ACTA TECNOLOGIA

electronic journal
ISSN 2453-675X
Volume 10
Issue 1
2024

i ;
g 4
3]
)
=
)

%

%
#’ﬁ//l‘

International Scientific Journal about Technologies



Acta Tecnologia - International Scientific Journal
Volume: 10 2024 Issue: 1 ISSN 2453-675X

CONTENTS

CONTENTS
(MARCH 2024)

(pages 1-10)
Bibliographic research on the linkages between intellectual capital

and Industry 4.0
Natalia Slyvkanyc, Jozef Glova, Samed Kruger

(pages 11-21)
Assessing business readiness for Industry 4.0: A bibliometric analysis

of research trends
Leos Safar, Jakub Sopko, Matus Panko

(pages 23-30)
Indicators of industry and their prediction abilities of German business cycle
Andrea Tkacova, Andrzej Pacana

(pages 31-35)
The impact of intangible assets on market valuation: evidence from
EURO STOXX 50 companies

Ivana Petrusova, Alena Andrejovska, Robert Barski

(pages 37-43)
Industry 4.0 critics and comparative review — case study
Panneerselvam Sivasankaran

Copyright © Acta Tecnologia, www.actatecnologia.eu


http://www.actatecnologia.eu/
https://www.actatecnologia.eu/issues/2024/I_2024_05_Sivasankaran.pdf
https://www.actatecnologia.eu/issues/2024/I_2024_05_Sivasankaran.pdf
https://www.actatecnologia.eu/issues/2024/I_2024_05_Sivasankaran.pdf
https://www.actatecnologia.eu/issues/2024/I_2024_04_Petrusova_Andrejovska_Barski.pdf
https://www.actatecnologia.eu/issues/2024/I_2024_04_Petrusova_Andrejovska_Barski.pdf
https://www.actatecnologia.eu/issues/2024/I_2024_04_Petrusova_Andrejovska_Barski.pdf
https://www.actatecnologia.eu/issues/2024/I_2024_04_Petrusova_Andrejovska_Barski.pdf
https://www.actatecnologia.eu/issues/2024/I_2024_03_Tkacova_Pacana.pdf
https://www.actatecnologia.eu/issues/2024/I_2024_03_Tkacova_Pacana.pdf
https://www.actatecnologia.eu/issues/2024/I_2024_03_Tkacova_Pacana.pdf
https://www.actatecnologia.eu/issues/2024/I_2024_02_Safar_Sopko_Panko.pdf
https://www.actatecnologia.eu/issues/2024/I_2024_02_Safar_Sopko_Panko.pdf
https://www.actatecnologia.eu/issues/2024/I_2024_02_Safar_Sopko_Panko.pdf
https://www.actatecnologia.eu/issues/2024/I_2024_02_Safar_Sopko_Panko.pdf
https://www.actatecnologia.eu/issues/2024/I_2024_01_Slyvkanyc_Glova_Kruger.pdf
https://www.actatecnologia.eu/issues/2024/I_2024_01_Slyvkanyc_Glova_Kruger.pdf
https://www.actatecnologia.eu/issues/2024/I_2024_01_Slyvkanyc_Glova_Kruger.pdf
https://www.actatecnologia.eu/issues/2024/I_2024_01_Slyvkanyc_Glova_Kruger.pdf
http://www.actatecnologia.eu/

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

Bibliographic research on the linkages between intellectual capital and Industry 4.0
Natalia Slyvkanyc, Jozef Glova, Samed Kruger

https://doi.org/10.22306/atec.v10i1.190 Rea#igd Dec. 2023; Revised: 28 Jan. 2024; Acakpib Feb. 2024

Bibliographic research on the linkages between intkectual capital
and Industry 4.0

Natalia Slyvkanyc
Department of Banking and Investment, Faculty adrieenics, Technical University of KoSice, Nemcovej 340 01
KosSice, Slovak Republic, EU, natalia.slyvkanyc@tske

Jozef Glova
Department of Banking and Investment, Faculty adrieenics, Technical University of KoSice, Nemcovej 340 01
KosSice, Slovak Republic, EU, jozef.glova@tuke.sir{esponding author)
Samed Kruger
University of Wuppertal, Schumpeter School of Baessiand Economics, Department of Finance and Gagpor
Governance, Gaul3straRe 20, 42119 Wuppertal, Gerrmaahykrueger@wiwi.uni-wuppertal.de

Keywords: intellectual capital, Industry 4.0, innovations;@ccurrence and co-authorship, bibliographic netea

Abstract: The modern world is changing rapidly. A new knadge-based economy pushes companies and countries to
pay attention not only to the products but alsthintellectual capital. This paper uses a bibétric study to map the
conceptual approach of the Relationship betweefiéctual capital and Industry 4.0 for 1980 — 2022 this study, we
used the Web of Science as a main database focaligation. During the period 1980 — 2022, weefittd 24 671 records

for our final sample. Collected data were analys@h descriptive statistics, co-occurrence analysisauthorship and
citation analyses. VOSviewer was used for furthsmalisation of results. As these linkages aren@t understood yet,

this paper has added value to developing thesiomedaips from a bibliographic point of view.

1 Introduction to empirical results where we describe co-word yaes,
Industry 4.0 is gaining more and more attention iand Citation and co-authorship analyses to answerebearch
often compared to a disruptive increase in progiatsh duestions set in the beginning. The last part is th

as the Industrial Revolution [1]. Like previous oastions, ~conclusion of the paper.

Industry 4.0 is not initiated by a single techngldayt by

the interaction of several technological advancéess 2 Theoretical background

impact will lead to production and management m#ggsho  Technological innovation is important in transfongi

[2]. consumers’ lives in todays economy. New serviced a
The world is changing rapidly, and businesses musapabilities launched in various fields drive thelsanges.

adapt to keep up with the shifting landscape. A8mong them are artificial intelligence, blockchain

globalisation and interconnectedness grow, socigchnology, further deployment and increased alvititia

responsibility and environmental concerns becomef digital channels. As a result, business openatio

increasingly important business considerations.tif& intellectual capital and efficiency have changel e

same time, the focus on intellectual capital (I@)da phenomenon of knowledge capital has become a tentra

intangible assets is opening up various questiams atheme due to the introduction of the new knowledgsed

debates about how we measure value and success ingconomy. This knowledge-based economy has generated

modern economy. To fully realise the potential oftbiC  interest in the intangible assets owned by orgénisaand

and Industry 4.0, we must evolve our existing fraioeks ~ economies [5].

and adopt a more expansive view of value domaihat T  Technological innovation, IC and economic growt ar

means integrating the economic and societal imuddte closely related and can be formulated as a generglept

fourth industrial revolution into our thinking adécision- of cycle or wave. Each wave represents a diffusesgln

making processes. Doing so can create a morealskai a series of technological innovations that creagev n

and equitable future for individuals, organizatiomsd economic sectors and opportunities for investment a

nations [2,3]. growth. Since the start of the Industrial Revolntat the
This paper is structured as follows. The first pdithe end of the 18th century, six waves have been ifiet{6]:
paper is dedicated to the theoretical backgrouheyrawe e Itwave (1785 — 1845). It relied on innovations
explain the terms “Intellectual capital” and “Indiys4.0” such as hydro power, textiles, and iron. The
and how they are related. The second part desctiiiges beginnings of the Industrial Revolution focused
data collection process and the methodology usealiin primarily on simple goods such as clothing and
bibliographic research. Here, we have also destribe tools that could benefit many people. Existing
research questions of this study. The third padbisated maritime technology using sailboats supported
~1~
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and improved large colonial and trading empiregrganizational change have been explored, andhtbeest
especially in England, France, the Netherlands this type of research has recently increasedO]9,
and Spain. An important inland waterindustry 4.0 drives organizational change in many
transportation system was also established. To@tonomic, social, technological, political and leagpects.
production and transportation costs have bedntellectual capital, a key resource and driving&behind
greatly reduced. value creation in organizations, is no exceptitairdle in

+ 2™ wave (1845 — 1900). It was assumed that thenplementing Industry 4.0 is very important [2,11].
massive use of coal as an energy source was only The phenomenon of intellectual capital has no
due to steam engines. That developed the ratandardised definition. Intellectual capital candefined
transport system, opened up new markets armd the accumulation of individual knowledge, skills
gave access to a wider range of resources at tbeperience and knowledge embodied in the humam brai
international and national levels. Steamships hd8]. For W. J. Martin [12], intellectual capitaliistellectual
a similar impact on maritime transport andmaterial formulated, captured, and used to cresgeta of
expanded commercial opportunities in worldchigher value. RudeZ and Mih&lj13] defined intellectual
trade. Mass production of cotton also greatlgapital as a knowledge-based asset developed throug
expanded the possibilities of the textile industryflows between different categories. On one hand,
making clothing more affordable. intellectual capital can be defined as a portfolib

« 39 wave (1900 — 1950). Electrification was arintangible resources and their flows. On the ottend,
important economic change because it enabled thellectual capital can be defined as obtaininguri
use of a wide range of machines and devices. Benefits without monetary or material form. Despte
also allowed the development of urbamabsence of a single definition of intellectual d¢alpi
transportation systems such as subways amesearchers recognize the existence of three main
trams. Another major improvement was theategories: the so-called triad of intellectual idp
internal combustion engine, which created arepresented by human capital, structural capital an
entire automobile industry and expandedelation capital [13-18].
passenger and freight mobility. The Industry 4.0 phenomenon emerged in Germany in

« 4" wave (1950 — 1990). The post-World War 112011 as a proposal for economic policy developrhased
period was marked by major industrial changesn the High-Tech Strategy [19], as well as the iapfibn
involving new materials such as plasticof the Internet of Things (loT) and Internet of Bees
(petrochemicals) and new electronics (televisionoS) to industrial processes. Using digital tedbgies
sectors. The jet engine expanded the aerospabat unite the physical and virtual worlds, mantfang
industry to the mass market and enabled globabmpanies are moving from mass production to custom
mobility. production, which is happening rapidly [2].

+ 5" wave (1990 — 2020). The development of Industry 4.0 applies to people as well as machimes.
information systems has greatly improved th&nowledge-based economy, intellectual capital fothes
trading environment with new communicationbasis for the successful development of busineareds
methods and more efficient management afountries. Industry 4.0 requires a paradigm shiftards
production and distribution systems (logistics)organizational structures, human roles and aasitNew
That has spawned new industries primarily relatetypes of employee competencies and skills are begpm
to personal computing devices, such as computenportant. There are issues related to employegeaaotion
manufacturing, software programming, and, morand organizational communication [20,21]. Changes i
recently, e-commerce platforms. organizational structure lead to changes in overall

+ 6" wave (2020 — ?). The key technologies likelstructural capital. Innovation affects corporateatsgy,
to drive the sixth wave are already in placework organization, workforce development, inforroati
primarily including robotics, automation, and knowledge management, cultural aspects and othe
digitization and sustainability. Digitization aspects of structural capital [22]. According tdtigeet al.
implies a high level of information technology in[20], managing these transformations becomes pamino
management, operation, and goods and servicémfortunately, this is where traditional management
The sixth wave is called the fourth industrialmethodologies reach their limits. Many different
revolution, called Industry 4.0. transformations are taking place in Industry 4.0the

context of relation capital. Platformization incsea

The Relationship between Industry 4.0 andomplexity, while digitalization brings more dynarsiand

organizational intellectual capital is poorly urstend. intensity to relationships. The boundaries betwésn
Since the early 1990s, IC research has reachecd® y organization and its environment become even more
[7,8]. Meanwhile, the concept of Industry 4.0 osiyerged blurred while the possibilities to assess the tatdlie of
and gained recognition in 2011. Since then, varaapects organizational relationship capital get even more
of the Relationship between Industry 4.0 andomplicated [23]. Remote working and process

~2 ~
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management opportunities and the contribution ofaso productivity and efficiency. However, this also lieases
networks speed up internal and external commupigati management uncertainty and additional risks thattrbe
accelerate the establishment of new contacts,amilitdte managed [22].
the outsourcing external resources [24]. By automgat
communication and relationship management, ne® Data collection
possibilities for developing personalized solutiengerge. When conducting high-quality research, using thtri
In some situations, digital technologies such askuhain  database is crucial. We used Web of Science (WgS) b
increase transparency and efficiency by removing tfC|arivate for our study. WoS is a trusted and hbia
human factor. At the same time, however, digitajatabase that university researchers widely useit$or
technology brings challenges such as dependence @mprehensive coverage of scholarly literature sro
technology uptime and cybersecurity concerns [25].  various disciplines. We used WoS filters to narrour
Industry 4.0 fundamentally changes an organizadionsearch results to ensure that our sample was epative
intellectual capital by transforming its key compats and  and relevant to our research question. By applfilteys
characteristics, which poses management challefifes. sych as publication date, subject area, and so wa,
challenges are preserving existing knowledge igreated a focused and diverse sample, including onl
organizations while maximizing the value createchbWw  impactful research in our field. Using WoS andfiiters
technologies. The impact of Industry 4.0 on différe ajlowed us to conduct a rigorous and thoroughditee
Components of IC varies. However, the most difﬁCUlana|ysiS’ ensuring our findings were based on thetm
transformations regarding human capital responditiie reliable and relevant sources. Table 1 illustraties

developing the Relationship. and structural capited framework of the data collection process.
perhaps observed. Industry 4.0 delivers process

Table 1 Framework of the data collection process
Results of filtering

Intellectual (All Fields) AND Capital (All Field9PR Intellectual Capital (All Fields) O
Manufacturing (All Fields) OR Industry 4.0 (All Fés) OR Industry 5.0 (All Fields) O
SELECTED KEYWORDS | Intangibles (All Fields) OR Intelligent manufactugi (All Fields) OR Innovation (All
Fields) OR Innovative techniques (All Fields) OR @&mfactory (All Fields) OR
Manufacturing systems (All Field

A0

WoS Databas Total Documents3 464 65.

Web of Science Categories: “Management”, “Multighéioary Sciences”, “Economics],
“Business”, “Business Finance”, “Social Sciencedeidisciplinary”, “Research
1% Inclusion Criteria: Management Science”, “Social Science Mathematicakthilds”, “Mathematic
interdisciplinary Applications” AND exclude all aths.
Total Documents262 940

oy

Years: 1980 - 2022

nd - - - .
2% Inclusion Criteria | 0, '5ociment: 258 833

Language: “English”

rd i taria:
3" Inclusion Criteria: Total Documents249 425

Document types: “Article”, “Open access”.

th - - - .
4 Inclusion Criteria: Total Documents117 588

Citation topics: “Management”, “Economics”, “Econ@nTheory”.

th - - - .
5" Inclusion Criteria: Total document<24 671

FINAL SAMPLE 24 671 RECORDS

The keywords above in a bibliographic analysis We need to consider that intellectual capital
identify relevant literature on intellectual capita development started in the late 1980s. The conoépt
manufacturing, industry 4.0 and 5.0, intangibletelligent  Industry 4.0 did not emerge until much later, acba011,
manufacturing, innovation, innovative techniquesag with the publication of a report by the German goweent
factories, and manufacturing systems. By includimese on the future of manufacturing. This report outtinte
keywords, we can explore various aspects of thmotential for integrating advanced technologiestlie
manufacturing industry and how it is evolving bymanufacturing industry, such as the Internet ofnghj
integrating new technologies and concepts. Additign artificial intelligence, and robotics. As a resulig divide
using these keywords helps identify research gaggs aour sample into two periods: 1980 — 2010 and 202022.
potential areas for further study. This approach can help ensure the study produdestro

~3~

Copyright © Acta Tecnologia, www.actatecnologia.eu



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

Bibliographic research on the linkages between intellectual capital and Industry 4.0
Natalia Slyvkanyc, Jozef Glova, Samed Kruger

and reliable findings grounded in a comprehensivepresenting moderate publication rates, and leende

understanding of the available data. blue representing lower publication rates. Unfcatety,
we have no information regarding the light greyaare
Table 2 Selected samples Authors from the United Kingdom have the highest
Total number of articles number of articles related to intellectual capitaid
1980- 202z 24 67: manufacturing areas. So, the United Kingdom has
1980- 2010 3 25¢ published 6,534 papers from 24,671. The seconbeis
2011- 2022 21 41¢ USA, with 4,807 published articles. The next isr@hiwith

2,099 articles. Countries like Germany, the Ne#retk,

Figure 1 demonstrates the countries with the higheSpain, France, Australia, Sweden and Italy haveighesl

publication records, with more intense blue colourground 1 thousand papers. Our study includes leofat&2
representing higher publication rates, middle blugountries for further analysis.

.

Pouziva Bing
Australian Bureau of Statistics, GeoNames, Microsoft, Navinfo, OpenStreetMap, TomTom, Wikipedia, Zenrin

Number of articles .
1 6534

Figure 1 Wold map of the number of articles

4  Methodology Citations play an important role in bibliograph&search
Bibliographic research is an important aspect d¥ecause they track the impact and influence ofareke
research in various scientific fields. That inclsdihe OVver time. It enables researchers to identify ketaars and
systematic study of published material such as ookpublications in a particular field and to track gpeead and
articles, and other relevant sources of informationa adoption of new ideas and concepts. Citation dateatso
particular topic. A bibliographic study aims to iiidy and ~ be used to analyse the structure and dynamicsseéreh
analyse the existing literature on a particularidognd hetworks and collaborations and to assess the ingfac
provide a comprehensive overview of research caeduc individual researchers and institutions [26], [28].

in this field [26]. One of the major benefits obtibgraphic This study aims to provide answers to the research
research is that it can help researchers identipsdn the duestion that was set: _ _
literature and potential areas for future resedtafan also  RQ1: What are the main themes framing the
provide a deeper understanding of the history of %elatlonShlp between |nte”eCtua.| Ca.pltall and |m07
particular field of study and the evolution of cepts, RQ2: Does the trend of topics is similar during the
theories and methodologies. Bibliographic studasaiso researched period?

help researchers determine the validity and reiigphnf RQ3:Which journals are the most cited?

existing research by identifying the source andanst of RQ4:Which authors are the most cited?

the research and assessing the quality of theik y&].

~4 ~
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RQ5: Which countries lead the research of intellectud Empirical analysis
capital and Industry 4.0 (the most cited)? 51 Keywordsanalysis

VOSviewer was used as the main software for reaisi

Co-occurrence analysis includes keywords with the

the mentioned analysis. Visualization of Sciencgame subject. That indicates the presence, freyumt
Landscapes (VOSviewer) is free downloadable sotwapoximity of similar keywords in articles. It isugial to set

for building and visualizing reference networkgaarnals, up the threshold of the minimum number of occuresnaf
researchers, or individual publications. It carbbsed on keywords [30,31]. As research is divided into thpeets,
citations, bibliographic links, or co-authors. Tsmtware {41 each of them, we set a threshold separatefyeshold
provides text-mining capabilities that can be used 50 was set for the period 1980 — 2022; a thrielshio20
visualize consensus networks of important inforovatn  \y55 set for the period 1980 — 2010; a threshol0ovas
scientific literature. The software associates ka8 ot for the period 2011 — 2022. The top 50 frequent

using the association function (default). Assoorati

keywords for each sample are shown in Table 3.

strength is used to normalize the strength of llnddsveen

elements [29].

Table 3 The top 50 more occurred keywords of thesearched samples

Keywords Keywords Keywords
(1980 — 2022) | Occurrence (1980 — 2010) Occurrence (2011 — 2022) | Occurrence
Innovatior 6 857 Innovatior 79C Innovation 6 062
Performanct 3 95¢ Performanc 32¢ Performanc 3 62¢
Impact 2 52¢ Model 257 Impac 2 38¢
Model 194 Growth 247 Managemel 1 80¢
Managemel 193¢ Productivity 204 Model 168t
Growth 1 75¢ Firms 177 Knowledge 1 53(
Knowledge 1 68 Research and developm 17¢ Growth 1 50
Research and 1648 Technology 165 Research and 1478
developmer developmer
Firms 1 37¢ Industn 15¢ Technolog 1 202
Technolog 1 367 Knowledge 157 Firms 119
Productivity 123i Competitior 154 Entrepreneursh 110
Entrepreneurshi 118t Impac 13t Productivity 103
Determinant: 1 05¢ Investmer 12¢ Firm performanc 96€
Strategy 103¢ Managemet 127 Determinant 951
Firm performanci 1 01( Entry 12C Strateg' 93¢
Competition 87¢ Trade 11¢€ Capabilities 77¢
Capabilities 867 Dynamic: 111 Competition 724
Investmen 85( Market 10¢ Investmen 722
Industn 814 Determinant 104 Information 682
Informatior 774 Strateg 10z Industry 65E
Market 75C Evolution 95 Networks 652
Networks 73€ Informatior 92 Perspective 64
Perspective 70% Capabilitie: 88 Market 641
Behaviout 69% Network 93 Absorptive capaci 63C
Absorptive capacit 694 Diffusion 83 Behaviout 63C
Dynamics 68( Spillover: 81 Dynamic capabilitie 60¢
Trade 641 Entrepreneursh 78 Business 60C
Dynamic capabilitie: 63¢ Competitive advanta 73 SMEs 57¢
Business 628 Policy 67 Dynamic: 56¢
SME:s 59t Organization 66 Trade 52E
Competitive 548 Behaviour 65 Antecedents 510
advantagt
Evolution 54 Absorptive capaci 64 Framework 50C
Organization: 54C Product developme 64 Strategie: 492
Antecedent: 53t Patent 64 System: 471
Strategie 53¢ Integratior 62 Governanct 47¢
~5~
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Framework 534 Perspective 62 Competitive 475
advantag
System: 532 Employmen 56 Risk 47¢
Risk 52¢ System 55 Evolution 44¢
Policy 51F Costt 55 Policy 44¢
Governanct 502 Uncertaint 55 Quality 424
Quality 463 Demant 54 Integration 397
Integration 45¢ Size 53 Sustainability 387
Product developmel 43( Economic 53 Collaboratior 384
Collaboratior 417 Risk 53 Exploration 37¢
Exploration 407 Resourc-based vie 52 Market orientatio 367
Cooperatior 407 Economic growt 51 Design 367
Uncertaint 407 Return: 49 Product developme 36¢€
Market orientatior 401 Panel dat 45 Open innovatio 364
Efficiency 40C Firm performanc 44 Trust 36<
Resourc-based viev 394 Efficiency 42 Adoption 361

The period of 1980 — 2022 is the final sample fieum Period of 2011-2022. This sample includes 21,418
filtering which was step-by-step described in thevipus articles with total keywords of 43,253. As we mené&d,
part. The sample includes 24 671 articles and 46 Ofhe threshold for this sample was set at 50. Fiwedred
keywords. Almost 620 keywords met the threshol&@f sixty-five keywords that met the threshold wereidina
These keywords are divided into 4 clusters, illts in  into 5 clusters with 64528 links, illustrated irg&re 4.

Figure 2.

exploratior®
dynamic capabilities” %
e

compelilive ativantage =
“ as

fi, vosviewer

, , Figure 4 Analysis of keywords during 2011 — 2022
Figure 2 Analysis of keywords during 2011 — 2022

Period of 1980 — 2010. This sample includes 3,25%2 _Cltat|on analyss. . .

. L . With the help of co-citation analysis, we analyties

articles, which include 7,573 keywords. As we mamid, . . ) X
most cited journals, authors, and countries. Fas th

a threshold was set at 20. One hundred seventy-SiX

- ; nalysis, we used the third sample for 2011 — 2022,
keywords_that met the _threshold \were divided into season is that we want to represent the currentl tod
clusters with 6 481 links, illustrated in Figure 3.

citations or in other words, we would like to iltrete the
By results for the period when both researching cascare
e Y already developed in research fields.

' For this citation analysis, we set the minimum namb
of source documents to 5 and the minimum number of
source citations to 100. The sample contained 1 109
sources, of which 379 reached the threshold. Addeect
factor, quartile and publisher according to Jou@itdtion
Record (WoS product). We used the most recent data
available for 2021.

" research-and-development

cunershin

Bt
meapotet firtid g ™ P JoKEC entation
Lods Siaiics di@on ¢ 4
mem{jm S, L7 /s S
& evallijon
o

Figure 3 Analysis of keywords during 1980 — 2010
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Table 4 The top 10 most cited journals sorted kynithmber
of citations

Table 5 The top 10 of the most cited authors

Number of | Number of

citation: document
Nicholas Bloon 5 96¢ 21
John Van Reent 4 10: 35
Mike Wright 3 75¢ 42
Christian Kowalkowsl} 2 77¢ 29
David Dorr 2 43 9
Annabelle Gawe 2 32¢ 8
Gerard Georc 2 20: 24
Hashem M. Peras 1 81¢ 7
Qiang J 181t 18
Gordon H. Hansc 179 5

Number| Number of| Impact| Quartile
of documenty factor | (2021)
citation:s (2021
Research Polic| 21 73« 40( 9,47: Q1
Journal of 14 389 398 10,960 Q1
Business
Researc
American 10 986 115 11,490 Q1
Economic
Review
Small Businesg 8 849 287 7,096 Q2
Economic
Strategic 8 250 130 7,814 Q1
Management
Journa
Quarterly 7 524 47 19,018 Q1
Journal of
Economic
Management| 5 225 112 6,174 Q2
Scienci
Organization | 5141 101 5,154 Q2
Scienci
International | 5 003 160 9,36( Q1
Journal of
Operations &
Production
Managemet
Journal of 4971 55 8,238 Q1
Financial
Economic

To analyse the most cited authors, we used the co-
authorship analysis. The minimum number of source
documents was set to 5, and the minimum number of

source citations to 200. Four hundred forty-eighthars
met the threshold out of 39164. These authors dierded
into 25 clusters with 205 links (see Figure 5).

hashi, iraj
kianto, aino ~

" Vénp, chengqi

We have already mentioned (and illustrated) some

countries with the most published articles (seeféd). In
this part, we paid attention to the number of mts. For
this analysing, we have used co-authorship analysis
minimum number of source documents was set to &, an
the minimum number of source citations to 100. Bigh
eight countries met this special threshold setimigpf 151.
Figure 6 illustrates this co-authorship analysiseSe 88
countries were divided into 7 clusters with 1,6089.

southikorea

singapore

ndomest S a ireland
cagas

ehile colombia

brazil

rgentina

‘ VOSviewer

Figure 6 Co-authorship analysis by countries

The citation analysis gives similar results to mpe
descriptive statistics analysis (Figure 1). Resudte
demonstrated in Table 6.

kraus, sascha kha)n,s@;rtcpr
moteaaraine L. e jomes areli " Table 6 The top 10 most cited countries
codplen, LR 0 Number of |  Number of
coipan, i bromwynn . G ) bustingaescor ! citations document
g @ *'\-55 elle. Poa.
bloom, nicholas ™  §¥ e edd ¢ & g Englanc 151 37: 5 50z
blundell, richard TEeorge g !\g‘ Gha 1eg, heiko , -
e 3 Kawalkowski christi USA 125 49: 337
. German 36 04 1 55¢
#% VOSviewer Spall’ 33 93( 1 74E
Figure 5 Co-authorship analysis by authors Netherland 30 94, 1 04f
Italy 30 88! 1 56
Table 5 illustrates the top 10 most cited authortes Chine 28 93¢ 1 86(
by the number of citations. Franc 24 08’ 1 10¢
Swedel 21 25! 854
Finlanc 18 78! 734
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6 Conclusion Science database and may not include emerging or

This study provides an overview of published papefg§novative ideas that have yet to be published. Ve of
about intellectual capital and Industry 4.0 from8a9- Science database is comprehensive but does not abve

2022. The final sample of documents dealt with Z4 6 existing intellectual capital articles. Therefooey results

articles. We used descriptive statistics, co-oenoe are accurate for Web of Science articles but méigrdor

ana|ysisi and citation and Co-authorship ana|)(saﬂ$wer other databases. We should also note that redusukidbe

the research questions. We noted that the numbeticies ~ careful when summarizing our results. This methoesd

is increasing yearly and that researchers aredsimgly Not analyse entire articles because reference sisaly

interested in the field under study. analyses published studies' titles, keywords, &stracts.
The first research question concerns the main taemidowever, the bibliographic analysis also has pasiti

framing the Relationship between intellectual ilpiind aspects. It provides readers with a comprehensive

Industry 4.0. The second research question is Iglosé@Vverview of areas of interest.

related to the first one and deals with the trehtbpics

during the research period. The time window of zese Acknowledgement

was divided into three samples to understand thedtof The Slovak Scientific Grant Agency supported this

topics and their main keywords. The keywords dutirg research as part of the research project VEGA BI2@3

three periods are similar but have crucial diffeesy For “Intellectual capital and productivity of Europegions”.

instance, the keyword “Innovation” takes a maint ugr

each of them, but it relates to different areaghiose References

samples. From 1980 — 2010, innovations are undmtste [1] CABRITA, M.D.R., BONTIS, N.: Intellectual capait

a part of a resource-based economy and product and business performance in the Portuguese banking

development; during 2011 — 2022, innovations aleted industry, International Journal of Technology

to management, models, leadership, and othersveScan Management Vol. 43, No. 1-3, pp. 212-237, 2008.

summarize that the trend and frequency of the main https://doi.org/10.1504/IJTM.2008.019416

keywords are similar, but clusters and relatedcopary [2] CABRITA, M.R., CRUZ-MACHADO, V., DUARTE,

in different periods. Also, the Relationship betwee S.: Enhancing the Benefits of Industry 4.0 from

intellectual capital and Industry 4.0 is not welldied yet, Intellectual Capital: A Theoretical Approacin: Xu,

but it gives a good opportunity to provide new ezsh and J., Cooke, F., Gen, M., Ahmed, S. (eds) Proceedihgs

explore this relatively new area. the Twelfth International Conference on Management
The third and fourth research questions include the Science and Engineering Management, ICMSEM

most cited journals and authors. To identify thestroited 2018, Lecture Notes on Multidisciplinary Industrial

journals we use citation analysis. We can constaet the Engineering, Springer, Cham., pp. 1581-1591, 2019.

fact that more cited journals are also high-qualitiiey https://doi.org/10.1007/978-3-319-93351-1_124
belong to the better quartile groups and have [8] EDVINSSON, L.: IC 21: reflections from 21 years
distinguished impact factor. The most cited jousrate, of IC practice and theoryJournal of Intellectual
for example, “Research Policy” from ELSEVIER, “Joaf Capital, Vol. 14, No. 1, pp. 163-172, 2013.
of Business Research” from ELSEVIER, “Strategic https://doi.org/10.1108/14691931311289075
Management Journal” from Willey, and others (forreno [4] WANG, W., WU, S., NOURANI, M., KWEH, Q.,
information, see Figure 5, Table 3 and Table 4): Co CHEN, J.: Corporate Social Responsibility,
authorship analysis was used to identify the masdc Intangibles, and Dynamic Performance of the U.S.
authors. Based on our results, the most cited asithe Airlines, Revista de Contabilidad-Spanish Accounting
Nicholas Bloom, John Van Reenen, Mike Wright, Review Vol. 24, No. 1, pp. 104-115, 2021.
Christian Kowalkowski, David Dorn, Annabelle Gawer, https://doi.org/10.6018/rcsar.357891

Gerard George, Hashem M. Perasan, Qiang Ji, ardbGor [5] OBEIDAT, B.Y., ABDALLAH, A.B., AQQAD, N.O.,

H. Hanson (for more information, see Figure 6). AKHOERSHIEDAH, A.H.O.M., MAQABLEH, M.:
The fifth and last research question deals with the The Effect of Intellectual Capital on Organizatibna
countries which are leaders in the field of redeiag Performance: The Mediating Role of Knowledge

intellectual capital and industry 4.0 (based on the Sharing,Communications and Netwgriol. 9, No. 1,
information about counts of citations). Here, the- ¢ pp. 1-27, 2017. https://doi.org/10.4236/cn.20170410
authorship analysis was used. We mentioned lebdgele [6] RODRIGUE, J.-P.: The Geography of Transport
number of articles in describing Graph 3. A similar Systems5"ed., London, Routledge, 2020.
situation is with the citation. According to thember of https://doi.org/10.4324/9780429346323
publications and citations, England, the USA, Chihe [7] EDVINSSON, L.: Developing intellectual capitalt
Netherlands, Germany, ltaly, France and Sweden are Skandia,Long Range PlanningVol. 30, No. 3, pp.
among the leaders. 366-373, 1997.

This study also has limitations. This type of resha https://doi.org/10.1016/S0024-6301(97)90248-X
only captures previously published works in the V\ééb

~8~

Copyright © Acta Tecnologia, www.actatecnologia.eu



Acta Tecnologia

- International Scientific Journal about Technologies
Volume: 10 2024

Issue: 1 Pages: 1-10 [ISSN 2453-675X

Bibliographic research on the linkages between intellectual capital and Industry 4.0
Natalia Slyvkanyc, Jozef Glova, Samed Kruger

[8] STEWART, T.A.: Intellectual Capital in Intellectual
Capital, ® ed., Doubleday Business, 1997.
[9] ESMER, Y.,SAYLAN, O.: The Link of Industry 4.0

[16] MANZARI, M.,

and Organizational Transformation, Bilge
International Journal of Social Researctipl. 3, No.
1, pp. 1-8, 2019.

[10] SONY, M., NAIK, S.: Key ingredients for evaltiiag

Industry 4.0 readiness for organizations: a litmet
review, Benchmarking: An International Journal
Vol. 27, No. 7, pp. 2213-2232, 2019.
https://doi.org/10.1108/B1J-09-2018-0284

[11] XU, J., COOKE, F.L., GEN, M., AHMED, S.E.:

Proceedings of the Twelfth International Conference
on Management Science and Engineering
Management Lecture Notes on Multidisciplinary
Industrial Engineering, Cham: Springer Internationa
Publishing, 2019.
https://doi.org/10.1007/978-3-319-93351-1

[12] MARTIN, W.J.: Approaches to the measurement of

the impact of knowledge management programmes,
Journal of Information Scienc&/ol. 26, No. 1, pp.
21-27, 2000.
https://doi.org/10.1177/016555150002600102

[13] RUDEZ, H.N., MIHALIC, T.: Intellectual capital in

the hotel industry: A case study from Slovenia,
International Journal of Hospitality Management
Vol. 26, No. 1, pp. 188-199, 2007.
https://doi.org/10.1016/j.ijhm.2005.11.002

[14] BEATTIE, V., THOMSON, S.J.: Lifting the lid othe

Renaissance, 1 ed., London, Routledge, Great
Britain, 2015.
https://doi.org/10.4324/9781315761756

[20] FETTIG, K., GACIC, T., KOSKAL, A., KUHN, A,

STUBER, F.: Impact of Industry 4.0 on
Organizational ~ Structures In: 2018 IEEE
International Conference  on Engineering,

Technology and Innovation (ICE/ITMC), Stuttgart,
IEEE, June 2018, pp. 1-8, 2018.
https://doi.org/10.1109/ICE.2018.8436284

[21] VEREYCKEN, Y., RAMIOUL, M., DESIERE, S.,

BAL, M.: Human resource practices accompanying
industry 4.0 in European manufacturing industry,
Journal of Manufacturing Technology Management
Vol. 32, No. 5, pp. 1016-1036, 2021.

https://doi.org/10.1108/JMTM-08-2020-0331

[22] UZIENE, L.: Transformations of Intellectual Capital

in the Age of Industry 4.0n: European Conference
on Knowledge Management, Kidmore End, United
Kingdom: Academic Conferences International
Limited, Sep. 2021, pp. 786-793, 2021.
https://doi.org/10.34190/EKM.21.102

[23] CHIERICI, R., TORTORA, D., DEL GIUDICE, M.,

QUACQUARELLI, B.: Strengthening digital
collaboration to enhance social innovation capéal:
analysis of Italian small innovative enterprises,
Journal of Intellectual CapitalVol. 22, No. 3, pp.
610-632, 2020.
https://doi.org/10.1108/JIC-02-2020-0058

use of content analysis to investigate intellectugl4] VEILE, J.W., SCHMIDT, M.-C., MULLER, J.M,,

capital disclosureghccounting ForumVol. 31, No.
2, pp. 129-163, 2007.
https://doi.org/10.1016/j.accfor.2007.02.001

[15] CHU, P.Y., LIN, Y.L., HSIUNG, H.H., LIU, T.Y.:

Intellectual capital: An empirical study of ITRI,
Technological Forecasting and Social Chanyel.
73, No. 7, pp. 886-902, 2006.
https://doi.org/10.1016/j.techfore.2005.11.001
KAZEMI, M., NAZEMI, S.,
POOYA, A.: Intellectual capital: Concepts,
components and indicators: A literature review,
Management Science Lette¥®l. 2, No. 7, pp. 2255-
2270, 2012.
https://doi.org/10.5267/].msl.2012.07.018

a structural and measurement model of Intellectual
Capital: An exploratory study,Information &
ManagementVol. 43, No. 5, pp. 617-626, 2006.
https://doi.org/10.1016/j.im.2006.03.002

future of intellectual capital research: a systétnat
literature reviewManagement Decisigivol. 56, No.
11, pp. 2502-2583, 2018.
https://doi.org/10.1108/MD-08-2017-0807

[19] MOSCONI, F.:The New European Industrial Policy
Competitiveness and the Manufacturing28] LIM, K.W., BUNTINE, W.: Bibliographic analysien

Global

VOIGT, K.-I.: Relationship follows technology! How
Industry 4.0 reshapes future buyer-supplier
relationshipsJournal of Manufacturing Technology
ManagementVol. 32, No. 6, pp. 1245-1266, 2020.
https://doi.org/10.1108/IJMTM-09-2019-0318

[25] KNUDSEN, M.S., KAIVO-OJA, J., LAURAEUS, T.:

Enabling Technologies of Industry 4.0 and Their
Global Forerunners: An Empirical Study of the Web
of Science Databasén: Knowledge Management in
Organizations, L. Uden, I.-H. Ting, and J. M.
Corchado, Eds., in Communications in Computer and
Information Science. Cham: Springer International
Publishing, 2019, pp. 3-13, 2019.
https://doi.org/10.1007/978-3-030-21451-7_1

[17] MARTINEZ-TORRES, M.R.: A procedure to design[26] DONTHU, N., KUMAR, S., MUKHERJEE, D.,

PANDEY, N., LIM, W.M.: How to conduct a
bibliometric analysis: An overview and guidelines,
Journal of Business Reseayéfol. 133, pp. 285-296,
2021. https://doi.org/10.1016/j.jbusres.2021.04.070

[18] PEDRO, E., LEITAO, J., ALVES, H.: Back to the[27] CASTILLO-VERGARA, M., ALVAREZ-MARIN,

A., PLACENCIO-HIDALGO, D.: A bibliometric
analysis of creativity in the field of business
economicsJournal of Business Reseayctiol. 85,
pp. 1-9, 2018.
https://doi.org/10.1016/j.jbusres.2017.12.011

research publications using authors, categoribalda

~0~

Copyright © Acta Tecnologia, www.actatecnologia.eu



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

Bibliographic research on the linkages between intellectual capital and Industry 4.0
Natalia Slyvkanyc, Jozef Glova, Samed Kruger

and the citation networlMach Learn Vol. 103, No. future directions,ChemosphereVol. 303, Part 1,

2, pp. 185-213, 2016. p. 134990, September 2022.

https://doi.org/10.1007/s10994-016-5554-z https://doi.org/10.1016/j.chemosphere.2022.134990
[29] DEGROOTE, S.:Subject and Course Guides:[31]LIU, L., MEI, S.: Visualizing the GVC research co-

Bibliometric Analysis and Visualization: occurrence network based bibliometric analysis,

Bibliometrics with VOSViewefOnline], Available: ScientometricsVol. 109, No. 2, pp. 953-977, 2016.

https://researchguides.uic.edu/c.php?g=1233392&p=  https://doi.org/10.1007/s11192-016-2100-5
9025986 [27 Jan 2023], 2023.
[30] XU, D., YIN, X., ZHOU, S., JIANG, Y., XI, X.SUN,
H., WANG, J.: A review on the remediation ofReview process
microplastics  using  constructed  wetlandsSingle-blind peer review process.
Bibliometric, co-occurrence, current trends, and

~10 ~

Copyright © Acta Tecnologia, www.actatecnologia.eu



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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Abstract: Industry forms an important part of the Germamecoy and its development has a significant impacthe
overall economic cycle of the country. The aimraf tontribution is to identify industry indicatdet would be able to
predict the future development of the economiceyiGermany. For the purposes of creating a coitgposlicator, the
predictive capabilities of 170 indicators from war$s areas of industry for the quarters 2000-208@ fthe European
Commission database were examined. The leadingpitiéipa of the indicators were investigated usingthods such as
the Hodrick-Prescot filter to select the cyclicahgponent of the time series and cross-correlatitsinsg the Pearson
coefficient to determine the relationship to thereamic cycle of Germany. The industry indicatost thave the highest
level of predictive ability in relation to GermasyGDP include Employment expectations over the Berionths,
Assessment of the current level of stocks of fiedsiproducts, Competitive position on foreign maskeside the EU
over the past three months and an Industrial cenéid indicator.

Monitoring the cyclical development of industry
indicators is, for example, a source of important
information to support the development of future
innovations, which is confirmed by studies conddate
data from Poland [2,3].

In addition to the business sector, information on
cyclical development is also useful for the statethe

1 Introduction

Predicting the development of economic cycles thén
forefront of interest of many economists who area@wv
that it is a difficult path with an uncertain outce.
Predictions in general are associated with a hegjvek of
uncertainty, which makes it impossible to crealaée
models and procedures that would be valid over.tltrie

an ongoing process of searching for variablesdaatbest
predict the cyclical development of the economy given
time. Industry indicators can be included amonggtioeips
of variables that are among the leading indicatdrthe

process of preparing fiscal policy measures [4]sT$sue
is dealt with by several foreign studies such da 8aal.
or Buterin et al. [5,6].
Industry indicators can be found as components of

economic cycle for a long time. Itis the indugtrgt forms ~ composite leading indicators created by many ecéstsm
the basis of many national economies, such as G‘qﬁmaas well as national and international instituticueh as
without a doubt and represents a high share ofl tof@ECD or Eurostat. In the case of OECD, they are
production, emp|oyment and the creation of suskdéna qualltatlve and quantltatlve industrial indicattnat differ
economic growth [1]. Industry is also a sector verglepending on the country [7]. In the case of Gesman
sensitive to internal and external influences taatlead to Industry is represented in the composite leadinigcétor
fluctuations in the economic cycle. It is consideaesector by up to four indicators from the manufacturingteec
that copies or even precedes the development abesio  Which confirms the strong position of this sector i
cycles. Cyclical fluctuations have a significantpimet on  Predicting the economic cycle of Germany. Eurastée

decisions about production or reduction of activiy Ccase of each country as well as Germany uses the
industrial enterprises. Confidence indicator of industry as part of the posite

A|ready the financial crisis in 2008 showed a yg'onindicator, which constitutes up to 40% of the tatdVance
degree of reaction of the industry to external gesn indicator Economic sentiment indicator [8].
which subsequently led to a drop in GDP in many\toes Likewise, economists who deal with the creation of
of the world. Unexpected events such as the Co9id £omposite leading indicator at the national levahfom
pandemic or the war in Ukraine also affected thiéhat specific industry indicators are suitable foedicting
development of industrial production. Germany has Rusiness cycles and are closely related to thestrieli
special position in this system which results fram Orientation of that country. In the case ofthecmlmtnes,
export-import relations with other European ecoresmi it is, for example, the study by Vrana [9]. Spexifly for
For this reason, the development and predictiotthef Poland, these are studies by Bandholz or Zalewski[].
German business cycle is in the center of intarkstany For Germany, industry indicators are found in the
small and open economies, such as Slovakia.
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composite indicators constructed by Wirtschaftsvegchelimination (Hodrick-Prescott filter) - one of theasons
Obrex or Handbuch [12-14]. for choosing the HP filter was the fact that it @iminate
Most authors use industry indicators as componrghts the trend component in one operation and at the sene
composite indicators. Nasiri et al. proposed anrent smoothes the entire time series [16]. This allowsta
composite leading indicator from industry composgntobtain the cyclical components of time series, Wrace
declaring that this indicator has the ability tedict the essential for the analysis of economic cycles.The
business cycle at a maximum of 4 and at least ibger disadvantage of the HP filter is a “problem of entthat
ahead [15]. can be solved by predictions, for example, using th
A prerequisite for knowing the important industor f extrapolation method [17]The filter is defined as the
the economic cycle of the selected country is adejpth  solution to the following optimisation problefb8]:
analysis of the cyclical behavior of industry iratiors in
relation to the cyclical component of the GDP & gfiven
economy. This contribution focuses on the idertfan of
industry initiators that have an early potentiat the
development of the strongest European economy hwbic

yi= Tt G )

T T-1
min{rt} {Z(J’t - Tt)z + JZ[(QH —1) — (1¢ — Tt—l]z
t=1 t=2

Germany.
2
2 Methodology @)
For the purposes of this study, 170 indicatorseprtesi Wherey:is the original series; is the trend

by the European Commission for selected industricomponent and: is the cyclical component. The method
categories were analyzed (Table 1). The period0@02 consists in minimising the deviation of the oridisaries
2021 was selected and the data were processedawitom the trend (the first term of the equationyi as the
quarterly periodicity, which ensured a sufficientyng  curvature of the estimated trend (the second tefing.
time series to investigate the cyclical behaviortioé {ade-off between the two goals is governed by the

indicators. smoothing parametex. The higher the value of, the
) , ) smoother is the estimated trend.

Category et Of.?qyoprgtored Vc?f“atl)\lli;ba of To get optimal results for detrending, it has been
indicators in | indicators suggested to chooge1600 for quarterly data atd=14
category 400 for_monthly Qa'ga [16]: The advantage of 'Fhe HP

Business surveys 22 method is that no limitation is set on the lendtthe time

Production in indugtry: | Mining  and | 22 series. However, there is a requirement that yaulsh

A: Total quarrying seasonally adjust each series before proceedirty tit

Turnover inindugry: Manufacturin | 34 HP filter. The trend itself is not very interestimghen

A: Total g analyzing cyclical behavior. Therefore, the reghefstudy

B: Domestic market Electricity, was done with the cyclic components of each sétigls

C: Non domestic mark | gas, steam and Cross correlation — enables the relationship betwee

Producer  prices in|ar = 36 reference series and the time series of the imasti

industry: conditioning cyclical indicators. Cross-correlations are perfedmvith

A: Domestic market supply - : i

B: Non domestic mark | Water a flve-pgrlod forwa_lr(_j and bac_kward lag using tharE’(.mn

Import  prices  in | collection, 20 correlation coefficient, .WhICh reflects_ the - Imear

industry treatment and dependence between variables [20]. If this relatigmis

Labour input inindustry | Supply 36 non-linear, which we find out with the help of theph,

A: Employment we make it linear by transforming the variablesg.(e.

B: Volume of work done logarithm) and then calculate the new correlatidbhe

C: Gross wages and relationship between industry indicators and thenemic

salarie cycles of EU countries is determined based on tecs

Total 17¢ of the mutual correlation of cyclical componentheT

Source: own processing. monitored indicators can be considered as cyclical

, , ) i indicators if the second highest transition vatuérme t-5

Due to the need to identify the relationship betw&® 1 (.5 s greater than 0.55. These indicators shoyclical
components of the industrial and economic cycle Qfjationship with the reference series, which ésdjclical
Germany, which represents the economic cycle, mponent of GDP or the cyclical component of tidek

following methods were used: Seasonal cleanindnté t ¢4y strial Production (IIP), which represent thesiness
series (seasonal |nd|ces_) - itis necessary tdrobyalical cycle of Germany.For cyclical indicators, it is pifie to
components from the original data, and thereforeeed . .ote three groups of indicators [21]:

to seasonally smooth the time series. We will uUse t
method of smoothing through seasonal indices. Trend
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abilities of German business cycle

1. Leading Cyclical Indicators - The highest crossover
value is achieved at time t-1 to t-5. These inditat
evolve in advance of the development of the colstry

Table 2 The result of the cross-correlation betwisencyclical
component of GDP (Index, 2015=100) and cyclical ponent
of IIP (Index, 2015=100) in the period Q1 2000- £pP2

economic cycle and can be used to partially predi
cycle development.

. Coincident Cyclical Indicators- the highest crossover

value is achieved at time t. This is a set of iathics

that are evolving in line with the economic cycféet)

countries.

. Delayed (lagging) Cyclical Indicators - the highest

crossover value (The second highest cross-couoalati

value is tracked to confirm or displace the cydlica

relationship. If only the highest value could be

observed, it could only be a random high corretetio

+ Time Crosscorrelation

) t-5 -0,0¢
t-4 0,11
t-3 0,11
t-2 0,5C
t-1 0,64
t 0,92
t+1 0,63
t+2 0,3t
t+3 0,3t
t+4 0,11
t+5 -0,0¢

a given time without cyclic behaviour of the indiwa)

Source: own elaboration.

is reached at time t+1 to t+5. These indicators are

developing late in the economic cycle, e.g. groimth

The results from Table 2 show a strong correlation

employment and wages in the mining industry may bigetween GDP and IIP. This means that it is appatgto

delayed by several quarters of GDP growth.
Non-cyclical Indicators - if the greatest cross-
correlation value at t-5 to t+5 was less than 0T88s
set of indicators does not develop in any relatothe

use any of these time series for monitoring anedasting
the business cycle of Germany. Scientific studiesem
often work with GDP predictions. For this reasoe, will
also consider GDP as a reference serie in ouribatitm.

country’s economic cycle. This means that growth,

resp. the decline in the indicator
independently of the evolution of the economic eycl
and so, the indicator is not sensitive to changebe
economic cycle. Due to the different units of thetial
indicators, their normalised values obtained bygsi
the standardization method are used in the coniposit
of the composite leading indicator [22].

3 Resultsand discussion
3.1 Reference series representing the business
cycle
When we want to monitore and predict economi
cycles, it is important to choose a reference sehat will

develops.2

Indudtrial indicators used by Eurostat and

OECD in forecasting the business cycle of

Germany
It currently uses Eurostat and OECD industry
indicators to predict the German business cycle¢hat
international level. These selected industrial datbrs
have not changed over time for a long time ancefoee it
is important to know their predictive abilitiesthe present.
Table 3 presents the results of cross-correlationgour
industry indicators used by the OECD and the Inhlst
confidence indicator used by Eurostat.

C
Table 3 The result of the cross-correlation betwisencyclical

appropriately copy the development of the Germafemponent of GDP and cyclical component of indussigg by

economy. In general, such an indicator is consdti&@bP
or lIP. For this reason, the relationship betwéerciclical
components of GDP an and IIP is investigated utieg
Pearson coefficient.

Based on the significant position of industry ire th
economic cycle of Germany, it can be assumed hieati P
will behave as a concurrent indicator. This meaas the
highest value of the cross-correlation will beirett. The
probability of this result also increases due ®ftct that
we follow quarterly time series and not monthly.the
case of monthly data, there would be a greatergimibty
of catching a lead, but this lead would be reldgiahort
(1-2 months).

Table 2 presents the results of the cross-coroelaf
these indicators at time t-5 to t+5.

OECD and Eurostat in the period Q1 2000- Q4 2022
Indicators L eading
period
(correlation
value)
OECD indicatorsof industry (componentsof CL1)
Manufacturong survey - export ordéf0.707)
books: level sa (% balanc
Manufacturing survey - export ord
books: expectation (% balanc
Manufacturing surve- new orders

Manufacturong survey - finished goq
stocks: level (% balance) invert
Eurostat: Industrial confidence
indicator

Source: own calculation.

t-1 (0.685)

t (0.704
-2 (0.72)

t-2 (0.679)

For the monitored period from Q1 2000 to Q4 2022, i
was demonstrated that currently all investigatetustry
indicators can be considered cyclical as they skow
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significant relationship with the cyclical compomnesf  were indicators from the Business Survey categmyded
Germany's GDP. However, the nature of the cyclican the industry, where there were data of a quiztand
behavior of the selected variables indicates thatet quantitative nature focused on expectations of oelers,
indicators behave in relation to the cyclical comgiat of competitive position or expectations of employment
Germany's GDP as concurrent indicators and also twievelopment. The second large group consisted of
variables have the nature of leading indicatorss Wreans indicators focused on production in industry, twerin
that two indicators used by the OECD can providandustry, producer prices, import prices and labput in
sufficiently high-quality information about the milsle industry in various categories of industry as
future development of the economic cycle of Germanynanufacturing, mining and quarrying, electricityasg
namely the Manufacturing survey - new orders ansteam and air conditioning supply and water cabect
Manufacturing survey - export order books: expéatat treatment and supply. The cross-correlation results
and the Industrial confidence indicator used byoBtat for between the cyclical components of the variabldeated
prediction. These indicators can provide the mostieate several significant findings. Most industry indioet
prediction approximately more than one quarterdhBar showed a concurrent relationship with GDP. Theseewe
this reason, it is possible to consider them aigatars that indicators from the turnover in industry and prosiuc
can tell us about the future direction of the eeoicacycle  prices group. Labor market indicators were mostiyged

of Germany. The other two OECD Manufacturingndicators. The largest group of leading indicatees in
indicators can be used to monitor, but not to mtedhe the Business Survey group.

German business cycle. Figures 1-4 illustrate the development of selected
industry indicators and Germany's GDP. The Indaistri

3.3 Indudtrial indicators showing a prediction confidence indicator is one of the components @ th
before the economic cycle of Germany Economic sentiment indicator (ESI). The ESI is

In order to determine the cyclical behavior of indiial ~ constructed by Eurostat on a monthly basis and is a
industry indicators in relaton to GDP, cyclicalcomposite indicator that captures the confidensetafctet
componentswere selected for all 170 indicators.s€he€conomic subjects across sectors such as industry,

construction, services and consumers.

20 4
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Industial confidence indicator = GDP Germany

Figure 1 Development of the cyclical componentSDBP (index, 2015=100) and Industrial confidencdigator for Germany
Note: All series have been seasonally adjusted, detreaoigdormalised.
Source: own calculation.
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Figure 2 Development of the cyclical componenSDBP (index, 2015=100) and Produgaices in manufacturing for Germany
Note: All series have been seasonally adjusted, detreaoigdormalised.
Source: own calculatic
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Figure 3. Development of the cyclical componenSbDP (index, 2015=100) and Turnover in industogr Germany
Note: All series have been seasonally adjusted, detreaigdormalised.
Source: own calculation.

= GDP Germany = Employment in industry (manufacturing)

Figure 4. Development of the cyclical componenSbBP (index, 2015=100) and Employment in indudtyy Germany
Note: All series have been seasonally adjusted, detreaoigdormalised.
Source: own calculation.

According to Figures 1-4, the Industrial confidencearea of manufacturing was also delayed, where ay d#l
indicator is ahead of the development of Germa@{®. t+2 was recorded at the level of 0.689.
This was also confirmed by the value of the cross- Table 4 shows the time of prediction in quartersvim
correlation, which was at the level of 0.687 a&tiz2. The groups of monitored indicators, where the advance
Turnover in industry indicator (manufacturing) stemiva behavior of selected indicators was recorded. Ehibe
concurrence with GDP with a cross-correlation vadfie area of Business Survey and Manufacturing. The heast
0.85 at time t. Producer prices in industry (macouwfang) indicators with a lead time of one to two quaregpeared
showed a lag for GDP at the level of 0.652 at tifile The in the Business Survey category.
development of the employment in industry indicattdhe

Table 4 Results of the predictive capabilitieshef Business Surveys Indicators from industry amdeh Indicators of production in

industry
Business Survey indicators Indicatorsof production in industry
Indicator Time of Indicator Time of
prediction prediction
Production development observed ove t-2 Total (Mining and quarrying) t
the past imonth:
Employment expectations over the nex t-1 Mining of coal and lignite X
month:
Assessment of order-book levels t Extraction oflerpetroleum and n
natural ga
Assessment of export or-book level t Mining of metal ore n
~27 ~
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Assessment of the current level of stoc t-2 Other mining and quarrying t-1
of finished produc
Production expectations over the next t-2 Total (Manufacturing) t
month
Selling price expectations over the nex{ 3 t Manufacture of food products t
month:

Industrial confidence indicat t-2 Manufacture of beverag X
Assessment of current production cap: t Manufacture of tobacco produ X
Duration of production assured by currgnt  t Manufacture of textiles t

orderbooks, montk
New orders in recent mon - Manufacture of wearing appa X
Export expectations for the months ahe t-2 Manufacture of leather and relateg t
product:
Current level of capacity utilization (%) t Manufare of wood, paper, printing t
and reproductic
Competitive position over the past 3 t-2 Manufacture of paper and paper t
months: on the domestic mar product:
Competitive position on foreign market t-2 Printing and reproduction of recorded t
inside the EU over the past three mo medie
Competitive position on foreign markets X Manufacture of chemicals and t
outside the EU over the past three ma chemical produc
Factors limiting the production - None t Manufaetarf basic pharmaceutical X
products and pharmaceutical
preparation
Factors limiting the production - t Manufacture of rubber and plastic t
Insufficient deman product:
Factors limiting the production - Labouf t Manufaet of other non-metallic t
mineralproduct:
Factors limiting the production - X Manufacture of basic metals t
Equipmen
Factors limiting the production - Other t Manufaetof fabricated metal t
products, except machinery and
equipmer
Factors limiting the production - Financial n Manufacture of computer, electroni t
constraint and optical produc r
Note 1: t: concurrency, t-1, t-2, t-3: leading perlength in quarters, x: indicators do not showlicyrelation, n: no data
Source: own calculation
Industrial confidence indicator, Index, t-2 (0.687)
Table 5 shows the results of cross-correlationdeendl 2015=10!
time for the six industry indicators that showeé thest Competitive position on foreign t-2 (0.602)
predictive abilities in the period under reviewthe future, markets inside the EU over the past
these indicators have the potential to form comptmef three months, Index, 2015=1
composite indicators designed to predict the ecamom | Manufacturing survey - export ordef t-1 (0.685)
cycle of Germany. books: expectation (% balan
Manufacturing survey - finished t-2 (0.72)
Table 5 Leading indicators of German business cycle goods stocks: level (% balance)
Indicators Leading invertec
period Source: own calculation
(correlation
: value) 4 Conclusions
Industry, Employment expectationg t-1 (0.703) Industry is still an integral part of the econoofy
over the next 3 months, Bala many countries, among which Germany undoubtedly
Industry, Assessment of the current t-2 (0.628) |  pelongs, and plays a significant role in the coeatf the
level of stocks of finished products, country's GDP. From this point of view, it is impant to
Balanc know if there are sectoral indicators that coultus about
the possible future development of the countrysinmss
~ 28~
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cycle. The aim of this contribution was to identifyoups

of indicators that have the ability to predict the
development of the German economy. By analyzing 1

indicators, we came to the conclusion that indicafimm

the field of business research have the best pieslic

ability. These are primarily expectations of futarders or
finished products, as well as expectations of egrpent

in industry. The confidence indicator in industrgsvalso  [7] OECD: OECD Composite Leading

[6] BUTERIN, V.,

SKARE, M., BUTERIN, D.
Macroeconomic Model of Institutional Reforms’
Influence on Economic Growth of the New EU
Members and the Republic of CroatiBconomic
Research-Ekonomska Istrazivanjéol. 30, No. 1, pp.
1572-1593, 2017.
https://doi.org/10.1080/1331677X.2017.1355260
Indicators:

significant. In the study, we also focused on nmamig the
predictive capabilities of currently used indudtria
indicators used by the OECD and Eurostat.

Based on the analysis of these indicators we ¢

Reference Turning Points and Component Series —
OECD, [Online], Available: https://www.oecd.org/sdd
/leading-
indicators/oecdcompositeleadingindicatorsreferancet

claim that the Manufacturing survey indicator - rerders,
Manufacturing survey indicator — expectation frofa@CD

ningpointsandcomponentseries.htm  [10 Dec 2023],
2023.

and the Industrial confidence indicator used byoBtat are [8] EUROPEAN COMMISSION: Industry in Europe.

suitable for predicting the German business cyOkber

industrial indicators used by the OECD and Eurost

currently do not have the ability to predict theelepment

of Germany's GDP. This means that there is an g#sam [9] VRANA, L.:

that over time there is a change in the predicthiéties of
industry indicators and for the needs of reliabledgction

Facts & figures on competitiveness & innovation,
Luxembourg, Publications Office of the European
Union, 2017. https://doi.org/10.2777/899824

On extending composite leading
indicators by international economic seri8satistika,

Vol. 98, No. 2, pp. 113-13, 2018.

they must be changed in consideration of curre[10] BANDHOLZ, H.: New Composite Leading Indicators

developments.

The results of this study make it possible to terea
composite indicator for the economic cycle of Gamnin
the future. However, for an overall view of the otiy's
economy, it is necessary to supplement the analyisiis
other important sectors in addition to industry.
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Abstract: The impact of a company's intangible assets andiket value has been a topic of great intereahy\studies
have focused on various factors, such as industg, age, indebtedness, and profitability of camgs which influence
decisions regarding the disclosure of informatibaw intangible assets. This study examines tlgeafihtangible assets
in the valuation of a company's market value akdganto account other firm-specific charactersstiour analysis was
conducted on a sample of 50 publicly traded congsattiat are part of the EURO STOXX 50 index andecthom eight
countries in the eurozone: Belgium, Finland, Fratkhe Netherlands, Ireland, Germany, Spain, ary. [fehe study
covered a five-year period from 2018 to 2022.Trealts of our study indicate that intangible aséetge a significant
impact on a company's market value. In conclusian,study highlights the growing importance of mgible assets in
today's economy and their significant influence aosompany's market value. Investors can benefih feodeeper
understanding of these factors, aiding them in stment decisions. For companies, the strategic gesment of
intellectual assets is essential for long-term sascAs the importance of intangible assets coegirta rise, further
research in this area is necessary to gain deegights into their impact on the business world.

1 Introduction property is central to a company's economic arahfiral

The transition from industrial to knowledge-baseguccess, essentially determining its survival [@koday’s
economies has been a hallmark of economic evoliion COmpetitive and rapidly changing business envirarime
recent decades. This shift has brought about sutimta the strategic handling of intellectual assets Inasrged as
changes. not only in the way businesses operatidgmin 2 make-or-break factor for companies.
the way they create, manage, and protect theitsasse However, despite the growing importance of intalegib

the forefront of this transformation is the inciegs assets, there's a significant challenge in adelyuate
significance of intangible assets. representing their value in financial statementhie T

|ntangib|esi encompassing a wide range of asdeats |iiﬂf0rmati0n disclosed in these statements oftels &ilort
computerized data, economic expertise, intellectulf} capturing the concealed or intrinsic value cbenpany's
property' and more have gained a new level of mer“je_ |ﬂtang|b|e assets. This limitation hinders the |Qb|t0
They are now considered critical drivers of a comym accurately quantify the true worth of a company's
performance and success. In fact in some casesatieey intellectual capital and assess the advantagesnisto
viewed as potentially more important than tangiseets the firm [5].

[1,2]. This shift in perspective is not just a reatof Nevertheless. the importance of bridging this gap
academic debate; it has profound implications fee t between intangible assets and financial reporting i
global and local economies. undeniable. Understanding how investments in intdes,

At the macroeconomic level, investments in intategib @s reported in financial statements, impact a corylpa
capital have been growing at an unprecedentecnatare Market value can provide several benefits. It capawer
outpacing investments in tangible assets in manpties, Potential investors to make more informed decisigogie
as highlighted in the research by Dal Borgo ef3)l.This  their investment strategies. and help them recegthie
trend suggests that nations are recognizing thel hee true value of the companies they're considering for
foster innovation, knowledge creation. and int¢llat investment. At the corporate level, this undersiegidan
property development as key drivers of economisvfio  €nhance the strategic management of intellectustss

On the microeconomic scale, it's becomingnhabling companies to leverage their intangibleus=es
increasingly clear that effective management @fliectual
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more effectively and ultimately contribute to théong- 2 Methodology

term success. . _ _ o The objective of this study is to assess how irtdeg
In light of these considerations the aim of thischr is  assets within a corporation influence the compangteket
to determine the impact of a company's intangis#®ts on  yajuation, which is estimated using Tobin's Q. The

its market valuation. literature review reveals that a company’'s markdéievis
_ influenced not only by the aggregate worth of &seds but
Theoretical background also by a wide array of external and internal fegto

Intangible assets do not have physical substanceaa extensively explored in empirical studies. In maages,
significant number of them do not align with theTobin's Q has been frequently adopted as a prosigthla
conventional accounting standards for recognitiotb assess a firm's value in research investigative
nevertheless, they make a substantial contributiothe connection between intangible assets and the [Bss$ne
market value [6]. market worth. For example, Hall et al. [14] and Kehal.

The motivation for a firm to invest in generatingw  [15] firmly support Tobin's Q as the most suitablgicator
knowledge has been a subject of extensive res@atble  of a company's market value, as it considers Ihattiuture
realm of intellectual capital and intangible assatgivotal potential value of the company and the expecteevityro
aspect influencing a company's commitment to irginga stemming from R&D investments. When a company's
its intangible value is the industry in which itesptes. Tobin's Q ratio exceeds one, it signifies that nierket
Industry-specific attributes play a significant e@oin  value of the company surpasses the book value assets.
determining whether a company emphasizes buildings noted by Rao at all. [16], this surplus valupresents
intangible assets over tangible ones. Moreovertosec an unquantified source of worth associated witarigtble
specific dynamics influence how companies acquée n assets. In line with this objective, the researgpothesis
knowledge and enhance their existing intangibleetassput forward is as follows: H1: The intensity ofangible
base. It's important to note that there are diffeés in how assets has a statistically significant positiveetfon the
service and non-service sectors acquire new kn@eledmarket valuation of companies.

[7]. For instance, manufacturing companies invesivily We conducted data analysis pertaining to companies
in research and development (R&D) activities, whilgvithin the EURO STOXX 50 index, which is an equity
service sector firms often rely on external soustesh as index designed by STOXX. a Swiss index provider @svn
customer interactions and partnerships. by the German company Deutsche Boérse Group. This

In addition to industry-related factors, the valoe index includes the 50 largest and most liquid stock
intangible assets is also influenced by firm-specif companies in Europe. specifically from eight coigstin
characteristics. Corporate governance policies ay the eurozone: Belgium, Finland, France, the Nedneld,
significant role in a company's decision to diselos|reland, Germany, Spain, and lItaly. The companies
information about intangible assets and R&D investta. included in this index collectively represent ups@o of
Transparent reporting of intangible assets can feglpce the market value of eurozone firms. making the EURO
information asymmetry between the company and eater STOXX 50 a reliable indicator of eurozone developtne
stakeholders, leading to more favorable fundingnger We worked with financial statement data from
[8,9]. Profitable companies with consistent salesmh companies obtained from the Wall Street Journaliuete
tend to have higher market values due to theireaggd and data on firms' market capitalization availabhethe
intangible asset value [10]. Companies Market Cap website. The analyzed timmedra

Furthermore, companies achieving higher profitabili covered the years 2018 to 2022. It is importamictie that
should be encouraged to disclose information abwit we did not include data for the company Prosus ftioen
intangible assets in financial statements to atpatential Netherlands in our analyzed dataset. The reasothi®r
investors. Other firm-specific factors like sizggeaand exclusion is that Prosus was founded in 2019, and,
debt load may also impact intangible asset disciosutherefore, it was not part of the analyzed period.

While larger companies tend to invest more in R&Hh Significantly, companies from France, making up 32%
levels of indebtedness can hinder R&D intensity.[11  of our sample (16 firms), and companies from Gegnan
The relationship between intangible assets, R&Romprising 28% (14 firms), are the most prominenbur

intensity, and market value is complex and infleghby dataset. Following are countries such as the Neitds,

various industry and business-specific factors.[T2je with 12% representation (6 firms). Italy at 10%fi(Ens),

disclosure of R&D expenditures in financial statetses Spain at 8% (4 firms), Finland at 4% (2 firms), gem at

a partial reflection of a company's innovation parfance, 2% (1 firm), and Ireland at 2% (1 firm).

but investors often consider this data when making For the purpose of our research, we conducted @l pan

investment decisions [13]. In summary, a companydata regression analysis to determine the mosatseit

market value is determined by a broad range of@xogs model for describing the relationship between irhejent

and endogenous factors beyond the total worth of idnd dependent variables. We used a standard mésgdo

corporate assets [12]. for estimating regression models for panel datae Th
estimates were performed using R Studio softwatktiae
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plm package. We tested the estimated model tordater
whether it is a model with significant time andiindual
effects or a fixed-effects model. We also examimnbdther Where:
the chosen econometric model satisfies the sttisti  a;includesheter ogeneity or individual effects, and it
assumptions. also contains a constant term along with a set of
In our regression analysis we used the followingdi individual or group-specific variables, which may be
effects model: observed or unobserved, but they are taken to
beconstant over timet.
MV = By + By * ALy + B, * TAl, + B3 * CashHI;,
+B4 * Profity, + Bs * LEV;, + a; + & 1)

Tablel Dependend and independent variablesin model

Depended Variable
Market Value MV=Tobin's Q = market capitalization/book valuetofal assets.
Independed Variable
Intangible Assets Intensity |Al = book value of intangible assets/book valugatél assets
Control Variables
Tangible Assets Intensity TAI = book value of tangible assets/book valueotdltassets

Cash Holdings Intensity CashHI= book value of cash holdings/book valuetdltassets
Profitability Profit = EBITDA/book value of total assets
Leverage LEV = long-term debt/book value of total assets

Source: Own e aboration

In Tablel1 we cold see that the market value (M\tjdo We conducted the analysis for all companies in the
be calculated as Tobin's Q, which is defined asrtheket index, as well as the technology sector, the ensegjor,
capitalization divided by the book value of totatets. and the manufacturing sector. In energy secterettvere

The Intangible Assets Intensity (IAl) is determingd 4 companies from ltaly, France, and Spain, spedific
the ratio of the book value of intangible assetthéeobook ENEL, Eni, Iberdrola, and TotalEnergies. In the
value of total assets [17]. manufacturing sector, there were 7 companies frioen t

Tangible Assets Intensity (TAI) is determined as thNetherlands, Germany, lItaly, and France, spediical
ratio of the book value of tangible assets to thekbvalue Airbus, BMW, Ferrari, Mercedes-Benz Group, Safran,
of total assets. Stellantis, and Volkswagen Group. In the technology

The Cash Holdings Intensity (CashH]l) is calculaed sector, there were 6 companies from the NetherJands
the ratio of the book value of cash holdings to boek Germany, Finland, and France, specifically ASML
value of total assets [18]. Holding, Infineon Technologies, Nokia, SAP, Scheeid

Profitability (Profit). in this context, is compwtexs the Electric, and Siemens.
ratio of EBITDA (Earnings Before Interest, Taxes,

Depreciation, and Amortization) to the book valfi¢otal 3  Resultsand discussion

assets [19]. In order to provide an overview of the fundamental
Leverage (LEV) is defined as the ratio of long-tergharacteristics of the data utilized in our analysie have
debt to the book value of total assets [20]. presented a summary of descriptive statistics Islera.
Table 2 Descriptive gtatistics

Variable MV 1Al TAI CashH| Pr ofit LEV

Average 0.63 0.24 0.08 0.1C 0.11 0.1¢

Min 0.01 0.0C 0.0C 0.0C 0.0C 0.0C

1Q 0.22 0.03 0.04 0.04 0.08 0.12

Median 0.6t 0.18 0.0€ 0.07 0.0¢ 0.2C

3Q 1.57 0.37 0.17 0.13 0.13 0.2€

Max 2.5C 0.9C 0.83 0.84 0.31 0.4t

Source: Own el aboration

Considering that the average Q Ratio is approxilpatebeen relatively undervalued. This also suggestsiihsket
0.63, it can be stated that companies in our safmple capitalization did not exceed the replacement obsttal
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assets for these companies on average during tied pe words, a significant portion of the companies tetodsold
under consideration. The median for the leveragabi® cash as a relatively smaller proportion of theisess
is approximately 20%. This means that half of thédicating variability in cash holding practices @mgy the
companies in the sample have a leverage value lthaar companies in this sample. The average value ohdsiliée
20%. while the other half has a leverage valuedighan Assets Intensity is approximately 0.24. This sutgtsat,
20%. Regarding cash holdings intensity we can ecmlecl on average, intangible assets constitute about @4#te
that 75% of the companies in the sample maintagh catotal assets of the companies in the sample. iifgég the
holdings at a level representing less than 13%eif total importance of intangible assets as a substantinpoaent
assets. The remaining 25% of the companies haigharh of these companies' total assets in this dataset.

cash holdings intensity relative to their totalessin other

Table 3 Descriptive satistics

Complex Technology Energy Manufacturing
LAl 1.943 ** 2.179 ** 0.401 -0.97¢
(0.718 (0.496 (3.725 (2.505
TAl 0.9595; 0.597 -10.191 * -0.39¢
(1.019 (0.499 (3.334 (2.135
11.479 *** -0.68¢ 2.63¢ 16.988 :
CashHI (1.1780 (0.875 (3.764 (6.951
Profit 22.382 f** O.63(v 25.563 f** 17.136 f**
(2.790 (0.770 (6.679 (2.790
LEV 1.39:2 -1.18¢ 8.22¢ -2.54¢
(-1.869 (1.270 (4.542 (3.855

Source: Own elaboration
Note: Level of significance: P-value < 0.05 (*)vplue < 0.01 (**); p-value < 0.001 (***)

Our analysis aimed to understand the factorsgnificant, with a one-unit increase in Cash Hodgdi
influencing Tobin's Q, which measures market valite. Intensity leading to a substantial increase of 88.th
conducted the analysis (Table 3) for the "Comptag'tlel market value.
and specific sectors, including "Technology," "Enet In all sectors, we reliably found that higher piafility
and "Manufacturing." We found that the presence qdositively influences market value. In the "Complex
intangible assets had a significant impact on marideie. model, market value increased significantly by 82.8r
In the "Complex" model, an increase of one unit irvery one-unitincrease in profit. The effect wasremore
Intangible Assets Intensity led to a substantiaféase of pronounced in the "Technology" sector, where a wme-
1.943 in market value. In the "Technology" sectbe increase in profit led to a 25.563 increase in retavialue.
effect was even more pronounced, with a one-uaielse We also found a statistically significant impact of
in Intangible Assets Intensity resulting in a 2.17&ease profitability on market value in the "Energy" and
in market value. However, we did not find a stataly "Manufacturing” sectors.
significant impact in the "Energy" sector. In the Leverage had mixed impacts across sectors, indgati
"Manufacturing" sector, we observed a negative hpa that different sectors have varying sensitiviteteterage.
with a one-unit increase in IAl leading to a desee@f However, the estimates were not statistically Sicgt.
0.974, but this result was not statistically sigmift.

The "Complex" model and "Technology" sector did nof  Conclusions
show any statistically significantimpact of Tarigilé\ssets The impact of a Company‘s intangib]e assets on its
Intensity on market value. However, in the "Energymarket value has been a topic of great interestyMa
sector, we observed a significant negative impAct. stydies have focused on various factors, suchdasiry,
increase of one unit in Tangible Assets Intengty o a sjze, age, indebtedness, and profitability of congm
significant decrease of 10.191 in market valuethe \hich influence decisions regarding the disclosofe
"Manufacturing” sector, we did not find a statialg  information about intangible assets. This studyneiras
significant impact. the role of intangible assets in the valuation cbampany's

The presence of cash holdings had a significanb@p market value and considers other firm-specific
on market value. In the "Complex" model, an inceea characteristics.
one unit in Cash HoIdings Intensity resulted iligalisﬁcant Our ana|ysis was conducted on a Samp]e of 50 Fi!db'lC
increase of 11.479 in market value. This suggesas t traded companies that are part of the EURO STOXX 50
companies with higher cash holdings in their baangndex and come from eight countries in the eurozone

sheets tend to have significantly higher marketealn the  Belgium, Finland, France, the Netherlands, Ireland,
"Manufacturing" sector, the effect was even more
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Germany, Spain, and ltaly. The study covered ayeer [9] HIDALGO, R.L., GRACIA-MECA, E., MARTINEZ,

period from 2018 to 2022. I.. Corporate governance and intellectual capital

The results of our study indicate that intangildeeds disclosure,Journal of Business Ethics, Vol. 100, pp.
have a significant impact on a company's marketezal 483-495, 2011.

Our study highlights the growing importance of10] LU, Y.H., TSAl, C.F., YEN, D.C.: Discovering
intangible assets in today's economy and theirfggnt Important Factors of Intangible Firm Value by
influence on a company's market value. Investors ca  Association Rules,The International journal of
benefit from a deeper understanding of these facaiiing digital accounting research, Vol. 10, pp. 55-85, 2010.
them in investment decisions. For companies, tlatesfic [11] OMOYE, A.S.: Determinants of intangible assets
management of intellectual assets is essenti@rfigrterm disclosure in annual report: Evidence from Nigerian
success. As the importance of intangible assetsnuas quoted companiednternational Journal of Asian
to rise, further research in this area is necessaain Social Science, Vol. 3, No. 5, pp. 1152-1165, 2013.

deeper insights into their impact on the businesddy [12] RAMADAN, I.Z.: Panel Data Approach of the Fiign
Value Determinants: Evidence from the Jordanian
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Abstract: Advancements in analytics and loT have enablethbsses to see more clearly throughout their sugmins.
With this increased connectedness, supply chairag@nent, wait times can be reduced, and logist&sbe enhanced.
Industry 4.0 has two effects on workers who are dnunover the one hand, this enhances output ardieeffy as
machines take over tasks that humans can no leegemplish. New skills and knowledge are nevertdsetequired as
human tasks change. Regarding the need for nels ahill knowledge, industry 4.0 is also having apaah on human
labour. As a result of Industry 4.0, workplaces #ralskills required for success are evolving. itaén consequence is
the need for new knowledge and abilities.

1 Introduction » The growth of physical system self-management and
The recognition of an innovation is contingent ufien ~ inter-machine connectivity is facilitated by theeursf
potential for individual and social applicationshih are the Internet of Things.
multiplied and diverse due to their significandeislalso > Implementation of self-learning initiatives to eresu
feasible to claim that true innovation consistseshaping ongoing production system development.
humanity's actual requirements by allowing the rehti
unanticipated to become possible. These phrasesycle 1.2 General views on Industry 4.0
place the idea of Industry 4.0 in the innovativeds that A multifaceted concept, Industry 4.0 encompasses
are thought of as a theory ahead of actual practibech  several aspects for diverse stakeholders. From our
is likely to create the connections between peaptétheir perspective, Industry 4.0 refers to a comprehensatef
societies with the future. cutting-edge technologies that assist industriat@sses in
A sudden, drastic shift is indicated by the wordecoming more dependable, efficient, productived an
"revolution." Throughout history, revolutionary ftiin  customer-focused.
social structures and economic systems have beeglr The change of manufacturing and other industries,
about by new technology and fresh perspectiveshen tdriven by information, is known as Industry 4.0, g
world. many other names. Connecting people, data, systems,
However, the fourth industrial revolution is nohited ~services, and loT-enabled industrial assets digital
to intelligent and networked systems and devidesehch between the physical and cyber realms is the airttef
is significantly wider. Concurrently, there are wavof Industry 4.0 environment. Acquiring, applying, and
new scientific breakthroughs in areas such as quoant optimizing actionable information is the aim. Inttys4.0,
computing, genome sequencing, nanotechnology, agdcording to some commentators, refers to a complet
renewable resources. Because of the confluenceestt digitalization of the industrial process and a fatstage of
technologies and their interactions with the digitaindustry. Some perceive Industry 4.0 as an estwlis
biological, and physical worlds, the fourth indigtr concept that embodies enhanced production managemen
revolution is fundamentally different from previousand organization over complete value chains anduymto
revolutions. life cycles.
Emerging technologies and broad-based innovaten ar
spreading far more quickly and broadly in this fation 1.3 Foundational elements of the Industry 4.0

than in the others that are still happening in soegions structure
of the world. Industry 4.0 frameworks are widely available. Every
nation that is actively upgrading its manufactutiage has
1.1 Characteristics of Industry 4.0 unigue. Industry 4.0 is dependent on multipleingtedge
Characteristics of Industry 4.0: technologies. While some are well-known, othersehav
» switch to robotronics from manual labor, ensuringtt only recently been offered for sale.
all production operations are automated. The lists of technology used by various analysty va

» widespread deployment of unmanned vehicles has Istightly. (The Boston Consulting Group conducted a
to the modernization of transportation and logadtic research in 2017 that inspired ours.) Nonetheladsistry
systems. 4.0 frameworks typically highlight the following

technologies:
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Big data and advanced analytics There are vast components that communicate with one another via
amounts of unanalyzed product and process dathein tommon protocols. With this manufacturing strategy,
industrial environment. Its analysis and subsequeahalytics and decision-making will be decentraljzed
transformation into useful information can enhancallowing for real-time responses.
services, optimize production quality, and faciéta Additive  manufacturing: In  Industry 4.0
quicker and more accurate decision-making. manufacturing settings, these technologies arentbst

Advanced robotics Robots will interact with humans, effective option for creating high-performance,
collaborate with them safely, and eventually pigk ucustomized, small-batch goods.
knowledge from them as they develop in flexibility, Cloud-based service-enabling technologies
cooperation, and autonomy. Industry 4.0 offers éhesCompared to previous processes, Industry 4.0

opportunities within a production framework. manufacturing operations need a greater amounat d
Advanced simulations Pre-production testing and sharing between sites and businesses.
process optimization for products will be possilibe The creation of more industrial execution systems

operators in Industry 4.0 environments thanks to 3[MESs) that employ cloud-based machine data will be
simulation of product creation, material developtnend fueled by the move to cloud-based data managenment a
manufacturing processes. storage.

Artificial intelligence (Al) and cognitive computing: Augmented reality (AR): AR allows real-world
Cognitive manufacturing leverages the Internetloih@s production views to be overlaid with virtual infoation to
(loT), sophisticated data analytics, and cognitiveffectively portray manufacturing processes. Thestmo
technologies like Al and machine learning. The iyal likely use of AR in ASEAN nations is to teach teiigns
effectiveness, and dependability of industrial agiens and future employees how production systems opérate
will all improve when these technologies are coredin  real time.

Industrial Internet of Things (lloT): A growing
number of products will include internet-connected

. T,

—O—P®
/[‘ N
Cam

Figure 1 Industry 4.0 architecture

Figure 1 describes about tivide range of applications hierarchies, with value chains, and with proddetdiycles
comprised Industry 4.0 are exemplified by Emerginin fully realized Industry 4.0 environments.
Technologies. The technological world of Industr9 &
not one of solitary assembly lines or factoriesl.4 Network connectivity in Industry 4.0
Technologies interact with one another, with praiduc Globally interconnected machinery, industrial

products, internet-connected gadgets, virtual
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representations of these things, and people are all
connected by data transmitted over digital netwoAs
important aspect of Industry 4.0 systems is howouar
degrees of human participation interact with nek&dr
machines. This ubiquitous connectivity has conseces

for design and operations for Industry 4.0 manuwfidcty

and systems engineers. Interoperability and coivityct
are linked; shared communication protocols areamby
becoming the standard. They are increasingly being
included in the design of the production processhet-
physical systems the technologies that allow foe th
operation of smart factories are made possible by

traditional hierarchy. Data flow between production
systems is supported and connected by networksasset
and procedures at this level. Industrial
communications networks transfer data from one
level of the hierarchy to the next, connecting all
vertically integrated levels.

We are conversant with topics like the product life
cycle, manufacturing procedures, and production
hierarchy. Early on in the development of Industry
4.0, the challenge was figuring out how to combine
these ideas in a way that was simple to use and
comprehend.

connectivity. Intelligent production objects arakiéd to
embedded physical devices that have the abilitgtdoe
and process data through cyber-physical systems.

1.5 Data integration in Industry 4.0 — overview
Throughout the product life cycle and at variouels
of the production hierarchy, integration deals wiite data
flow between linked equipment and devices.
The term "horizontal integration" describes th&dige
and data transfer between IT systems for all prisoluand

2 Literature review

Literature information focused on various reviewd an
critics on Industry 4.0 challenges and Impact gspnt and
future.

V. Alcacer et al [1], the digital age is usheredbin
Industry  4.0. Business models, surroundings,
manufacturing systems, equipment, operators, gaousk,
services are all digital. Everything is linked ttggr within
the virtual scene and its matching virtual représtéon.

business planning procedures linked to manufa@urinContinuous mapping of the physical fluxes will taiace

Thus, digitizing supply chains and value chaina agole
is the goal of horizontal integration. End-to-emdibontal
integration connects IT systems, information flovegg
data, analytics, and IoT devices from supplientstamer.
In conventional manufacturing thought, the steps thke
place after components enter the factory floor befdre
they exit as a finished product were all considdmethe
part of the production process.

on digital platforms. At an advanced stage of auatioon,
numerous systems and software are facilitatingofgct
communications with the newest developments in
information and communication technologies, creatn
state-of-the-art factory both inside and outside plant,
and completing every link in the value chain inltgae.

All things are intelligent. The paradigm shift tawla smart
manufacturing will be made possible by this disnept

A broader viewpoint is necessary for Industry 4.@ffect on manufacturing enterprises. The demise of

concepts. Currently, the life cycle of a produetrtst with
the first concepts for its development and goeibotally

traditional centralized applications is coming with

Industry 4.0.

through the stages of research, development, and Jestis Hamilton Ortiz et al. [2], the concept oiistries

manufacturing, ending with sales and potential ckiog or
disposal. The term "vertical integration" descriltee

4.0, one of the major shifts that will define ouaynof life,
is the main topic of this article. We want to talkout the

connection of IT systems to equipment and machinefdindamentals, process automation and enhancerhemts,

operating at various stages of the production hibga
These hierarchical tiers, to use conventional laggu
consist of:

» Field level: sensors translate ambient data ingfoads

to turn SMEs into Industry 4.0 companies, somenimnl

and educational considerations, investment pay e,
so on. Although there is much to say about thigesmjpour
goal is to present both the industry's currenestéaffairs

for analysis, and actuators translate signals intgnd its anticipated future developments for Ingugto.

actions.

This chapter also outlines the transition from btdy 4.0

* At the control level, actuators are driven byto Society 5.0, which in turn contains an upcomiagsion

controllers that collect process data from sensors.

of Industry 5.0 that is anticipated to launch ir2@0

e Production process level: wherein automated systems Yongxin Liao et al. [3], the fourth industrial rdution
keep an eye on, manage, and modify particuldras garnered increasing global interest over tis¢ feav

operations inside production processes.

years. The state of the art for this next indulsteolution

« The operations level is where things like qualityvave is still not thoroughly reviewed in the literee as it

control and production scheduling are done.

is now. By examining the scholarly advancements in

«  Production planning and market analysis are madedustry 4.0, this study seeks to close this gaparalyze
possible by the enterprise planning level, whiclthe scholarly articles on Industry 4.0 that werélished

oversees the entire production system.

online through the end of June 2016, a thorougbsassent

« The connected global level is where productioff the literature was conducted. ' _
facilites are no longer isolated, expanding the Shashank Kumar et al. [4], this paper's goal is to

examine the body of material already written about
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Industry 4.0 and look for new developments in figkl. "-  Consequently, the focus was on the digitizatiowels as
Using the inclusion and exclusion approach, researthe digitization of systems, leaving opportunityr fo
papers are chosen for the literature review. Intiaxigl the additional development. But rather than being fedus
literature is separated into three sections acagrth the toward humans, the contemporary technological dgrasvt
study field and framework. The report focuses oapédly  primarily oriented toward systems and machines.
expanding topic of study. In addition, the sevémdustry Consequently, a number of nations have started
4.0 frameworks from the manufacturing, ergonomicgoordinating efforts aimed at designing and devielpthe
production, and environment domains are recognteed human-centered component of systems, services, and
organize the upcoming studies. technologies—a concept known as Industry 5.0. Inspac

Dan Li et al. [5], as the industrial sector growsren from Industry 5.0 will also be felt throughout setyi,
complicated in the context of Industry 4.0, mosily a which will ultimately result in the creation of Sety 5.0,
result of shifting consumer demands, humans becoraenew society. The advances will center on thestaod
increasingly important. SMEs can gain a competiéglge technologies presented within the Industry 4.0 &aork,
by effectively handling the difficulties posed byoging with a particular emphasis on their social and huma
complexity. centric aspects.

Enabling technologies that facilitate the burgegnin  Wichmann et al [8], given the 2icentury's digital
phenomena of Industry 4.0 may streamline knowledge firms' explosive growth, industrial manufacturing i
information exchange among employees, particuliaty predicted to be nearing the advent of Industry th®term
Operator 4.0. Few SMEs, nevertheless, have realyl u for the fourth industrial revolution. Combining tdeital
these technologies for this reason. Thus, by dnglithe and physical factories into one is the key techgylihat
stages of Industry 4.0 development of SMEs in teofns will propel this development. Experts in the fiedahd
their capabilities, this study seeks to increasbusiness agree that there will be a fundamentaldigm
understanding of the existing status and obsttlsidsieed change in the way products are created and produced
to be overcome as well as to offer some views oardu There is no consensus on how specific organizatitmg
prospects. This qualitative research of interviédwezises make use of these developments, despite widespread
on the ways that office and assembly work are todayonviction that the future factory will have unpéeted
supported by human-centered manufacturing procelssesability to meet complicated client demands.
the course of studying two Swedish SMEs, in-person Marina Crnjac Zizic et al. [9], economic developrnen
interviews with nearly every member of the manag&meis significantly influenced by the industry. Buktlhdvent
team and operators were conducted to get theifagon  of new technology and the growing intricacy of geaehd
the companies' present capacities. manufacturing processes have a direct impact okexsr

Moustafa Elnad et al. [6], one of the most discdss®l and industrial businesses. The technocratic otientaf
popular subjects in the last few years is the aldadustry  the Industry 4.0 paradigm and its emphasis onizégion
4.0. Over time, it has drawn interest from acadsmicwere highlighted by its detractors. Consequenthe t
professionals, and decision-makers all around tbddw emergence of the new industrial paradigm, known as
To accurately reflect the current status of thisvnelndustry 5.0, quickly set off a discussion on thepwse
paradigm, a more thorough evaluation of the studiéise and justification for implementing the new paradigrhe
literature is nonetheless required. In order tgelhis gap, focus on the worker, who plays a crucial part ie th
a thorough analysis of prior research on Indust®ywill  production process and whose function was highdigiht
be conducted in order to determine its managerialuring the COVID-19 outbreak, is what Industry Brihgs
organizational, and technology enablers as welitas to the table to complement the current Industry 4.0
implementation benefits and obstacles. The studigaed paradigm.
that industry 4.0 is still an immature topic anglgpmg this Yang lu [10], Industry 4.0, often known as the tbur
new paradigm is not a matter of technology alonéndustrial revolution, was first introduced in Gemy and
Organizational and managerial aspects should leaiako  has garnered a lot of interest in recent literatiifeas close
consideration. A systematic literature review wasies to information and communications technold@f,
conducted, in which 244 peer-reviewed journal papeenterprise architecture (EA), enterprise integrati&l),
were analyzed in the Scopus database until thefeMdy cyber physical systems (CPS), and the Internethoigs
2022. Conference papers, book chapters, and jourrfldT). Nevertheless, despite the dynamic natutaddstry
papers not written in English were excluded frors th 4.0 research, there hasn't been a comprehensive and
study. methodical overview of recent studies on the topis.a

Dimitris Mourtzis et al. [7], by boosting operatadn result, by looking through the body of literaturedvery
efficiency and creating and implementing new sasjc Web of Science database, this paper undertakesautih
products, and business models, Industry 4.0 changedalysis of Industry 4.0 and provides an overvidvito
manufacturing and production systems. Improving thiindings, content, and scope. A total of 88 IndusgtrO-
sustainability and effectiveness of manufacturipgtems related articles are reviewed and categorizedivecstudy
was the specific benchmark for Industry 4.0areas.
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Hamed Nayernia et al. [11], Industry 4.0 (14.0)ais
rapidly developing topic of study that combinesextige
from several academic disciplines to produce intioga
manufacturing solutions. The organizational aspafct

Ercan Oztemel et al. [15], economic and societal
advancement are significantly impacted by the
manufacturing sector. Since "industry 4.0" is nowidely
recognized name for research institutes and urifiess

implementing 14.0 has received relatively littleudy the business and research communities have takeera
attention, despite the rising body of published kvorinterestin the project. While the concept is rewand has
spanning a wide range of 14.0 subjects. This syatiem been discussed in academic research for many wétérs
review study employed quantitative analysis usieg-t varying perspectives, the name "Industry 4.0" leasmtly
mining 97 publications from 2015 to 2021 in ordeclose been introduced and is somewhat accepted in both
this gap. Eleven research streams were found by theademic circles and the industrial society. Ireotd raise
investigation and categorized into five levels:@yghain, awareness of the greatest experiences, this rprvides
data, smart factories, industry and company, amdamu a review that highlights the progress. Its purpsde offer
resources. a clear concept to anyone who want to create awapdor
Amr Adel [12], the industry has been using indugty  digitizing the corresponding production suits. Flepose
for the past ten years to address its inadequanis; of offering this evaluation is to give academicsd an
industry 5.0 is finally ready. Industry 4.0 hastrieions industry practitioners access to a practical resowon
because smart factories are raising corporate ptiody. Industry 4.0. To make sure that the evaluation guiace
The industry 5.0 opportunities, constraints, amuspects was reliable, the top 100 headings, abstracts, kayd
for future research are all covered in this repdfith its phrases (that is, 619 publications overall, regessllof
reduced focus on technology and assumption thashum type) for each search keyword were examined segbprat
machine cooperation is the foundation for success, The literature review revealed that while industr9
Industry 5.0 is bringing about a paradigm shift angrinciples have the potential to progress manufagiu
resolution. Personalized products are helpingritiastrial they also appear to be a barrier for shop floosqamel.
revolution increase customer happiness. Information from literature addresses the histdyica
Fengwei Yang et al. [13], the ideas of Industrywdde contemporary, and prospective conditions of indaistr
first introduced in 2011, and since then, the retioh has businesses.
developed and moved beyond abstract ideas to gahcti

implementations. Its application is widespread bad a 3  Case study of Industry 4.0

wide range of effects on almost everyone. On eonatli
and worldwide level, modifications are beginningstmw

while we adjust to new developments. It's becoming
obvious that more than simply fresh ideas are atkwo
markets, governmental regulations, and technolbgic

developments are all interwoven like never befétere,
we provide a general explanation of Industry 4.0cepts

along with an explanation of some new terminology a

problems related to completeness and clarity.

Michael Sony [14], academicians and practitioner

worldwide are currently discussing Industry 4.0c&ase
they will enable organizations to make informedisieas
about the implementation of Industry 4.0, the biaaind
drawbacks of this technology are enormous. Theemad

literature that compiles and evaluates Industry's4.

benefits and drawbacks is scarce, despite thétfatthere
are several research on the topic. This paperkigada
examine, from an academic standpoint, the benefits
drawbacks of implementing Industry 4.0 in organoa.
The early research on Industry 4.0 are the sulgéet
thorough and systematic review of the literature. tGe
remaining sixty-four articles in the sample, dgsive,
category, keyword, and thematic analyses are peedr
This report explains the future research areadiadsinine
benefits and seven drawbacks of applying Industyid
enterprises.

implementation and its challenges —

overview
In this section brief case study is carried ownalyze
the significant importance of Industry 4.0 challesgn
workplace. The analysis is carried out by survepnéjue
through google forms. While constructing the surttasy
following questionnaire were listed here below:

Q1. Do you agree that the concept Industry 4.0 has
more awareness towards staffs and expert members in
organization?

Q2. How far Educational Institutions in India pay
willingness in realizing Industry 4.0 concept in r€o
curriculum?

o Q3. How do you rate and access the Internet speed f

Industry 4.0 in Indian Educational Institutes?

Q4. Whether funded projects related to Industryig.0
Important?

Q5. Do you think multidisciplinary team is Importan

Q6. Do you agree the scope for increase in market
growth if Industry 4.0 implemented in Indian orgeation?

Totally 16 responses collected from various members
in different organizations like Industries, Eduoatl
Institutes etc.

The sample survey form is illustrated in table &, a
listed below.
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Table 1 Sample survey form
B C D E F G H | J -

1 lNEI’T\E of the Employee Name of the Organization email ID of employee Designatit Departme Q1. Do yoi Q2. How f Q3. How ¢ Q4. Wheti d

2 |Kishore Goud B cTs KishoreGoud.B@cognizant.com Manager Insurance Yes | someYes | someBetter  strongly a g

3 |Bharathan Dhaanish Ahmed college of Engineering baskarbharathl0@gmail.com Assistant |Mechanici Not agree Neutral  poor strongly a's

4 |Dr.C.Subramanian Christ College of Engineering and Technology csmanianmec@gmail.com Professor Mechanici Yes | some Neutral  Neutral strongly a g

5 |Thamizhmaran.k Christ college of engineering and technology CcCT274 Senior ass Mechanici Yes | some Yes | some poor agree E

6 |MDBAHAUDDIN ISL ENGINEERING COLLEGE HYDERABAD 132 Assistant | MECHANI strongly a strongly a strong strongly a s

7 |Kannan GK Chennai Institute of Technology kannangk@citchennai.net Assistant | Mechanicistrongly a Yes | some Better  stronglya s

& |RosiH Manakula Vinayagar Institute of Technology rosi.mphil@gmail.com Assistant | Chemistry strongly a strongly a strong  stronglya s

9 |Senthlmurugan Yamaha Senthilmurugan2001@yahoo.co.in Incharge vVehicle asNeutral Neutral Neutral Neutral a

10 |P T RAJEENA MOL Nehru College of Engineering and Research Centre e 3439 Assistant | EEE Not agree Neutral Better  agree E

11 |CV gowri Sankar NIQR cvgsankar@gmail.com ECM EC strongly a Neutral Neutral strongly a s

12 |Karthigayan K Safe Infratech 879 Manager Maintena Neutral YeslsomeNeutral agree 5|

13 |Guru Prasath Ceet velayuthamb65@gmail.com B.tech  MechaniciNeutral Neutral Neutral Neutral N

14 |Naresh Tech Mahindra Senior AssTechnical Neutral  Yes|someNeutral stronglya s

15 |Capt. I.V.5. Rama Krishna AMET City College captainindraganti@gmail.com Principal Mautical Neutral Notagree poor Neutral 5

16 |K. Palani Ashok Leyland kpalani76india@gmail.com Senior MaSafety  strongly a strongly a Better  agree 5|

17 |Padmanabhan Panchu K Anna University 66809 Associate Industrial Yes | somestrongly a Better  strongly a g

18

19

20

21

22

23

24

25

26

27 -

Table 1 indicates the basic information about theritical factors influences the success of IndugtO.
respondents and sharing of opinion given by theEence it is recommended to improve the infrastmectund
respondents are clearly indicated in the form asveh other facilities like training, team projects etc.
in table 1. Management must take enough care to adopt the
employees to accept the change by improving théodet
3.1 Observations from respondents of work, culture etc.

In the survey analysis there are totally 6 question
constructed. All questions are analyzed basedhen t4.1 Future scope
inferences from various respondents. Industry 4.0 enhances the method of work apart from
Q1. It is observed that 31.3% of the employeesmgiveconventional work. It increases the productivityotiigh
their opinion regarding the awareness of Industfyid smart automation method. At the outset the modern
workplace. Today Majority of the Organizations rgoize  technology helps to keep the human stay strong and
the need of Industry 4.0. updated with all knowledge in recent trends of ragring
Q2. Only 31.3% of the respondents have positivelgnd technology.
replied on Industry 4.0 concepts in the introductimf

education Curriculum. References

Q3. Just 12.5% of the employees given their pasitiy1] ALCACER, V., CRUZ-MACHADO, V.: Scanning the
opinion on network speed and access to Industry 4.0 Industry 4.0: A Literature Review on Technologies f

Q4. 56.3% of the respondents given the reply tosard Manufacturing SystemsEngineering Science and
the financial support for carrying out projectslodustry Technology, an International Journal, Vol. 22, No. 3,
4.0 related work. pp. 899-199, 2019.

Q5.56.3% of the employees accepted that cross https://doi.org/10.1016/j.jestch.2019.01.006
functional team is necessary to work in Industfy 4. [2] ORTIZ, J.H.:Industry 4.0: Current Status and Future

Q6. Only 50% of the employees shared their positive  Trends, Intech open science, IntechOpen, Rijeka, 2020.
feelings towards market growth potential of IndygtO In https://doi.org/10.5772/intechopen.90396

Indian Organization. [3] LIAO, Y., DESCHAMPS, F., DE FREITAS ROCHA
LOURES, E., RAMOS, L.F.P.: Past, present and future
4 Conclusion and future scope of Industry 4.0 - a systematic literature reviewdan
In this research work attempt has been made tonnef research agenda proposalnternational Journal
detailed review and sensitivity study on Industr§ with of Production Research, Vol. 55, No. 12, pp. 3609-

respect to Indian working climate. Case study was 3629, 2017.

illustrated to analyze the potential challenges$naistry http://dx.doi.org/10.1080/00207543.2017.1308576
4.0 in workplace organization through survey method4] KUMAR, S., NARKHEDEKARUNA, B.E., JAIN, K.:
Nearly 16 responses recorded in the survey forrse@8an Industry 4.0: Literature Review and Future Research
the survey form data it is reported that most efctitical Directions, Rotre of Industrial Engineering in Industry
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