed by Callon etiml1986. Well as the technological benefits in the manufacg

In recent times, bibliometric analysis has gainethdustry resulting from the implementation of Inttyst.0
prominence as a valuable tool for scholars anduiians [16].

across various disciplines, enabling them to nagiga  The most prolific authors are listed in the WoS
extensive collections of scientific articles andcover database based on their total number of publica(iGRPP).
patterns and trends. One of the most W|de|y uselg for Authors with the same number of publications arked
conducting bibliometric analysis is the VOSviewe@mong themselves based on the total number ofocitat
software. Detailed instructions on this robust meratile Without self-citations (CPC). Additional data indes the
tool for creating and visualizing bibliometric map$ average number of citations per author's publioatio
scientific literature can be found in the VOSviewe(PPCP) and the author's Hirsch Index (H-Index),cwhi
documentation [14]. As the authors explain, VOSeew explains the impact of an author's work on thesfdfiof
helps users navigate the complex field of scientifiactivity [17]. According to this method, the top irbst
literature and understand the trends and patteevalent Productive authors are presented in Table 2. Whh 1
within it. This software can be used to create nthps Publications and 655 citations in the literatureytdrella
illustrate the interrelationships between differacademic IS the most contributing author in the field of essing
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business readiness levels in the context of Ingdstr. His
average number of citations per publication is &b}
citations, and his H-Index stands at 6, meaningahkeast
6 of his 15 publications have been cited at leatitnés.
Frank follows with 10 publications. Antony is thleirtl

most prolific author. The fourth, fifth, and sixphoductive

Industry 4.0 impacts the business models of smal a
medium-sized manufacturing companies. The thimattfp
and fifth most cited articles delve into cyber-pbgs
systems, specifically addressing the issue of epbgsical
system security [20], key aspects, technologies] an
emerging trends in industrial cyber-physical syst¢?i],

authors are Muller, Sony, and Singh. In the seventind new challenges in data recording in intelligeter-
position, with 7 publications, is Garza-reyes. Wuesphysical systems that provide detailed access tous
Jabbour, and Ghobakhloo occupy the 8th, 9th, atld 1Gspects of the physical world [22]. The aim of #mtcle

positions with 6 publications.

Table 2 Top 10 most productive authors

Author TNP CPP ACPP H-
Index
Tortorella, GL 15 655 43.67 6
Frank, AG 10 1077 107.70 7
Antony, J 9 20 2.22 3
Muller, JIM 8 1074 134.25 8
Sony, M 8 156 19.50 5
Singh, RK 8 91 11.38 4
Garza-reyes, JA 7 260 37.14 4
Wuest, T 6 494 82.33 5
Jabbour, CJC 6 354 59.00 5
Ghobakhloo, M 6 165 27.50 5

Source: own elaboration according to WoS (2023)
Note: TNP — total number of publications; CPP -atatumber
of citations excluding self-citations; ACPP — avgeaitation

per paper

To create a list of the most influential authorghars
were ranked based on the total number of citatiorel
their works. This list is shown in Table 3. FraAlG, who
is the second most prolific author with 10 publicas, is
also the most influential author with 1077 citagdn the
WoS database. His average number of citations
publication is almost 108 citations, and his H-kdeat 7,
indicating that at least 7 of his 10 publicatiomd been
cited at least 7 times. Muller and Ayala are tteoed and
third most influential authors with 1074 and 10@&@tions,
respectively. Following them are authors with CRDy
1000. Voigt and Dalenogare occupy the fourth aftth fi
positions. The most productive author, Tortellaiaisked
as the 6th most influential author with a CPC @&.63e is
followed in places 7 to 10 by the authors Buligazes,
Wuest and Sarkis.

by Mittal et al. [23] is to critically evaluate trevailable
maturity models of Smart Manufacturing and Indugty
and analyze their suitability with regard to theedfic
requirements of small and medium-sized enterprises.

Table 3 Top 10 most influential authors
Autor TNP  CPP  ACPP In"ééx
Frank, AG 1077 10 107.70 7
Muller, JIM 1074 8 134.25 8
Ayala, NF 1060 5 212.00 3
Voigt, Kl 947 4 236.75 4
Dalenogare, LS 834 1 834.00 1
Tortorella, GL 655 15  43.67 6
Buliga, O 548 2 274.00 2
Orzes, G 542 3 180.67 5
Wuest, T 494 6 82.33 3
Sarkis, J 447 4 111.75 3

Source: own elaboration according to WoS (2023)
Note: TNP — total number of publications; CPP -atatumber
of citations excluding self-citations; ACPP — avgeaitation

per paper

The article by Sanders et al. [24] aims to analyee
relationship between Lean Manufacturing and Ingusid
pand explore whether Industry 4.0 can implement Lean
methods. The following most cited articles focustbe
context of supply chain sustainability, specifigall
identifying and analyzing key challenges of theusidy
4.0 initiative in the context of supply chain sursdility
in emerging economies with a focus on the Indian
manufacturing industry [25], exploring the potehtia
opportunities available in the integrated sustdmabpply
chain of the Internet of Things for Industry 4.0
transformation [26], and investigating the adoptioh
blockchain technology (a digital technology based o
decentralized data storage) that ensures secarenation

Table 4 provides information on authors, publicatio storage and distribution in supply chain managerj&fjt

year, research focus, and the number of citationghé ten
most influential articles during the study periothe
publication year is also linked to the web link ttee
respective article. The most cited article was ishd by
Frank et al. [18] and focuses on the examinatigratterns
in the implementation of Industry 4.0 technologi&he
second most cited article by Muller et al. [19] lexps how
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Table 4 Top 10 most influential papers

Author Area of focus of the (l;lfumber
and year publication o
citations

Engineering;  Operations

Frank et al'Research and Management 834

(2019) ;
Scienci

Muller et al. Business and economics; 437
(2018 Governmer
Mitchell .
& Chen(2014 Computer science 377
Leitao et al. .
(2016 Computer science 358
Cai & Zheng . . .
(2020 Engineering, Mathematics 347

. Engineering;  Operations
Mittal et al. Research and Management 342
(2018) ;

Scienci
Sanders et al__ . .
(2016 Engineering 336
Luthra
& Mangla Engineering 332
(2018)
Manavalan Computer Science
& Jayakrishna En irl?eerin ' 330
(2019 9 9
Engineering;  Operations

é%n;g;e et al'Research and Management 311

Scienci
Source: own elaboration according to WoS (2023)

Collaboration is a fundamental aspect of research
culture and provides a multidimensional perspectine
scientific research and technological developm&Tit [To
examine the relationships and interconnections detw
authors in the field of scientific publications @Eed on
assessing readiness in the context of IndustryweQsed
analytical software VOSviewer. The identificatiohtbe
most contributing collaborations and active intéoacs
between different authors in this area was achidwedigh
co-authorship and co-citation mapping, as shown in
Figures 9 and 10. We conducted a comprehensivgsasial
of the co-authorship network of 4,422 authors, ltegpin
the representation of the 14 authors with the most
contributions and their collaboration over time. this
technique, the weight of the connection between two
authors is determined by the number of citatiorteeen
each author’s publications. The more citations ensth
share, the stronger their connection. Additionallye
average number of citations to their publicaticngsed to
determine a score for each author. This score gegvi
information about the overall quality of each autho
research results, enabling the identification & thost
influential authors in the research area. As shiovigure
2, these 14 authors are divided into seven clustéts
different numbers of co-authored works and citatiorhe
group of authors, including Frank, Dalenogare, Apdla,
achieved the highest average co-citation scorehneg
1,158. This means that this group made the masifisignt
contributions in the field of assessing enterpresediness
in the context of Industry 4.0.

wuest, t
khagp ma gunaselgaran, a
mangla, sk
tortogglla, gl
voigt, ki
mueller, jm
dallaggga, p buliga, o
orzgs, g
<
dalenogare, Is

frapkyag - "
& VOsviewer I 00
- 100 150 200 250

Figure 2 Collective authors” citation
Source: own elaboration in VOSviewer

Co-citation mapping (Figure 3) focuses on the ghargublications. If two documents have a significaniiber
citations between two different documents in otheof shared citations, they may be considered simolar
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related. VOSviewer represents such relationships @be authors in the network are divided into twougrs
connections between documents. In this analysis, thith the red part of the network dominated by autho
minimum number of citations for an author was $€t3® Schumacher and the green part of the network ddedna
to identify the most influential authors who haupgorted by author Gobakhloo. This indicates that these aath
the development of this field. The results revedledtop frequently collaborated with other authors andrtieirk

20 most influential authors and their co-citati@iworks. was often cited by other authors in the network.

schgab, k
schumiagher, a muligy, jm
kagervnn, h
schigh:g
fi sofy m
miteal, s ra@ 28 o
herm@nn, m
ghobakhloo, m
legy]
lagihh e
kamble, ss
zhogg. ry lia@gyx
tqgf tortogella, gl
leggjay

. - ld
J*% VOSviewer @

Figure 3 Authors” interconnections in collaboration
Source: own elaboration in VOSviewer

In the ranking of countries contributing the most t Table 5 Top 10 most publishing countries
addressing the issue of business readiness imttiext of No of % No. of T~
i icati i No. Country T L Ind
Industry 4.0 through thew_puphcanons, China s_esthe publications of 1.425  citations
top position with 191 publications (Table 5). Thismber e - &
represents more than 13% of the total publishediestin 1+ Chine 191 1340% 410t 34
h N .. 2. USA 13¢ 9.75% 5177 33
this area. The total citations for these publicatio 5 | ... 139 9.75% 3005 24
am.ounted to 4,108, and the achieved H-Index reahed , German 11¢ 8.14% 3746 26
whlch_was the highest H-Index achleved_ among als,  jraly 106 7.44% 322( 3C
countries. This means that at least 34 citationsewe s, UK 107 7.23% 3147 2¢
received for 34 of the published papers. Chinadsumtry 7.  Brazil 9t 6.67% 2917 22
that has successfully incorporated ideas, techiedpgnd 8.  Australic 6% 4.56% 844 1€
innovations ranging from computers to additive9.  France 61  4.28% 1915 18
manufacturing [28]. China's prominent position mist 10 Spair 6C 421% 121t 1€
field is not a matter of luck, as the country diligly 21 Slovaki 31 2 18% o84 1C

pursues the goals of the "Made in China 2025" esiat
plan, which focuses on modernization and raising th
technological level in the context of Industry f20]. The
United States and India secured the second and thjlr0
positions with an equal number of 139 publicatidmg,the
U.S. studies also had the highest number of citatio
(5,177). Following them, countries like Germangi\it the
United Kingdom, Brazil, Australia, France, and, thé
tenth position with 60 publications, Spain. Sloweals an
additional country mentioned in this ranking, ramtk21st
with 31 publications.

Source: own elaboration according to WoS (2023)

To identify strong or weak connections between
untries, we used a metric called "Cumulativergfiie of
Relations" (CSR), which expresses the strengthhef t
connection between countries in a network of caltation
based on the weight values determined by the nuaiber
common publications among authors from those camtr
Within the context of our search, we defined callahive
countries as those with at least 10 published paper
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resulting in a total of 50 countries. Table 6 shahat the
United States and China are the most collaborative
countries, with CSR values of 141 and 138, respelgti
They are followed by the United Kingdom, India and

Germany. Figure 4 shows a graphical representation of these
connections. In this image, we can observe not tmy

Table 6 Top most collaborating countries strength of connections between countries as aenat

No Country CSR also the placement of countries into various cotmted

1. USA 141 clusters. These clusters represent groups of dearitrat

2. Chine 13¢ cooperate more with each other than with other tmm

3. United Kingdon 117 Clusters are formed based on the similarity inrthmber

4, India 10z of common publications and often include countrigth

5. German 85 similar scientific profiles or geographic locations

Source: own elaboration according to WoS (2023)

colombia

belgium
®
nethéslands

® al@ias@n
finlgnd
1 s geWny
w @D portugal

turkey W sweden fwe

taiwan lithaania
russia Japan &% b )\
eoples r chinager
J pl . @gland den;m%rk
. 5@\/@’%3
a
T malaysia setbia
romania =
saudi grabia southikorea ey
BPL pakistan
g%b VOSviewer u arab emirates

Figure 4 Co-authorship collaboration among courdrie
Source: own elaboration in VOSviewer

Table 7 displays the number of publications in area Table 7 TOP 10 areas of investigation within theessment

related to the assessment of business readinetisein of the company's readiness

context pf Industry 4.0. We can see tha'g m_ec_ha”ic"?#esearch area No of %
engineering had the highest number of publicatiorith publications of 1.425
623, accounting for almost 44% of all published kgor Engineerin 622 43.72%
Business and economics followed with a represemtatf ~ Business and econom 33¢  23.79%
23.79%, and computer science with 23.65%. Thes thr Computer scienc 337 23.65%
areas have the largest share of the total number &cience and Technolo 14 10.39%
publications. From this, we can infer that thessaarare Environmental sciences and 127  8.91%
considered crucial for enterprise readiness irctmext of  Ecology '
Industry 4.0, and that's why scientists and reseascare  Operational Research 126  8.84%
most active in them. Science and technology caitstit Management Scien '
10.39%, environmental science and ecology 8.91%lelecommunicatior 85  5.96%
Operations  research, telecommunications, materiaflaterial Scienc 79 5.54%
science, and chemistry had a representation oftless Chemistr 76 533%
10% of all publications. Autonomous control systdmas _Autonomous control syste! 67 4.70%
the smallest share at 4.70%. Source: own elaboration according to WoS (2023)

Table 8 lists the top 10 most popular journalshe t
field of assessing business readiness in the comex
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Industry 4.0. Together, they published a total @23 International Journal of

articles, accounting for almost 23% of the totahmfity.  Production Economi 24 1.68%
With 88 published works, Sustainability leads ire th Technological = Forecasting 22 1.54%
number of publications, representing over 6% oftttel.  and Social Chan R
Sustainability is an interdisciplinary journal panly International Journal of 20  1.40%
focused on theoretical advancements and practices Production Resear AR
sustainable development and the circular economy €6 |EEE Transactions on 18  1.26%
al., 2021). Other highly popular journals includpplied  Industrial Informatic e070
Sciences Basel, IEEE Access, Journal of Manufaruri International Journal  of

Management, and Sensors, which published 40, 3&y@8 Advanced Manufacturing 18 1.26%
25 articles, respectively. Among the top 10 jowsnal Technolog

Sustainability, Applied Sciences Basel, IEEE Accessl Source: own elaboration according to WoS (2023)
Sensors have open access, while the others hatallpar

open access, with some articles freely availabtentmst Subsequently, we conducted a co-citation analgsis t

requiring a subscription or payment for access.s€nE) understand the interactions between the most intilale
journals cover various topics such as sustainabjeurnals in the field. The minimum number of citats for
development, manufacturing and economic aspectjournal was set to 600 using VOSviewer, resulitniyl
engineering, computer and data sciences, procdsgh-quality sources for co-citation analysis. Thesults
optimization, and the development of new techna@sgi are shown in Figure 5. Based on the co-citatioiviagtwe
highlighting the interdisciplinary nature of theelfi of identified three groups of journals. Group 1 cdllesly

assessing business readiness assessment in te&tafnt address issues related to manufacturing and prioduct
Industry 4.0. processes and related topics. Journals in Groopusfon
innovations in IT but also provide theoretical gmdctical

Table 8 TOP 10 most popular journals from an I148diness  solutions for efficient management, production,

perspective distribution, and sustainability. Journals in Gradigleal

Journal No  of % with topics related to production and the economy.
publications of 1425  Additionally, active interactions between Grouparid 3

Sustainabilit 88 6.18%  and between Clusters 2 and 3 suggest that jourslaled
Applied Sciences Bas 40 2.81% to production and the economy serve as a bridge
IEEE Acces 39  274%  connecting issues of manufacturing and productiongss
Journal of Manufacturing 28 1.96% Management with innovations in IT and the provisién
Technology Manageme ' theoretical and practical solutions for efficient
Sensor 25 1.75%  management, production, distribution, and sustditab

journal of manlfacturing techn

international jgurnal of produ computergin industry

SUst bilit ieee gcess o
& international jgurnal of produ a@ ¥

technological f@recasting and

journal of clegper production

%, VOSviewer

Figure 5 Most influential journal
Source: own elaboration in VOSviewer
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To identify the most important and frequently732 occurrences, and this keyword also showedigfte it
occurring themes in the field of assessing businetsvel of connectivity with other keywords. Group 2

readiness in the context of Industry 4.0, we detitie

contains 9 keywords related to information techgis,

analyse all the keywords that appeared in previodBeir use in the industry, and in optimizing proimec

publications, including titles, abstracts, keywordsd
author names. Figure 6 shows the mapping and attena
of the 30 most frequently occurring keywords oua détal
of 5872 keywords. These keywords are grouped hreet
categories that can pinpoint the main researclotibires in
the field of business readiness assessment irotitext of
Industry 4.0. Group 1 contains 14 keywords focused
digital transformation and innovation in the inaysand
management, specifically related to the concepidistry
4.0. They are also focused on organizational pesjveass

and on concepts and technologies used to improseccess.
includingppeared most frequently, with 121 occurrences. The

production and process management,

processes. It includes terms such as "Big DataybéG
Physical Systems,” "Internet of Things," "Smart
Manufacturing," as well as various technologicald an
design aspects. In this group, the keyword "Frankivo
appeared most frequently, with 168 occurrences,tlaisd
keyword also showed the highest level of connegtivith
other keywords. Group 3 contains 7 keywords reléted
various factors and aspects of supply chain managem
and sustainability, as well as technological cimgés and
barriers that can influence a business's perforeamc

In this group, the keyword "Performance"

digitization, the implementation of new systems anBleyword "Challenges" showed the highest level of

technologies, and the creation of new models.isgtoup,
the keyword "Industry 4.0" appeared most frequentith

connectivity with other keywords.

supply chaingnanagement

imgact

sustaigability techgetogy
chalighges
digitalization
haggiers
in et
tg! perfcvnance
bigiata e
cyber-physjgal systems
nY - A innag@tion
n . 0 matucggmodel
intermet@! things frauwork ~
fmplemgptation
degign
tedinglogies
sysigms
optinuzation b & roatiprrs
Syt rigget

y. X smart magufacturing
%, VOSviewer

matrity

Figure 6 Most used keywords
Source: own elaboration in VOSviewer

4 Conclusions

The study has presented a detailed analysis ditéte
of readiness assessment for enterprises in thextoot
Industry 4.0, offering insights into the influertauthors,

Multidisciplinarity is a hallmark of this field, as
demonstrated by the three distinct clusters ofrjalsrthat
span manufacturing, IT innovation, and economi@etp
Co-occurrence analysis of keywords revealed a focus

countries, journals, and key research topics. Chirligital transformation, IT innovations, and perfamae.

emerged as the leading contributor in terms ofipatibn
volume and citation impact, reflecting its stratefgicus on

This research serves as a valuable resource for
academics, policymakers, and industry stakeholders,

technological advancement within Industry 4.0. Theroviding a comprehensive overview of the evolving

United States and India also play significant nelghaping
this area of research.

landscape of assessing Industry 4.0 readiness.
identifying key players, trends and emerging aregs,

By
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informs future research directions and facilitatefl0] SUN, X., YU, H., SOLVANG, W.D., WANG, Y.,

collaboration between stakeholders in this dynaamid
evolving field. However, the authors are fully awaf the
complexity of the topic and possibilities of expargthis
research or narrowing its scope to one’s aims.
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