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Connect Your Smart Manufacturing via
Smart Work: A Single-Case Study from the
Renewable Energy Industry

Pernille CLAUSEN®!, David VRABEC® and John Bang MATHIASEN®
2 Department of Materials and Production, Aalborg University, Denmark
b Siemens Gamesa Renewable Energy, Aalborg, Denmark
¢ Department of Business Development and Technology, Aarhus University, Denmark

Abstract. The evolvement of new-generation information technologies, such as the
Industrial Internet of Things (IloT), is bringing today's production systems nearer
the Industry 4.0 (14.0) agenda, to why manufacturers have invested heavily in new
equipment to become smarter in the way of working. While the development of
organizational capabilities to support these investments is showing slow progress,
practitioners are having difficulty getting their manufacturing connected using 14.0
technologies as they provide a limited understanding of how to balance the
interrelation of the variables within their sociotechnical system configurations. To
close this gap, this study presents a single-case study from the Renewable Energy
Industry demonstrating how Smart Work principles (human-centric solutions) prove
beneficial in balancing the social and technical variables for implementing IIoT
technology in a production environment with a moderate number of 14.0
technologies implemented. By studying the company's organizational capabilities
through the lens of sociotechnical theory, our findings demonstrate that the
complexity of implementing new technology is related to the difficulty of handling
transdisciplinarity within the sociotechnical system.

Keywords. Industry 4.0, Smart Work, Sociotechnical systems, Single-case study.

Introduction

The Industrial Internet of Things (IIoT) is labeled as the fundamental pillar of smart
manufacturing [1, 2] being the computing concept describing the pervasive connection
between various industrial devices with the information systems and business processes
[3]. For several years, manufacturers have explored the opportunities of “going smart,”
where the onus is to make the manufacturing more automated to obtain a large volume
of data throughout the product lifecycle to why industrial automation systems and
connected factory concepts enabled by IloT solutions are of particular interest to both
academia and practitioners [4, 5], as these offer effective solutions for shop floor
monitoring and control [3].

To harvest the related outcomes of going smart, manufacturers have invested heavily
in various technologies to enable data-driven approaches to make their manufacturing
process less cumbersome. However, although the applicability of IIoT technologies has
been rapidly tested [4], several operations management (OM)- and technology
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management (TM) researchers have labeled “optimal interactions” between humans and
technology as an area of underdeveloped competencies due to an imbalance in equally
dealing with the social and technological variables [2, 6, 7]. This unfolds as a problem
as manufacturers tend to handle technology implementations from an isolated viewpoint
as they lack an understanding of what it takes [2, 8, 9] Following Mathiasen & Clausen
[8], the problem is not that manufacturers do not work in collaborative teams ranging
across disciplines when dealing with technology implementations; the problem is that
transdisciplinary collaborations necessitate the team members to possess knowledge and
skills ranging across disciplines to become successful (see Wognum et al. [10]).

Given this, manufacturers are showing slow progress in capitalizing on their IloT-
oriented investments as they lack the necessary capabilities to support it [7, 11, 12, 13].
To contribute to closing this gap, this study aims to provide transparency on handling
technology implementations that require transdisciplinary collaborations with parties
inside and outside a company. With this, the study strives to demonstrate the importance
of practitioners’ ability to enhance transdisciplinarity by acquiring knowledge and skills
across disciplines when implementing “new” technology successfully.

To do so, the study presents a single-case study from the Renewable Energy industry
demonstrating the experiences of introducing industrial edge notifier technology (IENT)
to enable the immediate use of data for improved monitoring and control of an automated
production setup on the shop floor. The case study dictates a transdisciplinary approach
[10] outlining a collaborative method requiring knowledge transfers across various
disciplines. Given that the research topic is sociotechnical in nature (e.g., [14, 15]), we
take a sociotechnical theory lens [16] when studying the requirement outlining the
necessary capabilities for implementing IENT. With this, the study considers the
company as a system defined by social and technical variables. The research question,
“What problems do practitioners face when implementing IIoT technologies, and how
can they be addressed?” guided the study.

The paper is structured as follows. First, the background is presented, then the method
is described in detail, followed by the case description presenting the empirical material.
Finally, the results are discussed, and conclusions are formulated.

1. Background

The IIoT, an Industry 4.0 (I4.0) and a smart manufacturing concept [17], presents a
complex technology architecture of the manufacturing systems as to why implementing
such technologies is a primary concern in today's manufacturing and a focal research
subject [2]. With 14.0, technological advancement is changing manufacturing processes
rapidly. However, currently, there is a paucity of practical cases demonstrating
successful implementations [14, 15]. With most theoretical studies and contributions
rather than empirical studies proving practical evidence of successful 14.0
implementations [2, 14], practitioners possess limited support to handle the
implementation effectively.

Prior research on implementing 14.0 technologies has mainly focused on maturity
frameworks and adoption levels, to why we have learned that no universal solution for
implementing 14.0 technologies exists as it is conditioned by the sociotechnical variables
of an environment and the maturity levels of these [15]. However, OM researchers with
stands towards the TM domain, such as Cagliano et al. [14], Marcon et al. [15], and
Meindl et al. [18] argue that the implementation of 14.0 technologies in companies with
robust sociotechnical systems is most likely to become more successful with the
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implementation as they understand or possesses experience with the complexity of
sociotechnical interactions.

With this, more studies on balancing the interrelation of the social and technological
variables when implementing 14.0 technologies are needed [15]. Given that 14.0 results
from technological advancement, it is unsurprising that the social factors have often been
overlooked [2]. With this, TM-oriented OM researchers such as Frank et al. [2] and
Meindl et al. [18] have called attention to the fact that [4.0 must acknowledge the human
workforce as a crucial factor for improving productivity through 14.0 technologies.
Similarly, the European Commission has labeled human-centric manufacturing highly
relevant to why the conceptualization of Industry 5.0 should be considered a
complementary view to 14.0 [19, 20].

Frank et al. [2] brand this human-centric solution phenomenon as Smart Working
(SW) when introducing their very acknowledged "Theoretical framework of 14.0
technologies", to which SW should be considered an expansion of the Operator 4.0/Smart
Operator concepts [19, 21]. While the Operator 4.0/Smart Operator concepts debate how
the human role, primarily on the shop floor, should evolve in the 14.0 context by
suggesting new worker profiles [18], SW considers both the operational activities
performed by shop floor workers (i.e., the micro-level) and the remote-operational
activities taking a broader outlook on the work processes, including the cognitive
managerial activities performed by managers, engineers, and supervisors of the
manufacturing (i.e., the macro-level) [18, 21]. Cagliano et al. [14]. demonstrate an SW-
alike approach in their work exploring how 14.0 technologies interplay at the micro- and
macro levels by adopting a socio-technical systems approach. Within their study
involving 19 manufacturing companies, Cagliano et al. [14] identified four
sociotechnical configurations ranging from a Process-automated Factory label to an 14.0
Smart Factory label. Although their study shows that the interplay between technological
and social variables cannot be considered in a deterministic way, the companies within
or close to the Smart Factory configuration are most likely to become successful when
introducing new technology, as their socio-technical configuration appears more mature
if considering the dimensions on the micro level. Although the macro-level in this
context is an understudied topic, Cagliano et al. [14] were able to present a few linkages.
However, in conclusion, they highlight that the macro-dimensions are of utmost
relevance for successfully implementing 14.0 technologies, to why it deserves research
attention.

2. Method

To investigate the above-presented research question, this study adopted a single-case
study approach [22]. The case study follows an inductive methodology [23, 24] intending
to generate theoretical implications by describing the explored phenomenon thoroughly
to create explanations [25]. Furthermore, case study approaches are appropriate to study
situations where new phenomena are inquired, such as studying 14.0-related topics (see
[14]), as it allows the researcher to understand the complexity of the investigated
phenomenon in its real-life context [26].

The data collection procedures included face-to-face interviews with key informants,
online interviews with other key informants, onsite observations, and project documents
from the case company. Due to the diversity of information sources, a protocol to guide
the data collection was developed [23]. The protocol was inspired by principles presented
by Rashid et al. [27]. The protocol took an outset in the framework describing the
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environment configuration in terms of the technical and social system variables for
studying the conditions of implementing IENT (see section 3.2).

The protocol (see Figure 1) listed the data collection’s purpose and the types of
informants to involve. Snowball sampling [28] was applied to select what informants to
involve. The internal project manager provided the first contact information for the
sampling technique. The protocol proved helpful in ensuring that all data collection
processes were well-planned and aligned [27]. Notes were taken simultaneously during
the observations and interviews. Moreover, the internal project manager approved the
protocol to increase the study’s credibility, and all notes were discussed with the
informants being interviewed. Data source triangulation [22] was conducted by ensuring
all data sources converged on similar facts to ascertain data validity.

The data analysis follows Stake’s [22] interpretation strategy, from where the authors
analyzed data simultaneously while collecting data. To avoid misrepresentation and
misunderstandings, a framework to clarify the sociotechnical system of the environment
configuration guided the analysis. The framework was inspired by Cagliano et al.’s [14]
classification of sociotechnical system configurations.

Data collection protocol
What problems do practitioners face when implementing IToT technologies, and how can they be addressed?

Purpose and data source Informants involved

1. Understanding the macro-level conditions One onsite meeting of two hours at the external collaboration partner
At the early stage of involvement in the IENT project, the authors | involved unstructured interviews with two automeation engineers.
needed to understand the project characteristics, to why unstrucrured
Inrerviews seemed appropriate as a natural extension of observing the | Three onsite meetings of one hour at the case company with a senior
project environment through participating in project meetings. manufacturing & technology engineer (project manager) and an
automation specialist.

The informants represent the macro-level activities. Informal
meetings were held with the informants during the project.

2. Understanding the micro-level conditions Three online meetings of 30 minutes (via Microsoft Teams) involving
After understanding the technical system characteristics of the | a process engineer, a tooling & maintenance engineer, and two
environment and being introduced to the [ENT, the authors were | production workers.
ready to clarify the social system characteristics. Semi-siructured
interviews were conducted to explain these and to identify whether
the current conditions determiming the environment configuration

seemed sufficient for implementing IENT. The informants represent the micro-level activities.
3. Towards a transdisciplinary understanding & testing Pilot test — 3 hours.

After mapping the sociotechnical system of the environment, a pilot | Onsite: An automation engineer (external collaboration partner), an
test was run on-site  at the external collaboration | automation specialist, a business specialist, and one of the authors.
partner. Observations clarified whether the sociotechnical system was | Online: A senior manyfacturing & technology engineer, a digital
mature to implement IENT. solutions product owner, an industrial solutions architect, a guality
engineer, and a digital manufacturing engineer.

After identifying the required capabilities for implementing IENT,
changes were made to the technical systemn, followed by a final IENT
test. Observarions documented the test results and were applied to | Final test — 2 hours.

develop guidelines for how the project team implements the TENT. Onsite: An automation specialist and one of the authors.

Secondary data to support the authors® understanding
* An external report (documentation of the development process of IENT).
= An infernal user manual of the production equipment/environment to implement IENT.

Figure 1. The data collection protocol.

3. Case description

Siemens Gamesa Renewable Energy (hereafter referred to as the company) is a global
wind turbine manufacturer with around 27000 employees. The case presented in this
paper occurs in one of the company’s Danish production facilities producing wind
turbine blades. Following the current industrial trends enabled by 14.0, the company
wants to unfold as a more modern/smart manufacturer, to why many resources are spent
on implementing various new types of information technologies to enhance efficiency at
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the operational level on the shop floor. Generally, producing wind turbine blades is
characterized by a high level of manual labor, which is why few 14.0-related technologies
are implemented at the plant’s production phase and process levels.

3.1 The environment for implementing IENT

This case investigates the production phase consisting of an advanced automated
machine, milling and drilling holes into the wind turbine blade’s root end. Approximately
10-15 shop floor practitioners are involved in the activities concerning the
milling/drilling machine (MD machine) daily. Figure 2 illustrates the environment of the
MD machine.

Figure 2. The MD machine environment. Figure 3. HMI/ user panel of the MD machine.

When the MD machine is active in milling or drilling, a production worker (PW) is
assigned to observe the machine’s HMI being the machine’s user panel, see Figure 3.
The HMI is placed on the stair bridge on the machine’s right side. The PW cannot leave
the HMI unobserved when the machine is operational, as actions must be taken
immediately if error messages appear on the HMI. The PW’s main task is to avoid
machine breakdown, which often comes with many costs.

To operate, control and monitor the HMI, the PW must have acquired a certain skill
set. The PWs are undergoing an internal training program, and the instructors must verify
their skills before they are assigned to work at the MD machine. No formal training
program exists. It is up to the instructors when a PW is ready to monitor and operate the
HMI. Currently, three different skill levels exist.

The MD machine was implemented in the plant in 2021. It was crafted by a Danish
automation company and the machine is built with many different sensors that make it
possible for the company to monitor and control the machine following data-driven
approaches. Another Danish company, an all-around industrial automation competency
provider (designated Gamma in the remainder) has developed the software to make the
machine operational. However, the machine data is currently not utilized fully due to
several problems and a lack of capabilities as to why data is mainly collected manually.
Given this, the operational activities of monitoring and controlling the MD machine do
not follow data-driven approaches. For that reason, the PWs often must contact several
different support functions when error notifications appear on the HMI, as these
notifications are not connected to other devices. Figure 3 illustrates the escalation plan if
error notifications appear on the HMI.
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(The PW takes action)

|

| Contacts the Watch smith or technician |

l

Watch smith, or the technician arrives

Fixes th bl Cannot fix the problem Contacts a tooling & maintenance
Txes (e profem Or occupied with another task engineer or a process engineer

Either the error is handled internally, or external support is required
and Bila or FH Automation is contacted

| Error notification on HMI |

Figure 4. Escalation plan if error notification on HMI appears.

According to the PWs and engineers involved in the process visualized in Figure 4,
the escalation plan contains too many steps, often resulting in long reaction times. The
involved support functions must cover a broad area in the plant, to why much time is
spent figuring out what persons is able to deal with the error notification.

3.2 Describing the sociotechnical system of the MD machine environment

To become more reliant on data-driven approaches for monitoring and controlling the
production environment, the company is seeking an approach to implementing new
technologies as seamlessly as possible. The company considers implementing IENT for
the MD machine environment as a research study, to why the authors support and
document the process. While one of the authors is an internal automation specialist
within the company, the others are external researchers supporting the project with
objective opinions.

Based on the interview material (derived from steps 1 and 2 in Figure 1), the authors
have described the sociotechnical system of the MD machine environment considering
the current macro- and micro-level conditions, see Figure 5. The framework is inspired
by the work of Cagliano et al. [14]. The authors have added Transdisciplinarity as a
social system variable to the framework, as supporting the MD machine environment
ranges across different departments within and outside the company.

MD machine Technical system Social system
environment
Partially integrated A medium number of | Job control and | Cognitive Hierarchy Centralization of Social Transdisciplinarity
production environment 14.0 related autonomy demand decision-making interaction
technologies

: . [HOPFLOOR sHoP FLOC) uzATION OROANTZATION) (oRGANZATION, CROANIZATION)
implemented (mainly (OROAIZATION K

atproduction phases [*p ooiioionof | Bothmanual |  Verical Plant management | Primasily Intra- |  Limited inter-team
level). work procedures; | and cognitive | organization, level/departmental feam interactions interaction. No
autonomy in work tagks with bottom- level standard
procedures related up flows of communication
to controlling information guidelines

Figure 5. Sociotechnical system configuration of MD machine environment.

While the definition of the technical system is static, the social system evaluates both the
micro-related and macro-related dimensions, to why the evaluation includes a focused
shop floor- and a holistic organization perspective. The overview presented in Figure 5
made it possible for the authors to clarify the current situation and suggest some of the
barriers to implementing new technology, such as IENT, in the MD machine
environment. The authors suggest that the company’s lack of capabilities to work cross-
sectoral at the managerial levels (e.g., the collaboration between the IT department and
Business development department), and lack of capabilities to work cross-organizational
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boundaries (e.g., low involvement of shop floor practitioners in technology projects on
the shop floor) might prove problematic, given that the social interactions are
characterized by intra-team interaction, and no collaboration/communication standards
exist to bridge inter-team interaction.

3.3 Exploring IENT for the MD machine environment

At the outset, the implementation of IENT aims to provide shop floor practitioners with
easily accessible real-time error notifications on notifier devices from the MD machine
to eliminate the current inefficient escalation plan (Figure 4). The project team consisted
of two automation engineers from Gamma, the project manager (a senior manufacturing
& technology engineer), an automation specialist (one of the authors), and an external
researcher (one of the authors). Given the learnings from Figure 5, the authors
recommended that the project team pay attention to the project’s transdisciplinarity
before moving on, as no practitioners from the MD machine environment were enrolled.
The interviews conducted in step 2, Figure 1, supported the project and were applied to
identify the user requirement of implementing IENT.

In November 2022, a pilot test was conducted at Gamma. The pilot test aimed to
identify whether the IENT was ready to be implemented in the MD machine environment
(clarify whether the company possessed the technical capabilities to support the
implementation). Simulated data was applied to run the pilot test. Figure 6 visualizes the
technical setup for the pilot test in the setting at Gamma. Although the equipment
visualized in Figure 6 only applies for testing purposes, the lineup with all components
reflects how the setup would appear in the real setting in the MD machine environment.

To share this learning experience within the company, five people outside the project
team relevant to this subject (see Figure 1) observed the test online and were allowed to
engage with questions.

TR T

/".‘.-_.. Sy
')"3 v wdeon

# %1 M e

Switch (activator to stimulate
machine data — connected via
digital inputs).

A computer for programming
the applications makes it
possible to receive
notifications on notifier
devices. Access to data 1s
provided via an industrial

PLC (connected via
‘Wi-Fi cables).

edge databus
Industrial edge hub (IEH)
and retrieve data. Notifier device.

Industrial computer/
Industrial edge device
(IED). The IED collects
data from the needed

sources.

Industrial edge management
EM)
A virtual machine to support
connection and configuration
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Figure 6. Overview of the technical setup of the IENT pilot test at Gamma.

The pilot test demonstrated that IENT proves to be a promising solution for improving
connectivity between people and machines via real-time notification on smart-devices
such as watches or tablets. When the machine reported an error (simulated), a notification
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appeared on the notifier device within five seconds. Although the technology seemed
beneficial to handle the practical problem, the pilot test revealed several technical issues.
More issues were identified when preparing the equipment to carry out tests in the MD
machine environment. Figure 7 reports the technical issues identified from the pilot test
and how these were handled.

Technical issues Handling status
+ Problems with PLC and setting up accounts (difficult to get access). + Prolonged communication with Gamma and their sub-suppliers to solve
the issues.
+ Black spois in Wi-Fi connection (notifier devices will not work if users | + Not dealt with at this point.
are too far from the access point).
+ The notifier application turns off when the device is not active + The smartwatch does not turn off when the pulse monitor is activated
(GDPR issue)
+ Notifier device is only able to receive information. + Through a simple configuration, it was possible to program a solution
allowing the notifier device to respond to error notifications.
+ The HMI on the smartwatch notifier device is difficult to operate (too | + The smartwatch notifier devices should only be applied by practitioners
small dashboard). with limited need to send responses (people who just need to be
informed, such as the production managers). Other devices, such as
tablets or machine HMIs. can be applied.

Figure 7. The identified issues after the pilot test and how these are handled.

After the pilot test, Gamma handed over the equipment to the company, and the project
team had to implement the IENT on their own. Dealing with the technical issues from
Figure 6, required transdisciplinary approaches, as external support outside the project
team was needed, to why the project team extended the communication with Gamma and
had to get in contact with one of Gamma’s sub-suppliers to receive the necessary support.
The technical issues related to the notifier application and smartwatch device were
handled internally by the automation specialist. Approximately, 28 hours were spent on
setting up the equipment/system and programming. Besides the 28 hours, several
meetings were conducted with Gamma and their sub-supplier. The final test within the
MD machine environment was delayed by 1,5 months due to the technical issues. The
final test proved that IENT, from a technical system perspective, is ready to be
implemented. The final test was conducted in February 2023 and included the
automation specialist and one of the authors. Figure 8 visualizes how the MD machine
notifications appear on the smartwatch device and how responses can be sent via the MD
machine HMI and the smartwatch device. The system setup mirrors the pilot test (Figure
7), with hardware and software solutions meeting the technical requirements to support
the MD machine environment (e.g., a larger PLC, a more powerful industrial computer,
etc.). The authors recommend involving the shop floor stakeholders in the MD machine
environment, before implementing IENT, as their involvement and collaboration are
crucial for successful implementation (cf. Figure 4).

Error notification received on a smartwatch device Reporting response message to the correct support function from the MD machine HMI/ on the smartwatch device

Report error to mainentance

=3
Bariery i

182

i it

2023-02-0911:43:08 Somor S taulty. Peasa plan schechled maimpenane 4 18
[ 800

Sersor 5 faulty.
Please plan

0 ey Bepas, Dot scheduled

maintenance

at 18:00 today

Regards, David

~Drilling mounting hol

Figure 8. Notification on smartwatch device and MD machine HMI.

4. Discussion and conclusions

Guided by the following research question, “What problems do practitioners face when
implementing IToT technologies, and how can they be addressed?” this single-case study
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aimed to demonstrate how a human-centric solution approach, inspired by the SW
principle [2], proves beneficial in balancing the social and technical variables when
implementing an IIoT solution. Assuming a sociotechnical perspective, our findings
exemplify a case identified with the partially integrated factory sociotechnical system
configuration described by Cagliano et al. [14].

By understanding the configuration of the sociotechnical system, we were able to
interpret the company’s current organizational capabilities in terms of introducing an
14.0-related technology in a specific production phase. In our study, intra- team
interactions penetrated the structure for social interaction across the organization. To
comply with this, we added Transdisciplinarity as an additional variable when evaluating
the social system, as we identified intra-team interaction as a barrier, as we saw that the
project team was highly dependent on following a transdisciplinary approach [10]. To
this end, we suggest that handling new technology implementation necessitates access to
relevant knowledge across disciplines during the whole process. In this specific case,
across-interactions were required all the time, both internally and externally in the
company. While the Social interaction variable is considered from the micro-perspective
in Cagliano et al. [14], this study evaluated it from the macro-perspective, as the
implementation required cross-collaboration both inside and outside the company, to
why we experienced a need to include evaluation ranging across work-team
constellations (i.e., the shop floor, the project team, and external collaboration partners).

As the purpose of this study is to demonstrate the learnings of implementing new
technology relying on an SW approach, we learned, the variables within the
sociotechnical configuration framework, had to adapt to the conditions of the
investigated environment, which confirm that every single technology implementation
is unique [14]. Furthermore, the SW strategy, should not be based on an overall
evaluation of the organization, as one company does not represent one sociotechnical
figuration. The environment for the technology implementation has to be specified and
evaluated accordingly.

In line with the studies performed by Frank et al. [2] and Cagliano et al. [14], our
study contributes to clarifying the understanding of what it takes to implement 14.0-
related technologies. To conclude, we believe that SW approaches are valuable to
practitioners when implementing new technology, as it initiates a strategy to balance the
social and technical variables. However, relying on such an approach requires the
company to engage with the environment of the technology implementation, to why we
recommend assuming a sociotechnical system perspective, as it allows the company to
reflect and gain transparency on the relevant variables to include before getting started
with the implementation. Moreover, ensuring a balance between the socio- and technical
variables is dependent on how well the company understands the level of
transdisciplinarity within the sociotechnical system and learns that this is the prerequisite
to connect the manufacturing on the inter-team level. If not accommodating the
requirements and needs of the sociotechnical system, the company will not be able to do
a proper assessment of the capabilities required to fulfill the implementation successfully.

References

[1] E. Sisinni, A. Saifullah, S, Han, U. Jennehag, and M. Gidlund, Industrial internet of things: Challenges,
opportunities, and directions. /EEE transactions on industrial informatics, 2018, Vol, 14 No. 11, pp.
4724-4734.

[2] A. G. Frank, L. S. Dalenogare, and N. F. Ayala, Industry 4.0 technologies: Implementation patterns in
manufacturing companies. International Journal of Production Economics, 2019, Vol. 210, pp. 15-26.



302

B3]

(4]

(]

(6]

(7]

(8]
[9]

(10]

[11]

[12]
[13]

[14]

[15]

[16]
[17]
[18]
[19]

[20]

[21]

[22]
[23]

[24]
[25]

[26]
[27]

(28]

P. Clausen et al. / Connect Your Smart Manufacturing via Smart Work

H.N. Dai, H. Wang, X. Guangquan, J. Wan, M. Imran, Big data analytics for manufacturing internet of
things: opportunities, challenges and enabling technologies. Enterprise Information Systems, 2019, Vol.

14, No. 9-10, pp. 1279-1303.

Z.Zhao, P. Lin, L. Shen, M. Zhang, and G. Q. Huang, IoT edge computing-enabled collaborative tracking
system for manufacturing resources in industrial park. Advanced Engineering Informatics, 2020, Vol. 43,

101044.

P. Bellavista, C. Giannelli, M. Mamei, M. Mendula, and M. Picone, (2021). Application-driven network-
aware digital twin management in industrial edge environments. /EEE Transactions on Industrial
Informatics, 2021, Vol.17, No. 11, pp. 7791-7801.

J.V. Aken, A. Chandrasekaran, J. Halman, Conducting and publishing design science research: Inaugural

essay of the design science department of the J. of Oper. Mgt, J. of Oper. Mgt., 2016, Vol. 47-48, pp. 1-

8.

C. Cimini, F. Pirola, R. Pinto, and S. Cavalieri, A human-in-the-loop manufacturing control architecture

for the next generation of production systems. Journal of manufacturing systems, 2020, Vol. 54, No. 2,

pp. 258-271.

J.B Mathiasen and P. Clausen, Doing transdisciplinary studies through the lens of Intervention Based

Research, Advances in Transdisciplinary Engineering, 2022, Vol. 28, pp. 697- 706.

M. S. Baier, J. Lockl, M. Réglinger, and R. Weidlich, Success factors of process digitalization projects—
insights from an exploratory study. Business Process Management Journal, 2022, Vol. 29, No. 4, pp.

329-342.

N. Wognum, C. Bil, F. Elgh, M. Peruzzini, J. Stjepandi¢, and W.J.C. Verhagen, Transdisciplinary

systems engineering: Implications, challenges and research agenda, Int. J. of Agile Systems and
Management, 2019, Vol. 12 No. 1, pp. 58-89.

A. Chowdhury, and S. Raut, Benefits, challenges, and opportunities in adoption of industrial

10T. International Journal of Computational Intelligence & IoT, 2019, Vol.2, No, 4,

https://ssrn.com/abstract=3361586.

A. H. Lassen, B. V. Waehrens, Labour 4.0: developing competences for smart production. Journal of
Global Operations and Strategic Sourcing, Vol. 14, 2021, No. 4, pp. 659-679.

X. Li, L. Zhao, K. Yu, M. Aloqaily, and Y. Jararweh, A cooperative resource allocation model for IoT
applications in mobile edge computing. Computer Communications, 2021, Vol. 73, pp. 183-191.

R. Cagliano, F. Canterino, A. Longoni, and E. Bartezzaghi, The interplay between smart manufacturing

technologies and work organization: The role of technological complexity. /nternational Journal of
Operations & Production Management, 2019, Vol. 30, No. 6-8, pp. 913-934.

E. Marcon, M. Soliman, W. Gerstlberger, and A. G. Frank, Sociotechnical factors and Industry 4.0: an

integrative perspective for the adoption of smart manufacturing technologies. Journal of Manufacturing
Technology Management, 2022, Vol. 33, No. 2, pp. 259-286.

E. L. Trist, G. W. Higgin, H. Murray, and A. B. Pollock, Organizational Choice (RLE: Organizations):

Capabilities of Groups at the Coal Face Under Changing Technologies, Routledge, London, 2013.

R. Y. Zhong, X. Xu, E. Klotz, and S. T. Newman, Intelligent manufacturing in the context of industry
4.0: a review. Engineering, 2017, Vol. 3, No. 5, pp. 616-630.

B. Meindl, N. F. Ayala, J. Mendonga, The four smarts of Industry 4.0: Evolution of ten years of research
and future perspectives. Technological Forecasting and Social Change, 2021, Vol. 168, 120784.

P. M. Bednar, and C. Welch, Socio-technical perspectives on smart working: Creating meaningful and
sustainable systems. Information Systems Frontiers, 2020, Vol. 22, No. 2, pp. 281-298.

European Commission, 2023, Industry 5.0: What this approach is focused on, how it will be achieved
and how it is already being implemented. Accessed 06.06.23. https://research-and-
innovation.ec.europa.eu/research-area/industrial-research-and-innovation/industry-50 en

J. Dornelles, N. F. Ayala, and A. G. Frank, Smart Working in Industry 4.0: How digital technologies

enhance manufacturing workers' activities. Computers & Industrial Engineering, 2022, Vol. 163, 107804.
R. E. Stake, The art of case study research. SAGE Publications, Thousand Oaks, 1995.

T. Jéarvensivu, and J, A. Tornroos, J. A. Case study research with moderate constructionism:

Conceptualization and practical illustration. Industrial Marketing Mgt., 2010, Vol.39, pp. 100—108.

D. A. Gioia, K. G Corley, and A. L. Hamilton, Seeking qualitative rigor in inductive research: Notes on
the Gioia methodology. Organizational research methods, 2013, Vol. 16, No. 1, pp. 15-31.

J. Gustafsson, Single case studies vs. multiple case studies: A comparative study, Halmstad University,
2017, https://www.diva-portal.org/smash/get/diva2:1064378/FULLTEXTO1.pdf., accessed July 6 2023.

R. K. Yin, The case study as a serious research strategy. Knowledge, 1981, Vol. 3, No 1, pp. 97-114.

Y. Rashid, A. Rashid, Case study method: A step-by-step guide for business researchers. International
Journal of Qualitative Methods, 2019, Vol. 18, https://doi.org/10.1177/1609406919862424.

C. Noy, Sampling knowledge: The hermeneutics of snowball sampling in qualitative

research. International Journal of social research methodology, 2008, Vol. 11, No. 4, pp. 327-344.



