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Abstract

Abstract

Purpose: The ongoing digital transformation (identified commonly as Industry 4.0) of the
manufacturing industry is not just a purely technological process: it has widespread interactions
with several organizational aspects of the adopting firm, including its human resource base.
Therefore, the purpose of this research is to extend previous research by investigating the role
of human resources related to digital manufacturing technology adoption projects during

different adoption stages and in relation with different organizational levels.

Methodology: Given the scarcity of results in the literature, this research adopts an exploratory,
multiple case study approach. Data collection is carried out through semi-structured interviews
with managers, complemented with site visits. Altogether, 10 cases studies from 5
manufacturing plants are investigated in two different countries.

Findings: The results provide a more fine-grained perspective on the interrelationship between
human resources and digital technologies. These technologies affect different the identified
three main human resource categories (managers, development experts and shop-floor
employees), and the effect differs in the three key implementation phases (pre-implementation,
during implementation and post-implementation) too. From a practical perspective, | aim to
provide a tool for managers responsible for digitalization to identify most important activities,
skills, and competencies along the implementation journey to arrive at a successful technology

adoption.

Keywords:

digitalization, manufacturing technologies, industry 4.0, human resources, case study
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1. Introduction

1. Introduction

The ongoing digital transformation of the manufacturing industry, identified commonly under
the umbrella term of Industry 4.0 (14.0), promises to revolutionize the way manufacturing
companies operate, enabling them to attain higher performances than ever before (Buchi et al.,
2020; Szész et al., 2021). However, this transformation is not just a purely technological
process, having widespread interactions with several organizational aspects of the adopting firm
(Demeter et al., 2021), including its human resource base (Nayernia et al., 2021). Nevertheless,
the human resource implications of implementing 14.0 technologies have received far less
attention in literature, most of such articles applying only a narrow focus on either the new
skills and competencies required for future manufacturing jobs or on aspects of new employee

roles in an 14.0 context (Nayernia et al., 2021).

Successful digital transformation, however, would require a more complex management of
human-system interaction, for which the literature offers limited guidance (Neumann et al.,
2021). Existing studies in this field usually focus on a narrow aspect of human-technology (HR-
14.0) interaction. Thus, results currently offer only fragmented evidence, leaving the whole 14.0
technology implementation landscape uncovered. Nevertheless, a holistic approach is crucial
in the management of the digital transformation process to reveal how different HR activities
interact during different implementation stages and across organizational levels to improve the
success of 14.0 implementation.

Thus, this research aims to: (1) identify research gaps in the 14.0-HR literature, (2) address these
gaps with my case research and finally, (3) provide a holistic picture on how the success of 14.0
technologies can be enhanced by a proper management of human resources, guided by the
following general research question (RQ): what is the role of human resources in the

adoption of digital manufacturing technologies?

2. Industry 4.0 in the countries of the European Union and in Central

and Eastern Europe

First, the presence of 14.0 strategies in the European Union (EU) was analysed to find out some
insight about the macro-level factors. Specialized 14.0 strategies are very common in the EU;
most countries already have dedicated 14.0 strategies (ec.europa.eu, 2017). Central and Eastern

European countries, like Hungary, Slovakia, Czechia, and Poland already have an 14.0 strategy




3. Digitalization and Industry 4.0 in the automotive industry

(ec.europa.eu, 2017). In Romania, there are some national initiatives for industry digitalization,
but the country does not have an 14.0 strategy. Therefore, in Romania, the 14.0 intentions can
certainly be developed for most of the companies. Although many Romanian companies
already use some 14.0 technologies (zf.ro, 2022), unfortunately Romanian firms in general lag
behind the EU average in terms of digitalization, based on the DESI (Digital Economy and
Society Index) (digital-agenda-data.eu, 2022). Due to this fact, the research could be relevant
for the Romanian scientific community and for the entrepreneurial era too. One of Romania’s
neighbouring countries, Hungary has a focused Industry 4.0 strategy since 2016
(i40platform.hu, 2016). The Hungarian 14.0 strategy also noticed the human resources factor as
a bottleneck for digitalization and as an area for urgent development.

3. Digitalization and Industry 4.0 in the automotive industry

Historically, the evolution of the manufacturing industry can be divided into four stages, the
last decade being the era of 14.0 (Kagermann et al., 2013; Marnewick and Marnewick, 2020).
Nowadays the industry has reached its fourth phase, 14.0. This contemporary stage is not just
about automation and the use of advanced industrial technologies (Olsen & Tomlin, 2020); its
distinctive feature is related to interconnected, complex production systems, where all actors —
humans and machines — share data with each other and form a cyber-physical system together
(Lee et al., 2015; Fatorachian & Kazemi, 2018). The backbone of this interconnected system is
provided by the Internet of Things (IoT) which creates a digital network that connects machines,
processes, and human actors (Fatorachian & Kazemi, 2018; Olsen & Tomlin, 2020). This
transformation in the automotive industry started somewhere at the beginning of 2000, ahead
of other industries. Today the cars are almost fully personalized, the production in most cases
is automatized, the humans and the robots have been working together for a lot of years.
Nowadays three megatrends are dominating the 14.0 in the automotive sector. These are cloud

computing, cybersecurity, and big data analytics (automotiveworld.com, 2015).
4. Literature review on the role of human resources in Industry 4.0

To map current knowledge and gaps in the literature, a systematic literature review was
conducted (Durach et al., 2017; Tranfield et al., 2003; Seuring & Gold, 2012). The search was
made in the Clarivate Web of Science (WoS) database (which is the largest and the most
recognized scientific database) on December 20, 2021. To generate a relevant initial pool of

sample, several inclusion criteria have been established (Table 1).
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4. Literature review on the role of human resources in Industry 4.0

Table 1: Inclusion criteria

Inclusion criteria

Detailed argument

(a) Papers written in English.

English is the dominant research language in business and
economics research; the use of English ensures the accessibility and
comparability of the results.

(b) Papers published in or after 2012

The concept of 14.0 appeared in 2012 (Kagermann et al., 2013; Liao
et al.,, 2017). Although some constituent technologies appeared
earlier, 2012 can be considered as the seminal point of the 14.0
literature stream.

(c) Type of publication: scientific
article, review or early access paper

This review focuses only on high quality, peer-reviewed scientific
papers, where a rigorous review process ensures the reliability of the
results. Other publication types, such as conference papers or book
chapters are excluded.

(d) Based on its topic, the journal I in
Business, Business Finance, Operations
Research and Management Science,
and/or Economics domains in Web of
Science

This review focuses exclusively on the managerial and economic
implications of 14.0 technologies in the human resource management
domain. Purely technical discussions of the technology-human
interaction are excluded.

(e) The paper focuses on manufacturing
industries

Some papers use the 14.0 concept in a non-manufacturing context,
which are filtered out.

(f) The paper focuses on the interplay
between HR and at least one type of 14.0
technologies

Topical restriction through search keywords to identify results
relevant to my research question.

Source: own construction

As an operationalization of the last inclusion criterion (f), several keywords have been defined

to discover potentially relevant articles. Keywords were defined in relation with the two main

domains of investigation, i.e. 14.0 and human resources. The keyword-based search resulted in

a total of 337 articles. First, | have read the title and the abstract of each article to determine if

they are potentially relevant or not. After evaluating the titles and abstracts for relevance, | have

arrived at a total of 71 papers. As a last step, | have conducted a full-text analysis of the 71

papers to determine whether they truly contain relevant information to my topic, reaching

thereby a final sample of 52 relevant papers (Figure 1).

Figure 1: The article selection process

Industry 4.0 side

Human factors side

Selected keywords

(industry 4.0; 14.0; factory 4.0;
.manufactur* technolog*”; , digital*
manufactur*”;  digital* product*”)

(,,human resource*”; HR; human*;
employee®; worker*; operator*; workforce;
labour*; manager*)

Initial pool
(based on inclusion critervia

(@), (®), (c), (d))

After title and abstract analysis
(based on inclusion criteria (e), (f))

After full-text analysis
(based on inclusion criteria (e), (f))

337 papers
71 papers
Search date and database
2 Clarivat,
52 papers 20 December 2021~ Anabics

Source: own construction
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4. Literature review on the role of human resources in Industry 4.0

While technological aspects of 14.0 (e.g., constituent technologies, synergies between different
technologies, implementation drivers and barriers, performance implications, etc.) have been
present in literature for almost a decade, human resource implications are still an emerging
aspect in this stream (Neumann et al., 2021). This is supported by the fact that almost 52% of
the relevant articles in my sample appeared in 2021; and 87% of all relevant papers are no older
than 5 years (Figure 2). Thus, these results indicate that scientific discussion about the interplay
between 14.0 and human resources has started only recently, leaving much room for advancing

the understanding of the topic.

Figure 2: Sample characteristics based on publication year and the publishing journals

International Journal
International Journal of of Production
Manpower; 5 Research; 4

Journal of
Manufacturing

Technology
Management; 8

. Technological Forecasting S ==3s=2z 3= 2
Other journals; 14 and Social Change; 5 IS

o -
(S|
(==l ]
[ |

Source: own construction

The umbrella term 14.0 covers many different technologies (Culot et al., 2020). In my sample
of articles 31 different technologies can be distinguished (Figure 3). These technologies might
have different effects on human resources: the large number of different technologies predicts
a diversity of the effects of 14.0 on human resources. It is also noticeable, that many articles do
not specify the 14.0 technologies studied, using only the term “Industry 4.0” in a generic way.
Employees play a defining role in the implementation of 14.0 technologies, thus it is not
surprising that 86.5% of the articles reviewed include employee-related issues in their topics
(Figure 3). 21.2% of the articles take only pre-implementation phase into consideration, another
13.5% focus exclusively on the implementation phase, while 26.9% highlight the post-

implementation phase. Some articles cover more than one phase.

Existing studies generally focus on one specific organizational level and a single
implementation phase. While focal employee groups are clearly defined in these papers,
implementation phases are less frequently specified. Thus, in the following | will offer a

summary of the literature grouped by the organizational levels they focus on.
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Figure 3: Thematic aspects covered

14.0 technologies included in the articles

Sofware

solutions; 3 P

Simulations; 3 Automation; 3 analytics; 2

Artificial intelligence;
6

Collabora...

3D printing; 8 RFID; 3 Sensors; 2 Cyber manufact... Interconn...
security; 2 2 2
Smart manufacturing;
5 Blockchain, 1 R‘:Il_m self et
. i, oegpeinti_
Virtual reality; 3 cobots; 2 system; 1 1 solumions; 1
Rapid.
prototypeing. 1 Fog and edge Fuman-robot shared
compuling, 1 workplace, 1
Cyber-physical Augmented ‘scthlEll:glies; o
14.0 (technologies not specified); 25 PINGC RS R NI systems; 5 ; Reality; 3 2 o | Sy iy
The human resource categories covered The 14.0 implementation phases covered
OF (Shop-floor employees) @E, M ®E, DE (Development experts), M mM (Managers) OBefore (B) DDuring (D) DAfter (A) 8B, D ED,A ®B.D A

44.2% 40.4% 21.2% 135% 26.9% 19.2%

Source: own construction

Managerial questions in the most cases are investigated in the context of the pre-
implementation stage. This is explained by the fact that managers are the ones who make the
decisions on the implementation of 14.0, thus playing the most defining role in the phase before
implementation. Managers with a strong operational presence and early-adopter profile will
foster quick 14.0 implementation (Moeuf et al., 2020). As in project management in general, in
14.0 implementation the support and commitment of top management is similarly crucial (e.g.,
Ukobitz, 2021). In addition, following a conscious planning process also can be considered as
an important aspect (e.g., Horvath and Szabd, 2019). The willingness of leaders to introduce
the new 14.0 technologies can be considered as one of the most important factors, without their

commitment the 14.0 implementation probably will not even start.

During the transformation process, managers should have the necessary competences for
achieving success, such as design thinking, research orientation or entrepreneurial intelligence.
Based on these competences, continuous support from management, or securing the support
from external partners should be present along the implementation. New technologies often
require some adjustments in the organization and in the business model (e.g., Schneider, 2018),
therefore organizational changes are continuously on the managers to-do list during
implementation. Another important aspect, namely workers' resistance, represents a major
challenge for managers during 14.0 adoption. Therefore, the top management should correctly
inform the employees about the upcoming changes.

13
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Last, the literature does little to address the role of managers after the implementation phase,
though their role might similarly be crucial in enhancing the performance benefits achievable
by the use of 14.0.

Development experts is a rarely mentioned category, many researchers focusing only on shop-
floor employees and/or the managerial level. Selvarajoo et al. (2021) mentions the lack of
expertise as a major challenge for implementation, which can be tackled by involving external
experts, such as design engineers or technical engineers. Demeter et al. (2020) also highlights
the role of the digital experts, as the ambassadors of change. Knowledge management can
become a challenging aspect when external development experts are involved in a business

unit’s 14.0 project.

Turning to the shop-floor employee side, much of the research focuses on the post-
implementation stage, the first two phases receiving somewhat less attention. In general, the
most common topics are the existing skills and competences (e.g., Stentoft et al., 2021; Ukobitz,
2021); new skills and competences (e.g., Agarwal et al., 2021; Vereycken et al., 2021) and, as
a consequence of the new skills required, the way of acquiring them by training and education
(e.g., Agarwal et al., 2021; Ozkan-Ozen and Kazancoglu, 2021). Before the implementation,
having the right willingness and motivation can be a challenge for employees, but without them
the effectiveness of 14.0 adoption can be hurt. Based on the literature, common understanding
and vision among employees (Agarwal et al., 2021) can be considered as “step zero”. To
enhance employee motivation to work with the 14.0 solutions, their involvement already in the
development, and later in the implementation phase, could be a viable solution (Vereycken et
al., 2021).

During the implementation phase, literature focuses mostly on the topic of employee trainings
(e.g., Moeuf et al., 2020), as they can represent an effective solution for the emerging need for
new skills and knowledge, and are also crucial in the employee relocation process when
machines take over human roles, and employees need to take more complex, non-automated

jobs.

In the after-phase, one of the main challenges is related to changes in job characteristics, among
which the increase in job complexity can be frequently expected (Vereycken et al., 2021,
Ozkan-Ozen and Kazancoglu, 2021). Job flexibility, increased creativity and improved
transparency are also features that become more prevalent after 14.0 implementation. However,

increased expectations from employees can also lead to work overload and technostress (Malik
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5. Conceptual framework development

et al., 2021). Undoubtedly, digitalization changes the landscape of existing jobs: it can create
new jobs too, while in some repetitive and manual jobs, it replaces the human workforce.
According to many researchers, this replacement effect will represent an important shift in a
digitalized context (e.g., Ito et al., 2021; Malik et al., 2021). Regardless of the implementation
phase, fear of change (Ito et al., 2021), increased human-machine interaction (Ozkan-Ozen and
Kazancoglu, 2021) and job loss fear (Malik et al., 2021) can continuously cause resistance

among employees.

As shown before, current literature offers several fragmented insights into the human-related
implications of 14.0 implementation, but there are several missing pieces too, such as the role
of managers after the 14.0 implementation, or several aspects of employee implications in the
before and during stages that would need a more in-depth investigation. Furthermore, a holistic
approach is missing, that would involve the joint investigation of several implementation phases
on more organizational levels in an interconnected manner. Therefore, in this research | aim to
offer a more holistic approach to discover the full shift of human resource roles because of 14.0

implementation.
5. Conceptual framework development

The purpose of this research is to extend previous research by investigating the role of human
resources related to projects of digital manufacturing technology adoption during (a) different
adoption stages and (b) in relation with different organizational levels — two decisive aspects
that have been overlooked by previous studies. Within the role of human resources, I
specifically focus on the (i) activities performed by human resources and the (ii) required skills
and competencies to perform those activities.

(@) More specifically, I rely on previous technology adoption studies to map activities, and
required skills and competencies, along all three main phases of technology adoption, i.e., pre-
implementation, implementation, and post-implementation phase (Cardoso et al., 2012;
Stornelli et al., 2021). The pre-implementation phase contains all steps until a final
implementation decision is made and implementation is initiated in practice, which marks the
start of the second phase involving set-up and installation steps. The post-implementation phase
also represents a relevant phase as further adaptation is expected during the steps of post-

installation (i.e., actual use) of a digital technology.
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6. Data and methodology

(b) Furthermore, studies investigating success factors and barriers of 14.0 adoption argue that
human resource implications have to be considered on all organizational levels, from shop-floor
employees to top management (Horvath and Szabo, 2019). Three main groups can be
distinguished as relevant human resource categories involved in a digital manufacturing
technology implementation, namely shop-floor employees (the ones that work directly with the
technology), development experts (engineers, trainers with relevant technological knowledge)
and managers (overseeing and setting broader objectives for technology implementation
projects) (Demeter et al., 2021; Horvath and Szabd, 2019) (Figure 4).

Figure 4. Conceptual framework of the interplay between 14.0 and human resources

Industry 4.0 technologies

A A A
Pre-implementation Implementation Post-implementation
(Before 14.0 implementation) (During I4.0 implementation) (After 14.0 implementation)

A 4 A
Shop-floor employees and Development experts and Managers

Source: own construction
6. Data and methodology

Given the scarcity of results in the literature on how human-system interactions should be
managed during different phases of adopting digital manufacturing technologies and on various
organizational levels, this research adopts an exploratory, multiple case study approach. Data
collection is primarily carried out through semi-structured interviews with managers,
complemented with site visits. For the semi-structured interviews, | have applied a customized

interview protocol, which was developed in several steps (Figure 5).

The created interview protocol enables me to assess multiple dimensions and their
interdependencies in a holistic manner. The interview protocol is based on a 3x3 matrix basis,
including, on one hand, the human resources dimensions (managers, development experts and
shop-floor employees), and on the other hand, the 14.0 implementation phases (before, during
and after the implementation). Thus, altogether 9 main categories can be distinguished. The
questions were then fitted into one of the squares, while some of them were relevant for more

categories simultaneously.
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6. Data and methodology

Figure 5: The steps of interview framework creation

Case study methodology

Steps Theoretical relevance
1 Systematic literature review to
: identify the gaps.
2.
3.
4.

v

‘ ‘ Practical relevance

Initial interview protocol framework
based on the literature.

Pre-test at

a company.

Based on the company’s feedback
interview protocol fine-tuning and
thereby reaching the final version +
company visits (data triangulation)

The case research only focuses on manufacturing firms that have already used at least two 14.0
technologies. I only focused on the automotive industry; thus, only automotive companies were
targeted in my research. | tried to include not just OEMs, because there are some differences in
the supply chain, which should enrich my results. | wanted to exclude the small firms; the case
study firms should have at least 50 employees. This criterion was introduced due to the fact that
the technologies are more meaningful in case of larger firms. In total, 5 production plants are

being involved, (3 form Hungary and 2 from Romania), all of them are subsidiaries of

Source: own construction

automotive multinational companies (Table 2).

Table 2: Case study companies

Turnover
Firm code Type ST O.f Numberia (million Country
foundation employees
EUR)

1 OEM 1993 12,000 7,300 Hungary

2 Tier 1 1990 4,450 921 Hungary
supplier

3 Tier 1 2013 3,200 465 Romania
supplier

4 Tier 2 1992 1,335 190 Hungary
supplier

5 Tier 2 2004 200 11 Romania
supplier

In total 12 interviewees participated in the research; Table 3 describes the interviewees

involved.

Source: own construction
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6. Data and methodology

Table 3: Data about the specific interviews

Firm Number Number of
code of Interviewees Duration company Year
interviews Visits
(1) Project manager; (2) 14.0 (1) Oh 39m;
! 2 project manager (2) 1h 10m . 2022
(1) Lead engineer; (1) 1h 16m,
2 2 (2) 14.0 project manager (2) 1 hOm 0 2022
(1) HR manager; (1) Oh 42m,
3 2 (2) 14.0 project manager (2) Oh 28m . 2023
(1) Site leader; (1) Oh 58;
4 2 (2) 14.0 project manager (2) 1h 40m . 2022
(1) CEOG; (1) Oh 35m;
5 4 (2-3) 14.0 project managers;  (2-3-4) 1h 1 2022
(4) Team member 02m

Source: own construction

The projects presented at firm 1 and 2 and one project at firm 5 are more like incremental
innovation, those at firm 3 and 4 and the second project at firm 5 can be thought as radical
innovation (Table 4). In general, the projects analysed were closed from 6 months up to 18
months ago, thus the projects were not too old, but also not too young too; thus, the interviewees
were able to make the conclusions about the post-implementation phase too.

Table 4: The technologies analysed

Firm

code Type Country Technologies analysed
Internal software for the reworks
1 OEM Hungary Data processing software
9 Tier 1 suolier Hunaar Automated business reports
PP gary Digitization of production monitoring
. . . Supply chain information flow
3 Tier 1 supplier Romania AGVs (Autonomous Guided Vehicles)
4 Tier 2 supplier Hungary Intralogistics automation

AGVs (Autonomous Guided Vehicles)
RPA (Robotic Process Automation)
5 Tier 2 supplier Romania Digital tool for troubleshooting the production
equipment’s failures (maintenance)
Source: own construction

These technologies are not homogenous; they differ from each other in a lot of dimensions.
This could be a limitation of the research since | cannot focus on a particular type of 14.0
technology. But since all the mentioned technologies are new, they have one common

characteristic: to implement them, the people form the organization should be ready and willing
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7. Case analysis results

to work with something new for them. Thus, this is not technology-focused research; it is
focused only on the HR aspects of the adoption of the new digital technologies.

Fortunately, all interviewees agreed to make audio records. Thus, the transcripts were made
based on the audio file, by a special interview transcription software, but the rough output was
verified and corrected by me. The final transcripts from the 5 companies were analysed in a
specialized qualitative research software, in NVivo. With the help of this tool, | have coded the
relevant phrases from the transcripts (in total 172 pages). The relevant phrases were triple
coded, which means that one code refers to the organizational level, one code for the

implementation phase and one describes the phrase (e.g., is a particular skill, or activity).
7. Case analysis results

7.1. Code frequencies

Altogether 437 phrases were coded, belonging to a total of 155 distinguishable code categories.
Of the 155 different code categories 117 can be linked to the pre-implementation phase, 88 to
the during phase and 58 to the post-implementation phase. Because one code can be attributed
to more than one implementation stages and/or organizational levels at the same time, the sum
of the codes is not equal with the total number of codes. From the 155 different code categories,
129 can be linked to the managers, 64 to development experts and 27 to shop-floor employees
(Table 5).

Table 5: Code frequencies

Organizational levels Code type / Total Before During After | Total*
Activities 73 51 38 104
Managers Skills and competences 23 17 4 25
Total of managers 96 68 42 129
Activities 23 18 16 38
Development experts Skills and competences 23 15 7 26
Total of development experts 46 33 23 64
Activities 6 3 4 10
Shop-floor employees Skills and competences 8 7 10 17
Total of shop-floor employees 14 10 14 27
Total* 117 88 58 155

*Total is not the sum of the categories, since one code category can be used in more organizational levels and

implementation phases.

Source: own construction
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7. Case analysis results

7.2. The 14.0 activities identified

Based on the interviews, | have identified 113 activities. Since the interviewees highlighted that
14.0 project implementation is very similar to other projects, when | have grouped the 113
activities, | have used an Operations Management framework (Slack et al., 2007). Finally, 1
have made 18 main activity categories (Table 6). It is important to highlight that these categories
fit well in the chosen Operation Management framework, every element has at least one

identified activity from the interviews.

Table 6: The main 14.0 activity categories identified

—

5 o g, | 58

o - = @ To] < ™ N — % g_ £ ...—2 a>.)‘

Activity categories sg | E|E|E|E|E|] ¢ | 28| &2

EC|T|I|T|T|I| & s x| o2

z > 2° | £§

o

o g DG v [+ [ 2 [ 3| 1| dn [ wesm | Low
Data management 3 1 1 1 0 0 Medium High Low
T o s (e[ he | o | o
Failure prevention 2 1 0 0 1 0 High Medium Low
Goal setting 1 1 1 1 1 High Low Low
14.0 technology integration 4 1 1 1 1 0 High Medium Low
Job design and work organization 1 1 1 1 1 High Low Low
;”h(;"r‘]"c‘;‘:ﬁ‘:nstha””g and knowledge 1 1 1 1 1 High Medium Low
Meet stakeholder requirements 1 1 1 1 1 High Medium Low
New idea generation 1 1 0 1 1 High Low Low
Operations improvement 0 1 1 0 0 High Low Low
Post-implementation control 0 1 0 0 0 High Low Low
Presenting the project and reporting ‘ 1 1 1 1 1 High Low Low
Project planning ‘ 1 1 1 1 1 High Low Low
Regular project control ‘ 1 1 1 1 1 High Low Low
Savings and profit calculation 0 1 0 1 0 High Medium Low
Step-by-step implementation ‘ 1 1 1 1 1 High Medium Low
Team coordination ‘ 1 1 1 1 1 High Low Low

Source: own construction based on Slack et al. (2007)

The three main organizational levels have different duties; therefore, the dominant activity
types differ too. General project management activities are predominant when companies try to
implement an 14.0 solution. In the before phase, in the case of managers, the most frequently
mentioned activity categories are linked to the planning process and meeting the stakeholders’
requirements (e.g., top-management, users, employees) (Table 7). During the implementation,
the step-by-step implementation, regular project control and making the financial calculations

will become the most relevant activities. Since 14.0 solution often generates a lot of data, data
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7. Case analysis results

management and ensuring data security will be on the top of the managers to-do list. Similarly,
managing the changes on the job and within the organization will also have a priority among
the tasks, since based on the interview’s relocation and new carrier path planification will
become an urgent task. After the scale-up phase, managers should be able to cope with a larger

and more complex system.

Table 7: The main 14.0 activity categories identified in case of managers

" . Implementation

@ Sample companies

@ phases
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Job design and work organization 1 1 1 1 1 12 12 15
14.0 technology integration | 4 | 1 1 1 1 0 20 3 3
Meet stakeholder requirements | 1 1 1 1 1 12 3 0
Goal setting | 1 1 1 1 1 14 0 0
Failure prevention 1 0 0 0 1 0 1 0 1
New idea generation 3 1 1 0 0 1 7 3 3
Operations improvement 2 0 1 1 0 0 2 3 3
Step-by-step implementation 4 0 1 1 1 1 2 5 3
Savings and profit calculation 2 0 1 0 1 0 1 1 0
Data management 2 1 0 1 0 0 0 1 3
Presenting the project and reporting | 1 1 1 1 1 3 2 13
Post-implementation control 0 1 0 0 0 0 3 5
Regular project control | 1 1 1 1 1 14 13 3
Project planning | 1 1 1 1 1 10 2 1
Cooperation with other organizations, 1 1 1 1 1 2 20 5
departments, experts and robots
Team coordination ‘ 1 9 4 5
Knowledge sharing and knowledge enhancement \ 1 1 1 1 1 18 7 9
Ensure the necessary material and immaterial 4 1 1 1 0 1 9 1 3
resources

*Number of phrases coded

Source: own construction

The development experts are mostly a neglected category in the literature, but their special
knowledge and network can be a game changer in the 14.0 deployment (Table 8). For example,
at firm 4 there is an “expert network” for project troubleshooting. Therefore, for a successful
implementation in the before phase, development experts should cooperate with other plants,
departments, and experts to come up with the most relevant innovative ideas. During the
implementation they should have some regular project control tasks, in addition cooperation
and knowledge sharing, and enhancement will be crucial too. After the implementation, the
development experts will be responsible for failure prevention activities and data management

activities.
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7. Case analysis results

Table 8: The main 14.0 activity categories identified in case of development experts

. Implementation

— Sample companies

5 phases
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Activity categories 28 ||W S @)= © o X
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14.0 technology integration 3 0 1 1 1 0 2 0 1
Meet stakeholder requirements 4 1 0 1 1 1 3 2 0
Goal setting 1 0 0 0 1 0 2 0 0
Failure prevention 2 1 0 0 1 0 0 0 2
New idea generation 2 0 0 0 1 1 5 0 0
Operations improvement 1 0 0 1 0 0 1 1 1
Step-by-step implementation 2 1 0 0 0 1 8 2 1
Savings and profit calculation 1 0 0 0 1 0 0 0 1
Data management 3 1 1 1 0 0 1 2 5
Presenting the project and reporting 1 0 0 0 1 0 0 1 1
Regular project control 4 1 1 0 1 1 1 4 1
Cooperation with other organizations, 1 1 1 1 1 12 13 3
departments, experts and robots
Team coordination 110 0i01{0 0 1 0
Knowledge sharing and knowledge 1 1 1 1 1 8 12 10
enhancement

*Number of phrases coded

Source: own construction

Turning to the shop-floor employees, in the before phase, they should be involved in the
planning process, since the companies mentioned that they can generate valuable ideas too
(Table 9). During the implementation, the shop-floor employees must enhance their knowledge
in order to be able to work with the new digital technologies. Based on the case studies, after
the 14.0 implementation, traditional operators will become “operator 4.0” (e.g., Romero et al.,

2016), where problem-solving activities and system supervising activities will be dominant.

Table 9: The main 14.0 activity categories identified in case of shop-floor employees

@ | Sample companies i EICHTER T
a P P phases
(&S]
- : kS x
Activity categories U e N R S N % o ¥
[<5] 1. [
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=2
New idea generation 2 0 1 0 0 1 2 0 0
Step-by-step implementation 1 0 0 0 0 1 1 1 0
Post-implementation control 1 0 1 0 0 0 0 0 1
Cooperation with other organizations, departments, 1 0 0 0 0 1 0 0 1
experts, and robots
Team coordination 1 0 0 0 0 1 2 0 0
Knowledge sharing and knowledge enhancement _| 1 1 0 0 1 2 3 4

*Number of phrases coded
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Source: own construction

If we take a look at the major category codes, knowledge sharing and enhancement is the single
one which is a highly relevant task for every organizational level (Figure 6). This means that
the 14.0 has one similar effect on every organizational level, and mainly requires from them to

enhance and share their knowledge and acquire new skills.

Figure 6: The main 14.0 activities identified summarized by organizational levels

e \anagers === Development experts Shop-floor employees

Cooperation with other
organizations, departments, experts
and robots

Team coordination Data management

Ensure the necessary material and

Step-hy-step implementation immaterial resources

Savings and profit calculation Failure prevention

Regular project control Goal setting

Project planning 14.0 technology integration

Presenting the project and reporting Job design and work organization

nowledge sharing and

Post-implementation control
enhancement

Operations improvement Meet stakeholder requirements
New idea generation

Source: own construction

7.3. The 14.0 skills and competences identified

The activities identified require a diverse skillset. Based on the 5 cases, | have identified 42
different skills and competences, which are required if a company wants to implement an 14.0
technology. The 42 skills and competencies were grouped into 9 main categories (Table 10).
These skills have different importance for the different organizational levels (e.g., digital skills

are very important for development experts, but less important for managers).
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Table 10: The main 14.0 skill and competence categories identified
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Main skill categories 2¢a E E|E|E|E ¢ | S8 | &2
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Adaptation skills 3 1 0 0 1 1 Medium Low Medium
Coghnitive skills 1 1 1 1 1 Medium | Medium Low
Digital skills 1 1 1 1 1 Low Medium | Medium
Innovativeness, openness to the new 1 1 1 1 1 Medium High High
Knowledge about the production 3 1 1 0 0 1 Medium High Medium
Learning and developing 3 1 0 1 1 0 Low High Medium
Managerial, business skills | 1 1 1 1 1 High Low Low
Soft skills | 4 |1 0 1 1 1 High High | Medium
Specialized knowledge 1 1 1 1 1 High Medium Low

Source: own construction

Innovativeness, openness to the new was mentioned by all case study companies, this skillset

being especially a priority for 14.0 managers (Table 11). This skillset has the most important

role before the 14.0 implementation, but it is also relevant during the implementation. This can

be explained by the activities: in the before phase, there are many new impulses and new

solutions, which require an innovative and open-minded attitude from managers. During the

implementation, further new issues can emerge, thus this skill category remains an important

one. After the implementation, basically only the maintenance of the implemented 14.0 solution

is the dominant activity, which is not a very innovative process, thus innovativeness and

openness to the new become less relevant skills for managers.

Table 11: The main 14.0 skill and competency categories identified for managers

” . Implementation
L Sample companies
@ phases
o
S X
Main skill categories O I T R B T I e T S o | %
8 | EiE EIE| & £ o
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Z
Adaptation skills 1 0 0 0 1 0 3 3 0
Cognitive skills 3 0 1 1 1 0 3 1 1
Digital skills 1 0 0 0 0 1 3 2 0
Innovativeness, openness to the new -I 1 1 1 1 1 6 4 1
Knowledge about the production 2 0 1 0 0 1 4 2 0
Managerial, business skills 3 0 0 1 1 1 9 9 2
Soft skills 2 0 0 1 1 0 2 1 0
Specialized knowledge 3 0 1 1 0 1 7 2 0

*Number of phrases coded.

Source: own construction
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All the nine skill categories were mentioned in the case of development experts (Table 12).
Thus, development experts must acquire the most diverse skillset since they have the most
encompassing tasks. All the companies mentioned that digital skills are necessary for
development experts. This skillset is mainly useful before and during the implementation. Four
of the five companies mentioned at least one code related to: cognitive skills; innovativeness,
openness to the new; and specialized knowledge. All of them are necessary along the whole
implementation journey, but predominantly in the pre-implementation and post-
implementation phases. Further categories were mentioned by three case companies: learning
and developing; managerial, business skills; and soft skills. Surprisingly, managerial and
business skills are required for development experts too. Given that they are responsible for the
proper functioning of the 14.0 technology, e.g., decision-making skills, creating a vision for the

future and problem-solving skills are useful for a development expert too.

Table 12: The main 14.0 skill and competency categories identified for development experts

. Implementation
Y— Sample companies
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Adaptation skills 1 1 0 0 0 0 1 0 0
Cognitive skills 4 1 1 0 1 1 5 2 1
Digital skills 1 1 1 1 1 5 3 0
Innovativeness, openness to the new 4 1 0 1 1 1 6 1 1
Knowledge about the production 2 1 1 0 0 0 2 1 0
Learning and developing skills 3 1 0 1 1 0 4 4 1
Managerial, business skills 3 1 0 1 1 0 2 2 2
Soft skills 3 0 0 1 1 1 6 2 0
Specialized knowledge 4 1 1 1 1 0 10 9 2

*Number of phrases coded.

Source: own construction

In the case of shop-floor employees, the innovativeness, openness group was mentioned by
four different companies (Table 13). Blayone and VanOostveen (2021) and Stentoft et al.
(2021) also claim that the right skills and competences should be complemented by the
willingness of shop-floor employees to use new digital technologies. This skillset is already
highlighted in the pre-implementation phase, but the importance increases along the journey
and is the highest after the implementation, because without these skills the shop-floor
employees will not use the 14.0 solution or will use it in an inappropriate way - none of these

situations being ideal. Even though it is possible that an employee’s job is replaced by a
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machine, in most cases it did not involve layoffs, only relocations to other jobs with labour
shortages. These relocations often entail the (re)training of the employees. Basically, the

elementary digital skills are required, many employees being sent to trainings to acquire these
skills.

Table 13: The 14.0 skill and competency main categories identified for shop-floor employees
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Adaptation skills 2 1 0 0 0 1 1 0 1
Cognitive skills 2 1 0 0 0 1 1 0 3
Digital skills 2 0 0 1 0 1 0 1 2
Innovativeness, openness to the new ; 1 1 0 1 1 3 5 7
Knowledge about the production 1 0 1 0 0 0 1 0 0
Learning and developing skills 2 0 0 1 1 0 1 2 2
Managerial, business skills 2 0 1 0 1 0 1 1 1
Soft skills 2 1 0 0 0 1 3 1 1

*Number of phrases coded
Source: own construction

Since this study applies a holistic approach, | can compare the managers, the development
experts, and the shop-floor employee’s skills (Figure 7). Innovativeness, openness to the new
is the only one category, which was mentioned frequently in every organizational level, but the

remaining ones has different importance.
Figure 7: The comparison of the different organizational levels’ skill and competency profile
e \anagers == Development experts Shop-floor employees

Adapstation skills
Learning and developing

skills 4 Cognitive skills
3
Specialized knowledge 1\(\ Digital skills
Soft skills Innovativeness, openness to
the new

Knowledge about the

Managerial, business skills .
production

Source: own construction
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8. Discussion

7.4.14.0 implementation roadmap

Based on the case analysis, a holistic picture can be offered about the skills and activities by

implementation phases and organizational groups — I named it the 14.0 implementation roadmap

(Figure 8). In this roadmap the main actions and necessary knowledge, skills, and abilities are

synthetized, with the intention of assisting practitioners in the 14.0 implementation process and

enhancing the previous findings by providing a more thorough understanding of the effects of

14.0 technologies on human resources. The adoption of 14.0 has an impact on managers,

development experts (typically from diverse fields), and shop-floor employees too. The

requirement for a holistic strategy in relation to the HR aspects of the adoption of an 14.0

solution is supported by the fact that in many circumstances, different organizational levels

must collaborate to solve the puzzle.

Figure 8: The summary from the 14.0 implementation roadmap

(a) Implementation
stages

{b) Organizational
levels

A Key activities
L

Managers
Key skills and
abilities

Key activities

&

Development
BarEiy Key skills and

abilities

Key activities

Shop-floor
employees Key skills and
abilities

©

Goal sefting; Meet stakeholders
requirements; 14.0 technology
integration; Project planning.

Before

Special knowledge; Soft skalls:
Knowledge about the production.

®

Step-by-step implementation: Regular
project control; Saving and profit
calculations; Operations improvement.

During

Adaptability; Managerial. business
skills; Dgital skills

©

Data management; Job design and
work organization: Presenting the
project and reporting.

After

Cognitive skills; Managerial, business
skills

New idea generation; Cooperation with
other organizations, departments,
experts and robots.

Regular project control; Cooperation
with other organizations, departments,
experts and robots: Knowledge sharing

and enhancement.

Adaptability: Soft skills;
Innovativeness, openness to the new;
Knowledge about the production.

Learning and developing skills: Special
knowledge:; Digital skills

Failure prevention; Data management;
Knowledge sharing and enhancement.

Managerial, business skills; Cognitive
skills; Innovativeness, openness to the
new.

New idea generation.

Knowledge about the production; Soft
skills: Adaptability.

Knowledge sharing and enhancement:
Step-by-step implementation;
Cooperation with other organizations,
departments, experts and robots .

Learning and developing skills;
Innovativeness, openness to the new,
Digital skills.

Knowledge sharing and enhancement:
Team coordination; Cooperation with
other organizations, departments,
experts and robots.

Cognitive skills; Digital skills;
Adaptability.

Source: own construction

8. Discussion

This study offers a more nuanced perspective on the interplay between human resources and

the adoption of digital manufacturing technology in a context of multiphase technology

implementation, expanding upon the restricted focus of previous human-related studies in the

14.0 literature stream.
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9. Practical relevance

One of the most important findings is that from the identified skills every organizational level
should have innovativeness and openness to the new to reach a successful 14.0 implementation.
Thus, managers should focus on activities of generation of new ideas (e.g., maintaining a
system, which support the innovative ideas; managing the flow of the innovative ideas;

supporting the new ideas; rewarding the innovative ideas etc.) in the before and during phase.

One of the biggest issues could be finding the appropriate development experts for an 14.0
implementation. Going forward, the success of 14.0 technology implementation could be based
on the development expert’s expertise, because without this the project can be started, but
cannot be ended with success. This research showed that this organizational level should be put

in the focus of the 14.0 adoption, even if the importance of managers is unquestionable.

Shop-floor employees should be involved even before 14.0 implementation. Based on the
interviews, this can help also to tackle the biggest 14.0 barrier, the resistance and fear of change.
Early shop-floor involvement also could help with the generation of new ideas. These results
can contribute to the literature, since, based on the interviews, shop-floor employees have a

significant activity in the before phase too.

Regarding the implementation phases, this research pointed out that the before phase is the most
important one, basically this predefines the whole 14.0 implementation. Here the managers and
the development experts have the most significant role, but the shop-floor employees cannot be

left out from this phase, as my research underlined before.

9. Practical relevance

From a practical perspective, the results are intended to offer managers responsible for 14.0 an
implementation tool to help them to identify the most crucial tasks, abilities, and knowledge
needed along the way to an effective digital technology adoption in manufacturing firms. But
besides the 14.0 roadmap, based on the research, 10 practical pieces of advice can be formulated

as well, which are easy to use for a successful 14.0 implementation (Figure 9).
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10. Future research and limitations

Figure 9: Summary of the key practical takeaways for 14.0 implementation

Step 0 Why Industry 4.0?
Technical side Align the 14.0 technologies!
] If you want innovation, create a system which maintains it and leave
Innovation . .
time for it!
Create the linkage between
. Create knowledge: connect .
Connections - development and production
people who can contribute! ,
areas!
Human side 14.0 competencies Build up your own 14.0 competencies!
. Sometimes you Prepare for the
People of 14.0 Find pegple who are should be a retraining and
truly interested! .
nutcracker! relocations!
14.0 users Involve, ask the users if you don’t know what they want!

Source: own construction

10. Future research and limitations

Promising further research direction can emerge from this study. Based on the interviews, the

shop-floor employees have a less important role in the 14.0 adoption, thus further studies can

examine why is this. This question also points out one of the limitations: |1 have made the

interviews just with managers, which means that their role and their activities could be

overrepresented, because everybody knows best their work, thus they can talk about that in

detail. Another limitation is the small number of firms and the narrow regional focus (just

2Eastern-European countries). In further studies I can add more companies, or even could make

interviews with development experts and shop-floor employees too. These technologies

analysed differ from each other in a lot of dimensions. This also could be a limitation of the

research: I was not able to focus on a particular type of 14.0 technology. The nature of this study

is qualitative; thus, the results are not generalizable, which is also a limitation.

29




References

References

Scientific articles:

Agarwal, V., Mathiyazhagan, K., Malhotra, S., Saikouk, T. (2021). Analysis of challenges in
sustainable human resource management due to disruptions by Industry 4.0: an emerging
economy perspective. International Journal of Manpower. Vol. ahead-of-print, No. ahead-of-
print. (10.1108/1JM-03-2021-0192)

Agostini, L., Filippini, R. (2019). Organizational and managerial challenges in the path toward
Industry 4.0. European Journal of Innovation Management. 22(3), 406-421. (10.1108/EJIM-
02-2018-0030)

Ancillo, A. D. L., Gavrila, S. G., del Castillio Diez, J. R. F., Beseler, J. C. (2021). LATAM and
Spanish SME barriers to Industry 4.0. Academia Revista Latinoamericana de Administracion.
Vol. ahead-of-print, No. ahead-of-print. (10.1108/ARLA-07-2021-0137)

Badri, A., Boudreau-Trudel, B., Souissi, A. S. (2018). Occupational health and safety in the
industry 4.0 era: A cause for major concern? Safety Science. 109, 403-411.
(10.1016/j.ssci.2018.06.012)

Bajic, B., Rikalovic, A., Suzic, N., Piuri, V. (2021). Industry 4.0 Implementation Challenges
and Opportunities: A Managerial Perspective. IEEE Systems Journal. 15(1), 546-559.
(10.1109/JSYST.2020.3023041)

Blayone, T. J. B, VanOostveen, R. (2021). Prepared for work in Industry 4.0? Modelling the
target activity system and five dimensions of worker readiness. International Journal of
Computer Integrated Manufacturing. 34(1), 1-19. (10.1080/0951192X.2020.1836677)

Blayone, T. J. B., VanOostveen, R. (2021). Prepared for work in Industry 4.0? Modelling the
target activity system and five dimensions of worker readiness. International Journal of
Computer Integrated Manufacturing. 34(1), 1-19. (10.1080/0951192X.2020.1836677)

Buchi, G., Cugno, M., Castagnoli, R. (2020). Smart factory performance and Industry 4.0.
Technological Forecasting and Social Change, 150, 119790. (10.1016/j.techfore.2019.119790)

Cagliano, R., Canterino, F., Longoni, A., Bartezzaghi, E. (2019). The interplay between smart
manufacturing technologies and work organization: The role of technological complexity.
International Journal of Operations & Production Research. 39(6/7/8), 913-934.
(10.1108/1JOPM-01-2019-0093)

Calabrese, A., Ghiron, N. L., Tiburzi, L. (2021). 'Evolutions' and 'revolutions' in manufacturers'
implementation of industry 4.0: a literature review, a multiple case study, and a conceptual
framework. Production Planning & Control. 32(3), 213-227.
(10.1080/09537287.2020.1719715)

Calitz, A., Poisat, P., & Cullen, M. (2017). The future African workplace: The use of
collaborative robots in manufacturing. Journal of Human Resource Management, 15(1), 1-11.
(10.4102/sajhrm.v15i0.901)

Cardoso, R. D., de Lima, E. P., da Costa, S. E. G. (2012). Identifying organizational
requirements for the implementation of Advanced Manufacturing Technologies (AMT).
Journal of Manufacturing Systems. 31(3), 367-378. (10.1016/j.jmsy.2012.04.003)

Cater, T., Cater, B., Cerne, M., Koman, M., Redek, T. (2021). Industry 4.0 technologies usage:
motives and enablers. Journal of Manufacturing Technology Management. 32(9), 323-345.
(10.1108/JIMTM-01-2021-0026)

30



References

Chaka, C. (2020). Skills, competencies and literacies attributed to 4IR/Industry 4.0: Scoping
review. IFLA Journal, 46(4), 369-399. (10.1177/0340035219896376)

Chatterjee, S., Rana, N. P., Dwivedi, Y. K., Baabdullah, A. M. (2021). Understanding Al
adoption in manufacturing and production firms using an integrated TAM-TOE model.
Technological Forecasting and Social Change. 170, 120880. (10.1016/j.techfore.2021.120880)

Chin, T. C,, Li, G. Y., Jiao, H., Addo, F., Jawahar, I. M. (2019). Career sustainability during
manufacturing innovation A review, a conceptual framework and future research agenda.
Career Development International. 24(6), 509-528. (10.1108/CDI-02-2019-0034)

Cimini, C., Boffelli, A., Lagorio, A., Kalchschmidt, M., Pinto, R. (2021). How do industry 4.0
technologies influence organisational change? An empirical analysis of Italian SMEs. Journal
of Manufacturing Technology Management. 32(3), 695-721. (10.1108/JMTM-04-2019-0135)

Cirillo, V., Rinaldini, M., Staccioli, J., Virgillito, M. E. (2021). Technology vs. workers: the
case of Italy's Industry 4.0 factories. Structural Change and Economic Dynamics. 56, 166-183.
(10.1016/j.strueco.2020.09.007)

Costa, F., & Portioli-Staudacher, A. (2021). Labor flexibility integration in workload control in
Industry 4.0 era. Operations Management Research, 14(3), 420-433. (10.1007/s12063-021-
00210-2)

Csiki, O., Demeter, K., & Losonci, D. (2023). How to improve firm performance?—The role of
production capabilities and routines. International Journal of Operations & Production
Management, (ahead-of-print). (10.1108/IJOPM-03-2022-0221)

Cugno, M., Castagnoli, R., Buchi, G. (2021). Openness to Industry 4.0 and performance: The
impact of barriers and incentives. Technological Forecasting and Social Change. 168, 120756.
(10.1016/j.techfore.2021.120756)

Culot, G., Nassimbeni, G., Orzes, G., Sartor, M. (2020). Behind the definition of Industry 4.0:
Analysis and open questions. International Journal of Production Economics. 226, 107617.
(10.1016/j.ijpe.2020.107617)

Da Silva, V. L., Kovaleski, J. L., Pagani, R. N., Silva, J. D., Corsi, A. (2020). Implementation
of Industry 4.0 concept in companies: Empirical evidences. International Journal of Computer
Integrated Manufacturing. 33(4), 325-342. (10.1080/0951192X.2019.1699258)

Demeter, K., Losonci, D., Nagy, J. (2020). Road to digital manufacturing—a longitudinal case-
based analysis. Journal of Manufacturing Technology Management. 32(3), 820-839.
(10.1108/JMTM-06-2019-0226)

Dhalmahapatra, K., Maiti, J., Krishna, O. B. (2021). Assessment of virtual reality based safety
training simulator for electric overhead crane operations. Safety Science. 139, 105241.
(10.1016/j.5s€i.2021.105241)

Durach, C., Kembro, J., Wieland, A. (2017). A new paradigm for systematic literature re-views
in supply chain management. Journal of Supply Chain Management. 53(4), 67-85.
(10.1111/jscm.12145)

Dwivedi, G., Srivastava, S. K., Srivastava, R. K. (2017). Analysis of barriers to implement
additive manufacturing technology in the Indian automotive sector. International Journal of
Physical Distribution & Logistics Management. 47(10), 972-991. (10.1108/IJPDLM-07-2017-
0222)

Fatorachian, H., Kazemi, H. (2018). A critical investigation of Industry 4.0 in manufacturing:
theoretical operationalisation framework. Production Planning & Control. 29(8), 633-644.
(10.1080/09537287.2018.1424960)

31



References

Flores, E., Xu, X., Lu, Y. (2020). Human Capital 4.0: a workforce competence typology for
Industry 4.0. Journal of Manufacturing Technology Management. 31(4), 687-703.
(10.1108/JMTM-08-2019-0309)

Foster-McGregor, N., Nomaler, O., Verspagen, B. (2021). Job automation risk, economic
structure  and trade: a European  perspective. Research  Policy. 1042609.
(10.1016/j.respol.2021.104269)

Golan, M., Cohen, Y., Singer, G. (2020). A framework for operator - workstation interaction in
Industry 4.0. International Journal of Production Research. 58(8), 2421-2432.
(10.1080/00207543.2019.1639842)

Horvath, D., Szabd, R. Z. (2019). Driving forces and barriers of Industry 4.0: Do multinational
and small and medium-sized companies have equal opportunities? Technological Forecasting
and Social Change. 146, 119-132. (10.1016/j.techfore.2019.05.021)

Ito, A., Ylipaa, T., Gullander, P., Bokrantz, J., Centerholt, V., Skoogh, A. (2021). Dealing with
resistance to the use of Industry 4.0 technologies in production disturbance management.
Journal of Manufacturing Technology Management. 32(9), 285-303. (10.1108/JMTM-12-
2020-0475)

Jerman, A., Bach, MP., Aleksic, A. (2020). Transformation towards smart factory system:
Examining new job profiles and competencies. Systems Research and Behavioral Science.
37(2), 388-402. (10.1002/sres.2657)

Johansson, S., Kullstrom, M., Bjork, J., Karlsson, A., Nilsson, S. (2021). Digital production
innovation projects - The applicability of managerial controls under high levels of complexity
and uncertainty. Journal of Manufacturing Technology Management. 32(3), 772-794.
(10.1108/JMTM-04-2019-0145)

Kagermann, H., Wolfgang, W., Johannes, H. (2013). Recommendations for Implementing the
Strategic Initiative INDUSTRIE 4.0. Berlin: Industrie 4.0 Working Group of Acatech.

Karadayi-Usta, S. (2020). An Interpretive Structural Analysis for Industry 4.0 Adoption
Challenges. IEEE Transition on Engineering Management. 67(3), 973-978.
(10.1109/TEM.2018.2890443)

Kauppi, K., Brandon-Jones, A., Ronchi, S., van Raaij, E. M. (2013). Tools without skills:
Exploring the moderating effect of absorptive capacity on the relationship between e-
purchasing tools and category performance. International Journal of Operations & Production
Research. 33(7), 828-857. (10.1108/1JOPM-12-2011-0445)

Kaur, R., Awasthi, A., & Grzybowska, K. (2020). Evaluation of key skills supporting industry
4.0—a review of literature and practice. Sustainable Logistics and Production in Industry 4.0:
New Opportunities and Challenges, 19-29. (10.1007/978-3-030-33369-0_2)

Kazancoglu, Y., Ozkan-Ozen, Y. D. (2018). Analyzing Workforce 4.0 in the Fourth Industrial
Revolution and proposing a road map from operations management perspective with fuzzy
DEMATEL. Journal of Enterprise Information Management. 31(6), 891-907. (10.1108/JEIM-
01-2017-0015)

Lee, J., Bagheri, B., Kao, H.A. (2015). A cyber-physical systems architecture for industry 4.0-
based manufacturing systems. Manufacturing Letters. 3, 18-23. (10.1016/j.mfglet.2014.12.001)

Liao, Y., Deschamps, F., Loures, E. D. F. R., Ramos, L. F. P. (2017). Past, present and future
of Industry 4.0-a systematic literature review and research agenda proposal. International
Journal of Production Research. 55(12), 3609-3629. (10.1080/00207543.2017.1308576)

32



References

Liboni, L. B., Cezarino, L. O., Jabbour, C. J. C., Oliveira, B. G., Stefanelli, N. O. (2019). Smart
industry and the pathways to HRM 4.0: implications for SCM. Supply Chain Management: An
International Journal. 24(1), 124-146. (10.1108/SCM-03-2018-0150)

Malik, N., Tripathi, S. N., Kar, A. K., Gupta, S. (2021). Impact of artificial intelligence on
employees working in industry 4.0 led organizations. International Journal of Manpower. Vol.
ahead-of-print, No. ahead-of-print. (10.1108/1JM-03-2021-0173)

Margherita, E. G., Braccini, A. M. (2021). Managing industry 4.0 automation for fair ethical
business development: A single case study. Technological Forecasting and Social Change.
172, 121048. (10.1016/j.techfore.2021.121048)

Marnewick, C., Marnewick, A. L. (2020). The Demands of Industry 4.0 on Project Teams.
IEEE Transition on Engineering Management. 67(3), 941-949. (10.1109/TEM.2019.2899350)

McCutcheon, D. M., & Meredith, J. R. (1993). Conducting case study research in operations
management. Journal of Operations Management, 11(3), 239-256. (10.1016/0272-
6963(93)90002-7)

Mishra, H., Venkatesan, M. (2021). Blockchain in human resource management of
organizations: an empirical assessment to gauge HR and non-HR perspective. Journal of
Organizational Change Management. 34(2), 525-542. (10.1108/JOCM-08-2020-0261)

Mittal, S., Khan, M. A., Purohit, J. K., Menon, K., Romero, D., Wuest, T. (2020). A smart
manufacturing adoption framework for SMEs. International Journal of Production Research.
58(5), 1555-1573. (10.1080/00207543.2019.1661540)

Moeuf, A., Lamouri, S., Pellerin, R., Tamayo-Giraldo, S., Tobon-Valencia, E., Eburdy, R.
(2020). Identification of critical success factors, risks and opportunities of Industry 4.0 in
SMEs. International Journal of Production Research. 58(5), 1384-1400.
(10.1080/00207543.2019.1636323)

Mohelska, H., Sokolova, M. (2018). Management approaches for Industry 4.0-the
organizational culture perspective. Technological and Economic Development of Economy.
24(6), 2225-2240. (10.3846/tede.2018.6397)

Nayernia, H., Bahemia, H., Papagiannidis, S. (2021). A systematic review of the
implementation of industry 4.0 from the organisational perspective. International Journal of
Production Research, 60(14), 4365-4396. (10.1080/00207543.2021.2002964).

Neumann, W. P., Winkelhaus, S., Grosse, E. H., Glock, C. H. (2021). Industry 4.0 and the
human factor - A systems framework and analysis methodology for successful development.
International Journal of Production Economics. 233, 107995. (10.1016/j.ijpe.2020.107992)

Niaki, M. K., Nonino, F. (2017). Additive manufacturing management: a review and future
research agenda. International Journal of Production Research. 55(5), 1419-1439.
(10.1080/00207543.2016.1229064)

Nicolas-Agustin, A., Jimenez-Jimenez, D., Maeso-Fernandez, F. (2021). The role of human
resource practices in the implementation of digital transformation. International Journal of
Manpower. VVol. ahead-of-print, No. ahead-of-print. (10.1108/1JM-03-2021-0176)

Olsen, T. L., Tomlin, B. (2020). Industry 4.0: Opportunities and challenges for operations
management. Manufacturing & Service Operations Management. 22(1), 113-122.
(10.1287/msom.2019.0796)

Osterrieder, P., Budde, L., Friedli, T. (2020). The smart factory as a key construct of industry
4.0: A systematic literature review. International Journal of Production Economics. 221,
107476. (10.1016/j.ijpe.2019.08.011)

33



References

Ozkan-Ozen, YD., Kazancoglu, Y. (2021). Analysing workforce development challenges in the
Industry 4.0. International Journal of Manpower. Vol. ahead-of-print, No. ahead-of-print.
(10.1108/1IM-03-2021-0167)

Rampersad, G. (2020). Robot will take your job: Innovation for an era of artificial intelligence.
Journal of Business Research, 116, 68-74. (10.1016/j.jbusres.2020.05.019)

Sadeghi Moghadam, M. R., Ghasemnia Arabi, N., & Khoshsima, G. (2021). A review of case
study method in operations management research. International Journal of Qualitative
Methods, 20, 16094069211010088. (10.1177/16094069211010088)

Schneider, P. (2018). Managerial challenges of Industry 4.0: an empirically backed research
agenda for a nascent field. Review of Managerial Science. 12(3), 803-848. (10.1007/s11846-
018-0283-2)

Schneider, P., Sting, F. J. (2020). Employees’ perspectives on digitalization-induced change:
Exploring frames of industry 4.0. Academy of Management Discoveries. 6(3), 406-435.
(10.5465/amd.2019.0012)

Selvarajoo, S., Ghazilla, R. A. R., Mamat, A. (2021). Industrial practices of collaborative
manufacturing involving tool and die development: Malaysian perspective. Journal of
Manufacturing Technology Management. 32(2), 485-505. (10.1108/JMTM-07-2019-0266)

Seuring, S., Gold, S. (2012). Conducting content-analysis based literature reviews in supply
chain management. Supply Chain Management: An International Journal. 17(5), 544-555
(10.1108/13598541211258609)

Shet, S. V., Pereira, V. (2021). Proposed managerial competencies for Industry 4.0-Implications
for social sustainability. Technological Forecasting and Social Change. 173, 121080.
(10.1016/j.techfore.2021.121080)

Shin, W. S., Seok Leeg, Y., Dahlgaard, J. J. (2019). A pattern-based decision framework in the
era of Industry 4.0. Total Quality Management & Business Excellence. 30, S158-S181.
(10.1080/14783363.2019.1665840)

Singh, R. K., Agrawal, S., Modgil, S. (2021). Developing human capital 4.0 in emerging
economies: an industry 4.0 perspective. International Journal of Manpower. Vol. ahead-of-
print, No. ahead-of-print. (10.1108/1JM-03-2021-0159)

Sony, M., & Mekoth, N. (2022). Employee adaptability skills for Industry 4.0 success: a road
map. Production & Manufacturing Research, 10(1), 24-41. (10.1080/21693277.2022.2035281)

Stadnicka, D., Antonelli, D. (2019). Human-robot collaborative work cell implementation
through lean thinking. International Journal of Computer Integrated Manufacturing, 32(6),
580-595. (10.1080/0951192X.2019.1599437)

Stentoft, J., Wickstrom, K. A., Philipsen, K., Haug, A. (2021). Drivers and barriers for Industry
4.0 readiness and practice: empirical evidence from small and medium-sized manufacturers.
Production Planning & Control. 32(10), 811-828. (10.1080/09537287.2020.1768318)

Stentoft, J., Wickstrom, K. A., Philipsen, K., Haug, A. (2021). Drivers and barriers for Industry
4.0 readiness and practice: empirical evidence from small and medium-sized manufacturers.
Production Planning & Control. 32(10), 811-828. (10.1080/09537287.2020.1768318)

Stornelli, A., Ozcan, S., Simms, C. (2021). Advanced manufacturing technology adoption and
innovation: A systematic literature review on barriers, enablers, and innovation types. Research
Policy. 50(6), 104229. (10.1016/j.respol.2021.104229)

34



References

Szész, L., Demeter, K., Racz, B.-G., Losonci, D. (2021). Industry 4.0: a review and analysis of
contingency and performance effects. Journal of Manufacturing Technology Management.
32(3), 667-694. (10.1108/JMTM-10-2019-0371)

Tortorella, G., Miorando, R., Caiado, R., Nascimento, D., Staudacher, A. P. (2021). The
mediating effect of employees' involvement on the relationship between Industry 4.0 and
operational performance improvement. Total Quality Management & Business Excellence.
32(1-2), 119-133. (10.1080/14783363.2018.1532789)

Tranfield, D., Denyer, D., Smart, P. (2003). Towards a methodology for developing evidence-
informed management knowledge by means of systematic review. British Journal of
Management. 14(3), 207-222. (10.1111/1467-8551.00375)

Ukobitz, D. V. (2021), Organizational adoption of 3D printing technology: a semisystematic
literature review. Journal of Manufacturing Technology Management. 32(9), 48-74.
(10.1108/JMTM-03-2020-0087)

Vereycken, Y., Ramioul, M., Desiere, S., Bal, M. (2021). Human resource practices
accompanying industry 4.0 in European manufacturing industry. Journal of Manufacturing
Technology Management. 32(5), 1016-1036. (10.1108/JMTM-08-2020-0331)

Zangiacomi, A., Pessot, E., Fornasiero, R., Bertetti, M., Sacco, M. (2020). Moving towards
digitalization: a multiple case study in manufacturing. Production Planning & Control. 31(2-
3), 143-157. (10.1080/09537287.2019.1631468)

Conference papers:

Demeter, K., Losonci, D., Szasz, L., Racz, B. G. (2018). Assessing Industry 4.0 readiness: a
multi-country industry level analysis. Annual European Operations Management Association
(EurOMA) conference.

Pinzone, M., Fantini, P., Perini, S., Garavaglia, S., Taisch, M., & Miragliotta, G. (2017). Jobs
and skills in Industry 4.0: an exploratory research. In Advances in Production Management
Systems. The Path to Intelligent, Collaborative and Sustainable Manufacturing: IFIP WG 5.7
International Conference, APMS 2017 (Hamburg, Germany), 1, 282-288. Springer
International Publishing.

Romero, D., Stahre, J., Wuest, T., Noran, O., Bernus, P., Fast-Berglund, A., Gorecky, D.
(2016). Towards an operator 4.0 typology: a human-centric perspective on the fourth industrial
revolution technologies, In proceedings of the International Conference on Computers and
Industrial Engineering (Tianjin, China), 29-31.

Zhou, K., Liu, T., & Zhou, L. (2015). Industry 4.0: Towards future industrial opportunities and
challenges. In 2015 12th International conference on fuzzy systems and knowledge discovery
(FSKD), 2147-2152.

Books:

Morais, R. (2010). Scientific method. In A. Mills, G. Durepos, & E. Wiebe (Eds.) Encyclopedia
of case study research (Vol. 2, pp. 840-842). Thousand Oaks, CA: Sage Publications.

Slack, N., Chambers, S., Johnston, R. (2007). Operations management. Pearson, Edingurgh
Gate.

Yin, R. K. (2009). Case study research: Design and methods (4th Ed.). Thousand Oaks, CA:
Sage.

35



References

Online sources:

Alan, L. (2018). Manufacturers get digital — or say they do. Retrieved from:
https://www.wardsauto.com/technology/manufacturers-get-digital-or-say-they-do, Last
accessed on: 01.09.2022.

amfg.ai (2019). 7 exciting examples of 3D printing in the automotive industry. Retrieved from:
https://amfg.ai/2019/05/28/7-exciting-examples-of-3d-printing-in-the-automotive-
industry/?cn-reloaded=1, Last accessed on: 01.09.2022.

automotiveworld.com (2015). Industry 4.0 and the digital transformation of the automotive
industry. Retrieved from: https://www.automotiveworld.com/articles/industry-4-0-digital-
transformation-automotive-industry/, Last accessed on: 01.09.2022.

digital-agenda-data.eu (2022). DESI by components. Retrieved from: https://digital-agenda-
data.eu/charts/desi-components#chart={%22indicator%22:%22desi%22,%22breakdown-
group%22:%22desi%22,%22unit-measure%22:%22pc_desi%22,%22time-
period%22:%222022%22%}, Last accessed on: 28.06.2023.

digital-strategy.ec.europa.eu (2023a). The Digital Europe Programme. European Commission.
Retrieved from: https://digital-strategy.ec.europa.eu/en/activities/digital-programme, Last
accessed on: 20.06.2023.

digital-strategy.ec.europa.eu (2023b). Connecting Europe Facility - CEF Digital. European
Comission. Retrieved from: https://digital-strategy.ec.europa.eu/en/activities/cef-digital, Last
accessed on: 20.06.2023.

ec.europa.eu (2017). Digitising European Industry - catalogue of initiatives. Retrieved from:
https://ec.europa.eu/futurium/en/content/digitising-european-industry-catalogue-initiatives,
Last accessed on: 01.09.2022.

i40platform.hu (2016). Ipar 4.0. Retrieved from: https://www.i40platform.hu/, Last accessed
on: 01.09.2022.

McKinsey (2022). The Fourth Industrial Revolution will be people powered. Retrieved from:
https://www.mckinsey.com/business-functions/operations/our-insights/the-fourth-industrial-
revolution-will-be-people-powered?fbclid=IwAR1xIpTMnOpz6pP-
dNTWXTATMO4fw6UJKch7hoA2Gz2kY ZxzLBaGzU2uUIQ, Last accessed on: 01.09.2022.

zfro (2022). Business MAGAZIN lanseaza catalogul TOP DIGITAL TRANSFORMERS.
Retrieved from: https://www.zf.ro/companii/business-magazin-lanseaza-catalogul-top-digital-
transformers-

20644955?fbclid=IwARO0t4NaTuRPtgkq 4Q0pJWdoObEWckBI5uev IfIEoMzfCtVQOnJdlY]
uUG4, Last accessed on: 28.06.2023.

36


https://www.wardsauto.com/technology/manufacturers-get-digital-or-say-they-do
https://amfg.ai/2019/05/28/7-exciting-examples-of-3d-printing-in-the-automotive-industry/?cn-reloaded=1
https://amfg.ai/2019/05/28/7-exciting-examples-of-3d-printing-in-the-automotive-industry/?cn-reloaded=1
https://www.automotiveworld.com/articles/industry-4-0-digital-transformation-automotive-industry/
https://www.automotiveworld.com/articles/industry-4-0-digital-transformation-automotive-industry/
file:///D:/Otto_Mappak/BBTE_PhD/5.%20VÉDÉS/digital-agenda-data.eu%20(2022).%20DESI%20by%20components.%20Retrieved%20from:%20https:/digital-agenda-data.eu/charts/desi-components%23chart=%7b%2522indicator%2522:%2522desi%2522,%2522breakdown-group%2522:%2522desi%2522,%2522unit-measure%2522:%2522pc_desi%2522,%2522time-period%2522:%25222022%2522%7d
file:///D:/Otto_Mappak/BBTE_PhD/5.%20VÉDÉS/digital-agenda-data.eu%20(2022).%20DESI%20by%20components.%20Retrieved%20from:%20https:/digital-agenda-data.eu/charts/desi-components%23chart=%7b%2522indicator%2522:%2522desi%2522,%2522breakdown-group%2522:%2522desi%2522,%2522unit-measure%2522:%2522pc_desi%2522,%2522time-period%2522:%25222022%2522%7d
file:///D:/Otto_Mappak/BBTE_PhD/5.%20VÉDÉS/digital-agenda-data.eu%20(2022).%20DESI%20by%20components.%20Retrieved%20from:%20https:/digital-agenda-data.eu/charts/desi-components%23chart=%7b%2522indicator%2522:%2522desi%2522,%2522breakdown-group%2522:%2522desi%2522,%2522unit-measure%2522:%2522pc_desi%2522,%2522time-period%2522:%25222022%2522%7d
file:///D:/Otto_Mappak/BBTE_PhD/5.%20VÉDÉS/digital-agenda-data.eu%20(2022).%20DESI%20by%20components.%20Retrieved%20from:%20https:/digital-agenda-data.eu/charts/desi-components%23chart=%7b%2522indicator%2522:%2522desi%2522,%2522breakdown-group%2522:%2522desi%2522,%2522unit-measure%2522:%2522pc_desi%2522,%2522time-period%2522:%25222022%2522%7d
https://digital-strategy.ec.europa.eu/en/activities/digital-programme
https://digital-strategy.ec.europa.eu/en/activities/cef-digital
https://ec.europa.eu/futurium/en/content/digitising-european-industry-catalogue-initiatives
https://www.i40platform.hu/
https://www.mckinsey.com/business-functions/operations/our-insights/the-fourth-industrial-revolution-will-be-people-powered?fbclid=IwAR1xlpTMn0pz6pP-dNTWXfA7MO4fw6UJKch7hoA2Gz2kYZxzLBaGzU2uUlQ
https://www.mckinsey.com/business-functions/operations/our-insights/the-fourth-industrial-revolution-will-be-people-powered?fbclid=IwAR1xlpTMn0pz6pP-dNTWXfA7MO4fw6UJKch7hoA2Gz2kYZxzLBaGzU2uUlQ
https://www.mckinsey.com/business-functions/operations/our-insights/the-fourth-industrial-revolution-will-be-people-powered?fbclid=IwAR1xlpTMn0pz6pP-dNTWXfA7MO4fw6UJKch7hoA2Gz2kYZxzLBaGzU2uUlQ
https://www.zf.ro/companii/business-magazin-lanseaza-catalogul-top-digital-transformers-20644955?fbclid=IwAR0t4NaTuRPtgkq_4QOpJWdoObEWckBl5uev_lfIEoMzfCtVQnJd1YjuUG4
https://www.zf.ro/companii/business-magazin-lanseaza-catalogul-top-digital-transformers-20644955?fbclid=IwAR0t4NaTuRPtgkq_4QOpJWdoObEWckBl5uev_lfIEoMzfCtVQnJd1YjuUG4
https://www.zf.ro/companii/business-magazin-lanseaza-catalogul-top-digital-transformers-20644955?fbclid=IwAR0t4NaTuRPtgkq_4QOpJWdoObEWckBl5uev_lfIEoMzfCtVQnJd1YjuUG4
https://www.zf.ro/companii/business-magazin-lanseaza-catalogul-top-digital-transformers-20644955?fbclid=IwAR0t4NaTuRPtgkq_4QOpJWdoObEWckBl5uev_lfIEoMzfCtVQnJd1YjuUG4

