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Most models classify competences 4.0 into 3 main categories: digital, social/lemotional, and cognitive. However, analysis
shows competences 4.0 are studied from isolated perspectives by different disciplines. There is no unified,
comprehensive model. The researchers propose a more detailed model with 5 categories: psychosocial, metacognitive,
linguistic, technical, and digital competences. Psychosocial competences include teamwork, leadership, flexibility,
communication skills. Metacognitive competences involve learning ability, problem-solving, creativity, self-reflection.
Linguistic competences relate to communication, foreign languages, interpretation, social skills. Technical competences
cover specialized knowledge, data analysis, technology use. Digital competences involve information literacy, media skills,
programming, cybersecurity. The model aims to be interdisciplinary and capture the complexity of competences needed
for Industry 4.0.
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| 1. Introduction

Industry 4.0 has been a leading force framing the societal, economic, and technological environment since 2010. Several
other commonly known terms may point to the same phenomenon, such as the Industrial Internet, the Internet of Things
(also the Internet of Everything), or the Big Shift 1. With the application of modern technologies and transformation of
processes, significant changes are expected as related work continues. At the same time, future production systems
would also require new employee competences 4. A multistage analysis often precedes decisions made by enterprises to
implement Industry 4.0 (I 4.0) solutions or technologies. Determinants that influence the willingness to implement | 4.0
have been presented by Michna and Kmieciak . The research results on small- and medium-sized Polish companies
prove that open-mindedness, culture, and knowledge of organizational financial performance animations positively impact
the willingness to implement | 4.0 solutions. Others, such as Horvath and Szabé [, divide factors into specific categories:
(a) areas of human resources such as increasing labor shortages, reducing human work, and allocating workforce to other
areas; (b) financial resources and profitability mainly in the case of cost reduction; (c) managerial factors such as market
competition and trends, increasing pressure and customer requirements, and new business model innovation together
with demands for greater control and the need for continuous monitoring of company performance; (d) productivity and
technological and process integration and cooperation. Based on the work of Stentoft et al. &, enterprises decide to
implement | 4.0 due to the following: legislation and standards changes; the organization’s strategy requires cost
reduction; customer requirement changes; time-to-market improvements; the fact that competitors practice | 4.0; but also
due to a lack of qualified employees. During the implementation of Industry 4.0, the willingness or drivers of the mentioned
“Big Shift” must be investigated. This should be balanced by barriers that block or inhibit organizations from making new
steps in the fourth industrial revolution era. In the literature, Moeuf et al. & and Miiller [¥ have identified several human
factors that can affect the successful implementation of a project. These factors include employee acceptance, lack of
competences and know-how, lack of cooperation among departments, lack of top management support, and unclear
employee benefits. Human competences are viewed as both a driving force of change and a potential barrier, as noted by
Michna and Kruszewska (2.

However, it must be mentioned at this stage that, in general, scientific discussions on competences 4.0 are rare compared
to discussions on Industry 4.0 itself. Consequently, this research aims to map the discussions on competences 4.0 from
guantitative and qualitative points of view. The former is based on a review of the citation database (the Scopus database
was chosen because of its more comprehensive coverage of journals and publications), and the latter concentrates on a
literature review. This should lead to answering the most relevant question, i.e., if there is currently a unique and
comprehensive model of competences 4.0. It has been slightly over ten years since the introduction of the term Industry
4.0, and an analysis of Scopus-indexed publications shows that competences 4.0 stemming from this term is still not a



thoroughly examined phenomenon with a prominent research gap that needs to be filled. From a quantitative point of
view, it can even be claimed that these discussions are scarce (Table 1).

Table 1. Distribution of the discussions on competences 4.0 (regardless of spelling) by publication type.

Query | Article Book Chapter g;s:::rence Review Total
“Competences 4.0” 4 0 4 (1] 8
“Competences 4.0” 9 0 1 0 10
“4,0 Competences” 7 1 12 0 20
“4,0 Competences” 14 1 6 1 22

As can be seen from the table, not only are the numbers symbolic, but differences in spelling can also be observed,
suggesting that there is no single adopted approach to the discussion. Further analysis of how the discussions on
competences 4.0 are distributed among scientific disciplines sheds light and explains that the phenomenon still needs to
be represented in scientific discussions.

It is interesting to note that discussions on competences 4.0, regardless of the spelling, are substantially more common
within the technical sector than within business and management (Table 2). However, this is partially compensated for by
the appearance of discussions on competences 4.0 within social sciences and psychology that contribute to scientific
discussions within business and management fields. Inequalities in discussions on competences 4.0 can also be seen in
the geographical distribution of these discussions.

Table 2. Distribution of the discussions on competences 4.0 (regardless of spelling) by scientific field.

Business,

Computer Social Management, Decision Economics, Environmental
Query Il . p . Engineering 9 ! . Medicine Econometrics Psychology . Mathematics
Science Sciences and Sciences " Science
) and Finance
Accounting
Competences 4 0 0 2 0 0 2 2 0 0
4.0”
Competences 0 3 0 3 2 3 0 0 2 0
4.0”
40 12 6 10 3 2 0 0 0 0 0
Competences
4.0 . 9 12 11 5 0 0 0 0 0 2
Competences
Total 25 21 21 13 4 3 2 2 2 2

It is unsurprising that scientific discussions on competences 4.0 are most often carried out in Germany, where the term
Industry 4.0 originates, and generally across Europe. However, these discussions have also extended to the US and Asia
(as shown in Table 3).

Table 3. Geographic distribution of the discussions on competences 4.0 (regardless of spelling).

Russian  South

Query Il Germany Poland Spain USA Indonesia Italy Malaysia Fed. Africa Ukraine  Unidentified
Competences 0 5 1 0 0 0 0 0 0 1 1
4.0”
Competences 0 1 0 3 4 1 1 0 0 0 0
4.0”
4.0 " 8 0 2 2 0 2 0 3 0 0 0
Competences
4.0 " 3 1 3 0 0 0 2 0 3 0 0
Competences

Total 11 7 6 5 4 3 3 3 3 1 1



| 2. Towards Competences 4.0

Refexeneeublications describe the competences and qualifications of employees as the following: enabler &, driving
forces B8 opportunity M. benefits L9, potentials €, and chance 14, but also cha_llen'g_;e (211131 parriers 4!, inhibitors 4],
1. Vuksap__g]wc Herceq, I.; Kué, V.; Mijudkovié, V.M.; Herceg, T. Challenges and Drlvmg orces for Industry 4.0 .
obstacle %2/ roadblock, or concern for Indust%4.d . Different views and different perspectives enable one to investigate
Implementation. Sustainability 2020, 12, 4208. L . o
competences across multiple axes. The meanings of the statements above, based on definitions by Cambridge Dictionary,

& iedhtdy iPTabte B.Z- Driving Forces and Barriers of Industry 4.0: Do Multinational and Small and Medium-Sized
Companies Have Equal Opportunities? Technol. Forecast. Soc. Chang. 2019, 146, 119-132.

3. Michna, A.; Kmieciak, R. Open-Mindedned@@I6 itk ¥ 58S RS8R SFinancial Performance, and Industry 4.0 in

SMEs. Sustainability 2020, 12, 9041.

Statement Impact Description ) ) )
4. Stentoft, J.; Adsbgll Wickstram, K.; Philipsen, K.; Haug, A. Drivers and Barriers for Industry 4.0 Readiness and

Prawilder Empirical Evidence frerscBmed triddvikatinmaksz ednétirinfpptsside Prod. Plan. Control 2021, 32, 811-828.

5. dpprutudityLamouri, S.; Pell@idasiilitiaotaping saldethihg Tobon-Valencia, E.; Eburdy, R. Identification of Critical
Success Factors, Risks and Opportunities of Industry 4.0 in SMEs. Int. J. Prod. Res. 2020, 58, 1384—-1400.

benefits positive something that helps or gives an advantage
6. Muller, J.M. Assessing the Barriers to Industry 4.0 Implementation from a Workers’ Perspective. IFAC-Pap. 2019, 52,
ZEgEf—nélﬂM may become one in the future, although they are not one now

7. MBMIPEA ; Kruszewska, J. BYRACS it hatsAmething wilhARRS ces in Implementation of Industry 4.0: Literature

Rayigerin Proceedings of the Aty aaairRWR sEsE IR dalgWMAASR WA dsRciation (IBIMA), Cordoba,
Spain, 1-2 April 2021.
inhibit to make it more difficult for someone to do something
8. Mogos, M.F.; Eleftheriadis, R.J.; Myklebust, O. Enablers and Inhibitors of Industry 4.0: Results from a Survey of

IrRRESAFAE Companies in Norffayethiedhnt sikipdening RIegEsse @osyiccess

negative
9. Taaekiosk.C.; Oncioiu, |.; Astemething; triris [Hagad lbsyounwaydecitap. Recnlp teiseigneed. Drivers and Barriers in Using

Ing%sctgrﬁ -0- A Perspective %fosm'\éltﬁlsnbnsl:izgom f%ral\ll?t' opl'r%:ggcstﬁl %9 %g’igdi%ﬁﬁjal and affects them in some way

10. KciEL{uD'; Mdiller, J.M.; Arnold, C.; Voigt, K.-I, Sustainable Industrial Value Creation; Benefits and Challenges of Industry

en%e something that is difficult and tests individual ability or determination
4.0. Int. J. Innov. Mgt. 2017, 21, 1740015.

1&oMpbte fteBasRND 15id! H5SkitRelP RFTEA & d &dlifBh<S réiaWil! frbRRes e RHIPIERANRARSTS aklisdh iR distve

litefaf FERREVCTEAR RQUARIRE AR s WA BTEPS e YR A2 Obdn s 393teht3P: or chance. The negative impact of

1eomusiem e . pKiathe. hvoign Kadtonghist Sieitess ihéhenfiteratumatienaf inbilstoy, 4003tahke Reldefrigppbrisimfies avaded as a

challealipn ghifi doithen @ destx idet Susitzatiabiliy. tBastanabilind 26848 410 jiAglementation.

13. Bauer, W.; Hammerle, M.: Schlund, S.; Vocke, C. Transforming to a Hyper-Connected Society and Economy—Towards
.0 Pgad In ro % cy

For example! “Industry 4 rivers are emplayees highly trained and skil botics, nanotechnologies, microbiology or
an “Ind%str 4.0". P¥ocedqa Manuf. 201@, 3y 417—4(‘]24¥ 9 24

astronautics that communicate with robots and are supported by web technologies and intelligent support systems in their
1ay/edigial Metltige £ 1M Wi Me Mg florh 4REERAS Leamard Benomsivstry A& INRlMssialiamiENReARERBEd human
Iea%b‘@ﬁﬁ‘%@%ﬂ%@"e‘?ﬂ%‘@y%' F‘Fﬁ&ﬁmlo!\(‘ﬂ]‘.ﬁ%é%ﬁpé&uﬁﬁi 591?1%& Industry 4.0 gives humans, based on 12, are
1skadileith. vedecinga nnatorus. Warke Rate sAmBsetitioessCiagizitedntentevatiohetientegPin the fdoyingt Iatoyee
qudlifidatisime ss\&adeéptArCompastiyridsatweecSME: aiad dackrgé Emertisisel Eomsharatiipr 02 GRjniBeadBehalkhges and
190HA6IeS: M5t 'Sl ROMIRGEACSFCYELR ERIFPSHie L I RIS Rt R iR REPIRALRN Y RSO BRSPS

abi&g\xoz@le}p@%.ti_gl solutions, understanding of network technologies, as well as data analysis and processing 12,

14 156R of quiARIcANdRRIFs RaSbekn el 1dangiRlad0erstig b rfePeenAEasBRRe AP TP as itokear Hnddoniigitional
bafridie G e Erduglion rBaereeia GIRA e PeritnistdBeontinuing education of employees. Vuksanovié Herceg et al. L,

1isasestrawkSHMERE mentizred tiee; coonpateninistl Asregersfantiemaloyessansbivrinsggistancem Industry 4.0.

Procedia CIRP 2016, 54, 1-6.
A new limiting factor in the development of Industry 4.0, based on ¥ is population demography. Due to a negative natural
19. Vrchota, J.; Mraflkové, I(\{I Relhof, P.; Rolg"nek, L[ 'l'(ou?ek, R. Human Re ou¥ es R a&jlnes}? for Industry 4.0. J, Ogeg
increase In population ahd problems related to a Tack of resources and lack of knowledge, the number of experienced and
Innov. Technol. Mark. Complex. 2020, 6, 3. ) ]
competent employees will increase. The author also mentioned a lack of knowledge as another barrier to Industry 4.0. He

28 aHladrsnsiack si¥inaleRvissic K pnaatanei MG Rom R evpaci RIZRmusious 493 Avalablgiamsts, are some of

theWRSt4BRe tBrarIRURRsKLRIZGEIBHrHERPEFRIGaXlIgKcE fompetencji-wymaga-rewolucja-przemyslowa-4-0 (accessed
on 28 June 2023).

o8R8, BBk B B4 ELISRACEMS NS, RBALS SRR EndildetargERidngiAie FRINRRIFAT B2 Rl R g00Ployee
resiRfR apMRknang MRiuPEsiRRe RussRrses RIEREASaHTeMaRayt adask of rayaurpes and qualified personnel (2, In

the research by Mogos et al. 8], a significant barrier is the competency of personnel and a lack of a good understanding of
22. Bawan}/,, S. Future of Leadership in the Fourth Industrjal Reyolution. Available online:

|m%leme ing.1 4,0. Accordin t? the r?se rchhr_esults of,thde indicated :r\uthor, smoother dlgltallzatlon could be enhanced by
_ https://strategicleaders.com/future-leadership-fourth-industrial-revolution/ (accessed on 27 June 2023).

improving competences such as the use and understanding of sensor technologies, the use of Big Data, general IT

L Ellisae, ey bes Yrwestifistityriean Expertise in Additive Manufacturing Digitalization. In Proceedings of the 20th
Annual International RAPDASA Conference; Rapid Product Development Association of South Africa, Bloemfontein,



Cobpeite Afrcas-hblove miikr 263 &ivep ot G3p<iifde impact) represent one of the axes in the research regarding human

PRSRUFSBR BIRAYSHHE Ro R AT RISURAHE TR I8 HBIRH TR LRV RROSV A ANIRAGEAL COTMPRAREY. 3NgHgeir
diVﬁ?Eﬂiin%%?i@,an(ﬂ-ws- In studies on the subject, the following groups are pointed to:

2RcWtefty %?étﬂcgti%‘f‘.’&: heQmReINRISfRYSLIOPCH el BFeialiryyRe MRS REYEY FiBYRISaNS Y arsibmR3:
DELab UW: Varsaw, Poland, 2019.

26. BRISONA FP RIS A AR A PR WRIGTEIRRI 25 N BRI O @ OBFE iR AR BT RRIHENERL AEATIRRHLY the
ahilifietoilepHNIENRIPREPIREVG RRMtBRt Cross-Border Research Project in Poland and Slovakia). Sustainability 2019,

11, 4988.
« Social/interpersonal competences—the ability to communicate, cooperate, as well as establish social connections and

27. @Bg{a}g%ﬁﬂdg&qﬂgi\%dijg@céandlﬁ)%igz, Z. Influence of Leadership Style on Employees’ Innovative Activity. Pol.
J. Manag. Stud. 2019, 20, 478—496. '
28. Bohprgated Lameetenses, seferdaIshe ADIBYSKIRNAFENLID AMEON iyl QUSRGHHA MR UCIAsdeAsK Sl Wiobal

Institute: Hong Kong, China, 2018.
« Domain-related competences refer to the ability to access and use domain knowledge for a job or a specific task.
29. Korzeniowski, L.F. Podstawy Zarzgdzania Organizacjami; Wydanie 2.; Difin: Warszawa, Poland, 2019; ISBN 978-83-

ThB%#& Functional areas of human resource development mentioned by Hecklau et al. I8 are as follows:

A MpsiNrsiskadsiinechas nersanal WevrlrpmeBusHiahoratasts-gefinethanshy deyalgermtanemicroemimtersaand

the role of processes in organizational development. Based on the identified challenges, rouBed according to PESTEL
31. Vieira, A.; Dias, L.; Santos, M.; Pereira, G.; Oliveira, J. Setting an Industry 4.0 Research and Development/Agenda for

anQyradtbe_AISEIARGE RUSER M8 O RS S5 67 097519550 politcal, - econommic, - social, technological,
environmental, and legal factors.
32. Imran, F.; Kantola, J. Review of Industry 4.0 in the Light of Sociotechnical System Theory and Competence-Based

Th¥igvsdbIFstRURe saApbydacBemirtdhe & propdserr aRcrin Gepesedindd okike AlvaneesiasiumarfiFsAGRIS, contains
grcﬁb%@ﬁﬁé@ﬂﬁﬂ%@%ﬁ@’ﬁe@%rﬁ%%bé@ﬂ%@; Whildadr othePaidhe dnsizls o RENEISE TR 'ﬂ#@%ng\‘:ﬁhﬁhﬁf@ds:
“meWiReVands 281 R 82HE8- can have”. Another model, indicated by Sledziewska and Wioch 2%, considers the
wlipwingne, M.; Fantini, P.; Perini, S.; Garavaglia, S.; Taisch, M.; Miragliotta, G. Jobs and Skills in Industry 4.0: An
Exploratory Research. In Proceedings of the Advances in Production Management Systems. The Path to Intelligent,
* EonaBbrRRRMARISNGSR Pt SFRAAMDHARYICBHERTS ORINGiEAMING. CORBHEN PO ONCEERINBInKAY, Idhes i erRbility
deerAhideniaiinatRlity @sesspgie0iam, Switzerland, 2017; pp. 282-288.

3% BRI Borhpelifes SRIUAMMUS 0N e AR o tkiRS A P LS OB S MRS e MIURLY 4L 2 ahiP-ehidtional
35. Itelligelree S. Etappe 3: Kompetenzmanagement. In Strategische Personalentwicklung: Ein Programm in acht
Etappen; Meifert, M.T., Ed.; Springer: Berlin/Heidelberg, Germany, 2013; pp. 145-178. ISBN 978-3-658-01549-7.

o Dijgital and technological c tences, not limited to, programming or data analysis but also considering knowledge
36. C|gvert, M. Industry 2.0 Impcflr(r:]gt?ons for ther E ucatlopn I s%tugpong. (Foreworg); {Jn?versn?es of %e Futurg: g

Il | 4, hnol he | f Thi | reali ificial
s%%lge%%%hs’eggﬂttx,ﬂriCc&i)’rsofg.ustry 0 technologies, the Internet o ings, augmented and virtual reality, artificia

intelligence, etc.
37. Geryk, M. Challenges Posed for Universities by the Industry 4.0 Environment. In The Future of Management Industry

.0 and Digitalization; Jagiellgniag Pniversity Press Krakow, Poland, 2021; pp. 141-148.
| $°@MPeteREST AV MOYETE TR Approadhes
38. Poszytek, P. The Landscape of Scientific Discussions on the Competences 4.0 Concept in the Context of the 4th
Whatlissthial FeuprefensiveBnmidenetficarenasen @sstathabiin? 20000rd8) 6 rogarious researchers ZLI22I[231[241[25]261127] thig

3@0§%C'E9Fn ggh“g}’e?aé?g)ggcg%rtu {gse 0 r§8§%émaet5‘|‘é°n(h%%8f£%{ﬁhng in Industry 4.0. Procedia CIRP 2016, 40, 536-541.

4Q. Biifial- comiggenkesKienaaeetet. wiitcnias, dsé Gomasiaorylyagel diffeladussied. GfEavayeemdnt Pasiegdingsoive
Hreiepseedinaralasd dflnigitantsvislethdagigdd s eiaitsipfrmegtin Sbybahsss ijtrsslrrd, 12-15 February 2017;
pp. 46-60.
« Social and emotional competences—connected with interaction with others and coping with one’s own emotions, as

well as the ability to cooperate in a group and demonstrate leadership and entrepreneurship;
Retrieved from https://encyclopedia.pub/entry/history/show/108837

« Cognitive competences—connected with ways of thinking, including processing and verifying information, creativity,
critical thinking, and the ability to learn and reflect.

This approach is in line with the empirical research and findings of the McKinsey Global Institute 28], which shows that the
need for the competences mentioned above in the context of the fourth industrial revolution is increasing concerning the
labor market demands. However, this model is derived from an existing classical model of managerial competences,
including technical, social, and cognitive competences 2. However, there are more terminology overlaps here, for
example, about future competences. The shift towards competences 4.0 is formulated by various researchers who claim
that the competences of the future, such as digital, cognitive, and social ones, reflect the current requirements of future
jobs within a broader concept of the fourth industrial revolution, or simply Industry 4.0 L8203 Others add that this
shift also implies the need for interdisciplinarity, personal flexibility, and a project-based approach RAB2BE3] Consequently,



the model of competences 4.0 must be enhanced with a managerial component, and it presents itself at this stage of the
discussion as follows:

« Digital and technical competences—so-called hard competences. Digital competences are understood not merely as
programming and data analysis but as a wide range of skills, from digital solutions to problems to expertise in online
privacy and cybersecurity. They include, among others, specialist competences, such as processing of big data sets,
use of computing clouds and the Industrial Internet of Things, integration, simulation and visualization of processes,
and evaluation of technology and its products;

« Managerial competences, such as self and team management, creating your image, financial management, business
strategies, project management, work psychology, organization and management, public relations, marketing and
media, managerial economy, human resources, managerial, leadership, and entrepreneurship skills, quantitative
methods and business statistics, ethics, risk management and changing management, and techniques in the context of
social and technological change;

« Cognitive or thinking competences—including creativity, logical reasoning, and solving complex problems;

e Social and psychosocial competences—effective cooperation within a group, leadership, entrepreneurship, and
emotional intelligence, including soft competences like personal flexibility and interdisciplinarity.

A similar approach is proposed by Fitsilis, Tsoutsa, and Gerogiannis 24 after Leinweber 22, They postulate the following
model of competences 4.0:

« Technical competences, such as state-of-the-art knowledge, process understanding, technical skills, etc.;

« Methodological competences, including creativity, entrepreneurial thinking, problem-solving, conflict-solving, decision-
making, analytical skills, research skills, and efficiency orientation;

« Social competences, such as intercultural skills, language skills, communication skills, networking skills, ability to work
in a team, ability to be compromising and cooperative, and ability to transfer knowledge and leadership skills;

* Personal competences include flexibility, tolerance of ambiguity, motivation to learn, ability to work under pressure,
sustainable mindset, and compliance.

Fitsilis, Tsoutsa, and Gerogiannis also add that “skills needed for Industry 4.0 are numerous and diverse”, some of them,
for example, ICT skills, have not been standardized 24,

Other typologies of competences 4.0 can also be found in the literature. Differences in approach result mainly from
specific contexts that researchers address. For example, Clavert B8 and Geryk 37 provide a list of skills—or constituting
elements of competences, to be more precise—needed to overcome the challenges posed by Industry 4.0 from the point
of view of the higher education system. The main objective is to equip students with the new qualifications needed in the
future labor market. These skills include flexibility, adaptability, technological literacy, risk-taking, business thinking, and
abilities connected with information management, cybersecurity, quality control, and sustainability. The above skills also
directly refer to the broader digital, cognitive, social, and managerial dimensions of the competences 4.0 model.

Another example comes from industrial and manufacturing points of view. According to the bibliometric analysis carried
out by Poszytek 28], the most prolific authors in the field, Stock and Seliger B, enumerate the human factor as one of the
essential elements in sustainable manufacturing. They stress the importance of ICT technical skills, social skills, creativity,
and decentralized decision-making 9. Here, a reference to digital, cognitive, social, and managerial aspects of
competences 4.0 can be seen. As stated above, the literature review shows numerous instances in which researchers
concentrate only on selected elements of these broad competence categories while discussing the concept of
competences 4.0 29,

Considering all the above discussions and bearing in mind that the social dimension of competences as such is stressed
as most important in most of the models, it seems plausible to treat social competence as an overarching element of the
whole competences 4.0 model, especially considering that depending on the model, its various constituting features can
be found in all other pillars of that competences 4.0 model, namely technical, managerial, and cognitive ones. Similarly,
cognitive competence, or, to be more precise, some of its elements, are interlinked, and economic environments and
ecosystems determined by rapid technological advancement wherein a broad application of technologies and instruments
of the digital economy are implemented are becoming a common reality. On a practical level, this new reality manifests



itself in advanced computing and connectivity thanks to the Internet, data analytics leading to increased business
intelligence, and new ways of implementing human—digital interfaces such as virtual reality 9. Again, apart from the
technical dimension of this new reality, it is a psychosocial dimension with other pillars of competences 4.0.



