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The paper analyses both the importance of introducing Industry 4.0-related courses into the curricula of Industrial Engineering
and Management (IEM) education and the appropriate ways to do so. The case study focuses on questioning two categories of
relevant stakeholders: students and professors. It also analyses their position on the introduction of new courses tailored to
Industry 4.0 content and/or the integration of Industry 4.0 elements into existing courses.

1. INTRODUCTION

Automation combined with the introduction of artificial
intelligence and the internet of everything (including internet
of things, internet of data, internet of people, and internet of
services) [1] in industrial processes, especially in
manufacturing, has intensified and has been labelled by some
authors as Industry 4.0 or the 4" industrial revolution [2].
Reducing the costs through automation and machine learning
[3] is applied in a diverse range, from automating
manufacturing processes to automating software deployment
[4]. Industry 4.0 has had a strong educational impact and has
brought a consistent presence of different concepts related to
Education 4.0 in scientific papers [5, 6].

The potential of Industry 4.0 for Industrial Engineering and
Management Education has been proven to be consistent from
the point of view of two major stakeholders: the professors and
the students, with both sides engaged in the teaching-learning
process and taking its complexity into account [7]. Different
types of Industry 4.0 content useful for Industrial Engineering
and Management education have been identified in the
literature. Thus, the paper continues previous research by
assessing the importance of Industry 4.0 from the point of
view of both students and professors identified as the most
important stakeholder groups, as well as searching for the
different types of enhancing existing curricula based on
Industry 4.0 contents. The central question of the paper is:
which is the most adequate form for universities to introduce
the needed industry 4.0 related components in Industrial
Engineering and Management curricula?

2. METHODOLOGY

The paper has exploratory objectives and, therefore, is based
on qualitative research methods suitable for this context [8].

To align with exploratory objectives, the paper uses a
recommended method - the case study [9]. The case study
method relies on both observation and survey [10]. The case
study about possible forms of introducing industry 4.0 related
elements in Industrial Engineering and Management (IEM)
Education is based on two surveys with the most relevant
stakeholders: the students and the professors, as is
recommended in another research project related to the field [7].

To gain visibility, the research project was supported by
two highly relevant European academic organizations: the
European Students of Industrial Engineering and
Management (ESTIEM) and the European Professors of
Industrial Engineering and Management (EPIEM).

The sample for the students’ survey comprises 262 students
from 17 countries (Austria, Bulgaria, Belgium, Croatia,
Finland, France, Germany, Greece, Italy, the Netherlands,
Norway, Poland, Portugal, Romania, Serbia, Spain, Turkey)
! Independent researcher, 4 Sibiu, Bucharest, Romania.

who answered a broader, multithemed survey. From this
sample, only 134 answered the Industry 4.0-related questions.

The sample for the professors’ survey contains 41
professors from seven countries (Austria, France, Germany,
Italy, Portugal, Romania, Serbia) answering a wider
multithemed survey. From this sample, 27 answered the
Industry 4.0-related questions.

The questions answered by the respondents were:

e Do you think that Industry 4.0-related courses would be

a good improvement to your curricula?

Possible answers:

- Yes

- No

- I don't know the concept of Industry 4.0, and

therefore, I have no opinion about this subject.

e How important would the addition of Industry 4.0-related
elements be in your curricula?

Possible answers on a scale from 1 = lowest importance

to 10 = highest importance.

e Which ways of integrating Industry 4.0 elements do you
think would work well within your study program in order
to increase your benefits?

Possible answers:

- New courses shaped specially for Industry 4.0-

specific content

- Integration of Industry 4.0 elements in existing

courses

- None of the above-mentioned, integrating Industry

4.0, would be a bad idea.

For the respondents answering the first question with “I
don't know the concept of Industry 4.0, and therefore I have
no opinion about this subject,” the research team decided to
ignore the subsequent answers to more detailed questions, as
answers without any knowledge have a great chance of being
irrelevant and thus contaminating the results. They could lead to
conclusions that are based on answers given by people without
Industry 4.0-related knowledge.

The last question allowed the respondents to give multiple
answers, either considering both approaches of new courses
related to Industry 4.0 and the integration of such content in
existing courses as being adequate or favoring one of them over
the other.

The statistical analysis of the responses is based on simple
univariate methods, showing the distribution of responses on
the specific scale for each Item. The graphical representation
has been chosen adequate to the nature of represented results:
either a pie, in the case of single choice answers with a
number of different answer choices small enough to allow a
transparent overview through a pie chart, or in cases of
multiple answer choices, where each percentage is
independent and the sum is thus not 100% a two dimensional
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horizontal bar chart. These choices enable the reader to have
a fast overview of the results, being also able to visually
compare the results of the two stakeholder groups: the
students and the professors, for each analyzed item.

3. LITERATURE REVIEW

The literature is showcasing a lot of potential changes
regarding education, fueled by the perceived strong innovation
wave of Industry 4.0 [11]. Some point to the potential of new
learning media, e.g., pointing out the potential of e-learning
solutions [12], while others aim to find solutions to answer
different learning styles [13]. Teachers and students have
access to a wider pool of electronic devices, and they are
supported by Al portals, which can lead to some main
advantages [14]:

e 7hey are independent in terms of space,
e they are independent in terms of time,
e and they can adapt to their own learning pace.

Even before the pandemic, the quality of web-based solutions
was praised [15], with a special focus on visual learning and
enhanced options for visualization modelling [16, 17]. Virtual
laboratories represent one of these solutions, bringing the
advantages of investing less time and financial resources [18].
Integrating robots into education and programming them to do
certain tasks can be an excellent motivator for students [19].
These trends in online teaching were then totally embraced by
universities during the pandemic [7].

Another major element is gamification, being supported by
many authors [20-22] as serious games are excellent ways to
develop competencies in a wide area of educational domains
ranging from defense education [23] to business and industry
[24,25] with a special focus on entrepreneurship [26,27] and its
suitability for industrial engineering and management [28,29].
Gamification is highly relevant, as studies of experiencing such
serious games in engineering education, proved that 21
different relevant competencies were developed by the
participating students: analytic thinking, strategic thinking,
decision making, team work, defining goals, opportunity
recognition, problem recognition, problem solving, intuitive
thinking, proactive  thinking, = communication, time
management, responsibility, courage, argumentation, self-
esteem, conflict management, creativity flexibility, diplomacy
and delegation [29]. Most of these competencies, more exactly
the first 17 mentioned above, have been reported by at least
50% of participating students to be developed in a substantial
or outstanding manner during one semester of experiencing the
General Management business simulation [29]. Even the last 4
competencies had good results, as creativity and flexibility fell
short of the 50% threshold, being reported by 49% to increase
with a substantial or outstanding development, while
diplomacy had 47% and delegation 42% of respondents
regarding the competence development at a substantial or
outstanding level [29]. The merit of such educational
innovations is underlined by the fact that most of these
competencies belong to the category of social competencies,
which is strongly appreciated by the employers of young
engineering graduates, as [30] point out in a study that 65.75%
of questioned engineering graduates perceived that social
competencies to play a very important role the their workplace,
ranking 1% before professional competencies regarded as very
important by 53.42% and methodological competencies
considered very important by 49.32% of the respondents. In

another research, the importance of these competencies was
confirmed: 95,71% of respondents considered problem solving
to have a positive importance, similar importance but
acknowledged by a smaller percentage of 81.43% was
registered for decision making, or time management
acknowledged by 77.46%, argumentation by 70.59%, and
conflict management by 70& of the respondents [31].

These social competencies, often underestimated in
engineering education, are extremely important in
communication processes at the workplace, technical
communication being associated with specific requirements as
a professional language [32] and coming with specific
language-related communication challenges for engineers [33].

A special role related to the potential changes of the
education landscape is related to the use of Industry 4.0
learning environments [34] and the introduction of both
contents and methods related to Industry 4.0 in the curricula of
Industrial Engineering and Management programs [7]. These
potential changes mirror the way Industry 4.0 evolves
regarding its main components:

e mechanical innovations

e software innovations,

e  organizational and management approaches,
e  organizational culture [35].

There are specific Industry 4.0-related contents that have
been identified as relevant to Industrial Engineering and
Management education:

There is a strong need for engineers with a good
understanding of digital business models that combine
improved customer access and interaction with complete
services [36] as well as digital methods included in Enterprise
Resource Planning systems that optimize production,
information, labor capacity, and defect management [37].

Industry 4.0 solutions can lead to cost-effective production
flexibility, which is of utter importance in the industry, e.g., in
automotive [38]. Robotics and the integration of robots in
education are acknowledged as being of great advantage for the
development of engineering competencies and for the
motivation of students [19].

The importance of adding management and organizational
culture elements next to hardware and software-related
Industry 4.0 contents is not completely new and was
emphasized in previous research, with the condition that the
level of expertise in the universities is adequate or is enhanced
to the desired level through training courses [7]. The way
people act in an organization based on assumptions, attitudes,
beliefs, norms, and values is the reflection of the enterprise
culture [39]. It is a central factor for success [40], and it has the
potential of transforming the employees of an enterprise into a
community with shared mission and vision as well as
underlying values [41,42].

Learning by doing, combined with skills in “advanced
analytics, Internet of Things and digital security” [43], is
essential for preparing students for future challenges related to
Industry 4.0, thus providers of education services like
universities have a need for emerging technologies [7]. The
offer of personalized content in an interactive frame in the field
of Industrial Engineering and Management is enhancing the
competitiveness of graduates in a strong manner in the labor
market [44].
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4. CASE STUDY

The question at the center of this Europe-wide case study
is: which is the best way of integrating identified useful
Industry 4.0-related content, ranging from various technical
elements, including software and hardware, to management
elements [7] in IEM education.

The starting point is, of course, the question of whether
integrating such elements is considered useful. The starting
question “Do you think that Industry 4.0 related courses would
be a good improvement to your curricula?”’ from the research
among European students shows that from 134 respondents,
88 (66%) considered Industry 4.0 related courses to be a good
improvement for their curriculum (Answer Yes). At the
opposite pole, only 2 (1%) respondents gave a negative answer
(Answer No). The rest of the sample, namely 44 students
(33%) chose the option “I don’t know the concept Industry
4.0, and therefore I have no opinion about this subject”. The
results regarding the importance of Industry 4.0-related
courses for the students are visualized in Fig. 1.

| don't
know the
concept,
44, 33%

<4

Yes, 88,

0,
No, 2, 1% 66%

Fig. 1 — Are Industry 4.0-related courses a good improvement for the
curricula perceived by the students?
N=134 respondents.

The large majority favoring the addition of Industry 4.0
elements among European students, with 88 students (66%)
versus only 2 students denying its worth as a good
improvement, is encouraging for proceeding with the
research regarding the best ways to integrate such content.
However, the fact that a large minority of students, 44 (33%
of the sample), are not informed enough to have a clear
opinion on this question indicates further research potential
regarding the need to have informed students, and
appropriate ways of achieving the goal of having well-
informed students.

No:
2,7%

Yes:
25,93%

Fig. 2 — Are Industry 4.0-related courses a good improvement for the
curricula perceived by the professors?
N=27 respondents.

In the survey with the professors, the uninformed group is
totally missing, which is in line with the fact that the
professors’ group is naturally very informed about relevant
developments in the industries relevant to engineering
education. The findings indicate that a high majority of 25
(92.6%) consider Industry 4.0-related courses to be a good
improvement for the Industrial Engineering and Management
curricula, while only 2 (7.4%) deny its importance and
answered No. This shows an even stronger support for
Industry 4.0-related courses among the second stakeholder
group — the professors, as we can see in the graphical
distribution of answers in the following figure (Fig. 2):

A yes-or-no question, like the starting question, is a good start
for research, but it does not provide any information about the
magnitude of perceived importance, so a follow-up is needed.

To assess the quantitative importance of Industry 4.0-related
courses, respondents rated the importance of Industry 4.0-
related elements on a scale from 1 to 10.

The findings show that the average importance value for
Industry 4.0-related elements is 8.07 on a scale from 1 to 10,
where 93% of the respondents rated it between 6 and 10, and only
7% gave a rating in the lower half of the scale between 1 and 5.

The complete distribution of importance ratings between
a minimum of 1 and a maximum of 10 are shown in the
following figure (Fig. 3), where we notice that none of the
respondents graded the importance as 1, 2 or 3 in total
opposition with a very good percentage of the students’
stakeholder group which allocated an importance of 10
(33%), 9 (17%) or 8 (24%), these best ratings summing up
74% of the hole stakeholder group.

The fact that a 3™ - 33% of the students answered with the
maximal importance rating of 10, heavily underlines the
magnitude of the perceived importance of Industry 4.0
elements for I[EM students.

5:4,5%

6:6, 7% ‘
11, 12%

8:
21, 24%

4:2,2%

Fig. 3 —Students’ perception of the significance of including Industry 4.0-
related elements in the curricula on a scale from 1 (min) to 10 (max).
N = 88 relevant respondents.

Fig. 4 — Professors’ perception of the significance of including Industry
4.0-related elements in the curricula on a scale from 1 (min) to 10 (max).
N = 27 respondents.
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The responses in the professors’ sample converged with
the answers of the students: 24 (89%) of the 27 respondents
credited the importance in the upper part of the scale between
7 and 10, while only 3 (11%) assessed it in the lower half of
the scale. The maximal importance rating of 10 was the
choice for 8 (30%) of the respondents. A better visualization
of the importance of adding Industry 4.0-related elements in
the curricula is presented in Fig. 4.

The integration of Industry 4.0-related elements offers two
options: either adding new courses tailored to Industry 4.0 to
the curricula or integrating these elements into existing
courses.

Out of 117 IEM students answering this question in a
relevant manner, 84 (72%) supported the Integration of
Industry 4.0 elements in already functioning courses, while
68 of them (58%) supported the introduction of new courses
with Industry 4.0-specific content. The two options have 35
students (30%), so almost a third of the respondents support
both. Figure 5 below presents a good visualization of these
findings:

Integration of Industry 4.0 elements in
existing courses, 84
ew courses shaped specially for Indu
4.0 specific content, 68

0 20 40 60 80 100

Fig. 5 —The adequate way of introducing Industry 4.0-related elements in
the curricula perceived by the students.
N =117 respondents.

The professors’ sample converges with an even stronger
support for the integration of Industry 4.0 elements in already
functioning courses by 23 (88%) out of 26 professors, while
the introduction of new Industry 4.0 courses is supported by
11 (42%) professors. In this group, we have 8 professors
supporting both alternatives, the percentage — 30% is the
same as in the students’ sample. The corresponding figure is
Figure 6, which shows the data distribution:

tegration of Industry 4.0 elements in existing
courses, 23

New courses shaped specially for
Industry 4.0 specific content, 11

0 5 10

15 20 25

Fig. 6 —The adequate way of introducing Industry 4.0-related elements in
the curricula perceived by the professors.
N =26 respondents.

5. CONCLUSIONS

As a conclusion, we can observe that both IEM stakeholder
groups, the students, as well as the professors, think that the
Industry 4.0-related contents represent a good improvement
for Industrial Engineering and Management curricula.

Regarding the way to do it, we see a higher support for
integrating Industry 4.0 elements in existing courses in the
answers of both stakeholder groups, as the opinions of
students and those of professors converge regarding this
matter.

This strategy, which is also easier to implement in
universities, as in this case, there is no need to change the
structure of the curricula. Being aware that in some cases the
integration of Industry 4.0 elements in already functioning
courses is not possible, both groups also support the
introduction of new Industry 4.0 courses.

The two strategies can be combined to keep IEM studies in
line with industry evolution and to prepare students for a good
insertion into the labor market after graduation.

ACKNOWLEDG(E)MENT(S)

Hereby, the authors’ team acknowledges the generous
support of the European Students of Industrial Engineering
and Management (ESTIEM) and the European Professors of
Industrial Engineering and Management (EPIEM), as both
enabled the two research surveys to reach Europe-wide
respondents from both stakeholder groups: the students and
the professors.

CREDIT AUTHORSHIP CONTRIBUTION
STATEMENT

Ioana Mustata: concept, methodology, research, wrote the main paper
draft.

Tosif Vasile Nemoianu: methodology, writing, validation, review.
Radu Mircea Ciuceanu: methodology, writing, validation, review.
Ioan-Cristian Mustata: concept, research, and surveys, writing.

Received on 30 April 2025

REFERENCES

1. ***Deloitte Industry 4.0, challenges and solutions for the digital
transformation and use of exponential technologies, Deloitte AG
Report, p. 4 (2015).

Ebersberger, H. L066f, Multinational enterprises, spillovers,

innovation, and productivity, Royal Institute of Technology,

CESIS Electronic Working Paper Series, 22, pp. 1-40 (2004).

3. C.A. lordache, C.V. Marian, Project management expert system with
advanced document management for public institutions, Rev.
Roum. Sci. Techn. — Electrotechn. et Energ., 69, 2, pp. 219-224
(2024).

4. C.A. Cazan, C.V. Marian, Automation improvement for GIS-based
applications deployment in fast-growing high scalability data-
rooms, Rev. Roum. Sci. Techn. — Electrotechn. et Energ., 69, 3, pp.
347-352 (2024).

5. R.I. Mogos, C.N. Bodea, M.I. Dascilu, O. Safonkina, E. Lazarou, E.L.
Trifan, I.V. Nemoianu, Technology enhanced learning for Industry
4.0 engineering education, Rev. Roum. Sci. Techn. — Electrotechn.
et Energ., 63, 4, pp. 429-435 (2018).

. Mogos, C.N. Bodea, Recommender systems for engineering
education, Rev. Roum. Sci. Techn. — Electrotechn. et Energ., 64,4,
pp. 435-442 (2019).

7. L.C.Mustatd, L. Bacali, M. Bucur, R.M. Ciuceanu, A. Ioanid, A. Stefan,
The evolution of industry 4.0 and its potential impact on industrial
engineering and management education, Rev. Roum. Sci. Techn.
— Electrotechn. et Energ., 67, 1, pp. 73-78 (2022).

8. L. Berekoven, W. Eckert, P. Ellenrieder, Marktforschung: methodische
Grundlagen und praktische Anwendung, 12th ed., Gabler,
Wiesbaden, p. 87 (2009).



loana Mustata et al.

143

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

G. Specht, A. Dos Santos, S. Bingemer, Die Fallstudie im
Erkenntnisprozess: die Fallstudienmethode in den
Wirtschaftswissenschaften, in K.P. Wiedmann (Ed.), Fundierung
des Marketing — Verhaltenswissenschaftliche Erkenntnisse als
Grundlage einer angewandten Marketingforschung, Wiesbaden,
pp. 539-563 (2004).

R.E. Stake, The art of case study research, Sage Publications, Thousand
Oaks (1995).

H. Kaggermann, Change through digitization—value creation in the
age of the Industry 4.0, in Management of Permanent Change,
Springer, New York, pp. 2345 (2015).

C. Mustata, Market research on e-learning potentials in the field of
business administration for the industry, Proceedings of the 10th
International Scientific Conference eLearning and Software for
Education, Bucharest, 3, pp. 522-526 (2014).

A.D. Ionita, A. Olteanu, Domain specific models, knowledge and tools
to support multiple learning styles for engineering students, Rev.
Roum. Sci. Techn. — Electrotechn. et Energ., 59, 4, pp. 423-432
(2014).

I. Widiaty, L.S. Riza, A.A. Danuwijaya, R. Hurriyati, S.R. Mubaroq,
Mobile-based augmented reality for learning 3-dimensional
spatial Batik-based objects, Journal of Engineering Science and
Technology, 12, pp. 12-22 (2017).

G.C. Seritan, B.A. Enache, S.D. Grigorescu, S.V. Paturca, C. Cepisca,
V. Vita, R. Porumb, B. Neagu, D. Ghiculescu, Improvement of
teaching activities in higher education: a case study, Rev. Roum.
Sci. Techn. — Electrotechn. et Energ., 64, 2, pp. 169-172 (2019).

G.C. Seritan, B.A. Enache, R. Porumb, F.C. Argatu, F.C. Adochiei, V.
Vita, Improvement of teaching activities in higher education: a
case study, Rev. Roum. Sci. Techn. — Electrotechn. et Energ., 63,
4, pp. 437-440 (2018).

A.D. Ionita, A. Olteanu, Support students’ experimental work in
electrical engineering with visual modeling: a case study, Rev.
Roum. Sci. Techn. — Electrotechn. et Energ., 59, 7, pp. 107-116
(2014).

E. Giannaka, A. Alexiou, Virtual laboratories in education, Research
Academic Computer Technology Institute and University of
Patras, Greece, p. 3 (2005).

D.P. Miller, LR. Nourbakhsh, R. Siegwart, Springer handbook of
robotics, Springer, 55, p. 1284 (2008).

M. Pivec, Editorial: play and learn: potentials of game-based learning,
British Journal of Educational Technology, 38, 3, pp. 387-393
(2007).

A. Ranchhod, C. Gurau, E. Loukis, R. Trivedi, Evaluating the
educational effectiveness of simulation games: a value generation
model, Information Sciences, 264, pp. 75-90 (2014).

A.J. Blazic, C. Ribeiro, J. Fernandes, J. Pereira, T. Arh, Analysing the
required properties of business simulation games to be used in e-
learning and education, Intelligent Information Management, 4,
pp. 348-356 (2012).

D.R. Michael, S.L. Chen, Serious games in defence education: a report
into the potential educational benefits of education, Education
Journal, 61, 3, pp. 1-95 (2005).

C.K. Riedel, J.B. Hauge, State of the art of serious games for business
and industry, Proceedings of the 17th International Conference on
Concurrent Enterprising (ICE), pp. 1-8 (2011).

L. Vos, Simulation games in business and marketing education: how
educators assess student learning from simulations, The
International Journal of Management Education, 13, 1, pp. 57-74
(2015).

C.A. Popescu, C.P. Simion, F. Danalache, C.G. Alexe, C.M. Alexe,
Entrepreneurship education through e-learning in Romania,
Proceedings of the 5th International Conference of Management
and Industrial Engineering (ICMIE), pp. 51-56 (2011).

27

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43

44,

. F. Belotti, R. Berta, A. De Gloria, E. Lavagnino, A. Antonaci, F.
Dagnino, M. Ott, M. Romero, M. Usart, I.S. Mayer, Serious games
and the development of an entrepreneurial mindset in higher
education engineering students, Entertainment Computing, 5, 4,
pp. 357-366 (2014).

C. Mustata, Case study: the “General Management II” business

simulation game in the classroom, Proceedings of the 10th

International Scientific Conference eLearning and Software for
Education, pp. 346-349 (2014).

Mustata, C.G. Alexe, C.M. Alexe, Developing competencies with
the General Management II business simulation game,
International Journal of Simulation Modelling, 16, 3, pp. 412-421
(2017).

Mustata, U. Heyder, 1. Mustata, Social competencies and their
relevance for engineers, Proceedings of the 9th International
Scientific Conference of Management and Industrial Engineering:
Management Perspectives in the Digital Transformation, pp. 379—
387 (2019).

Mustata, 1. Mustata, B.M. Zunk, Employability from the
perspective of working students and graduates: the situation at the
University Politehnica of Bucharest, Proceedings of the 9th
International Scientific Conference of Management and Industrial
Engineering: Management Perspectives in the Digital
Transformation, pp. 388-397 (2019).

1. Mustata, Technical communication as a professional language, in C.
Mustata, A. Niculescu (Eds.), Proceedings of the Innovation and
Sustainability International Conference, 5th edition 2019.
Sustainable Innovation, pp. 55-58 (2019).

1. Mustata, The language challenges in technical communication,
Innovation and Sustainability International Conference, Sth edition
2019. Sustainable Innovation, pp. 12—15 (2019).

E. Lazarou, C. Mustata, C. Dragomirescu, Working and learning in
Industry 4.0 environments, U.P.B. Scientific Bulletin, Series D, 81,
4, pp. 353-366 (2019).

D. Bizubac, B.O. Hoermann, Digital disruptive innovation effects in the
manufacturing industry, Rev. Roum. Sci. Techn. — Electrotechn. et
Energ., 66, 1, pp. 41-46 (2021).

K.D. Thoben, S. Wiesner, T. Wuest, Industrie 4.0 and smart
manufacturing—a review of research issues and application
examples, International Journal of Automation and Technology,
11, 7, pp. 4-16 (2017).

D. Miorandi, S. Sicari, F. De Pellegrini, I. Chlamtac, Internet of Things:
vision applications and research challenges, Ad Hoc Networks,
10, 7, pp. 1497-1516 (2012).

B. Hofteiter, C. Huemer, Flexible workflow management in service-

oriented environments, Agent-Based Service-Oriented Computing,

Springer, pp. 81-111 (2010).

Armstrong, A handbook of management techniques: a
comprehensive guide to achieving managerial excellence &
improved decision making, Kogan Page Publishers (2006).

. Alattas, K. Kang, O. Sohaib, Impact factors for business system
success, Pacific Asia Conference on Information Systems (PACIS)
Proceedings (2016).

K. Okatan, O.B. Alankus, Effect of organizational culture on internal
innovation capacity, Journal of Organizational Studies and
Innovation, 4, 3, p. 18 (2017).

M.Z. Nafchi, H. Mohelska, Organizational culture as an indication of
readiness to implement Industry 4.0, Information, 11, 3, p. 174
(2020).

. F. Almeida, J. Simoes, The role of serious games, gamification and

Industry 4.0 tools in the Education 4.0 paradigm, Contemporary

Educational Technology, 10, 2, pp. 120-136 (2019).

Muktiarni, I. Widiaty, A.G. Abdullah, A. Ana, C. Yulia,
Digitalisation trend in education during Industry 4.0, Journal of
Physics: Conference Series, 1402, 7 (2019).

1.C.

I.C.

1.C.

M.

M.



