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Abstract. Within an international manufacturing network (IMN), one particular
factory, called the lead factory is responsible for development of new products,
processes and technologies as well as transferring these to the subsidiaries within
the IMN. These responsibilities require coordination, which is found difficult even
in the best-performing companies due to its complexity. When the responsibility for
development of Industry 4.0 technologies are included such as cyber-physical
systems and Internet of Things the complexity increases further. Therefore, the aim
of this paper is to identify what are the challenges with coordination of technology
development and transfer of Industry 4.0 technologies in IMNs. Accordingly, a real-
time embedded case study was carried out with six manufacturing companies. One
major finding is that development of Industry 4.0 technologies does not fit the
current way of organizing technology development at lead factories. Another
finding is that several of the identified challenges connected to technology
development can be derived from a lack of a long-term strategy ensuring
competence for future needs.
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Introduction

Competitive advantage can be gained in global manufacturing companies by aggregating
factories that are located in different parts of the globe into international manufacturing
networks (IMNs) [1]. The benefits of IMNs are an enhanced possibility of achieving
higher production flexibility as well as have better preconditions of responding to
emerging business challenges [2]. However, a prerequisite for harnessing the advantages
of globalization, is that the factories must be considered as a part of an integrated global
network [3] which requires a network focus rather than a factory focus [4-6].

The factories in an IMN can take on different strategic roles [6—8]. One particular
factory, called the lead factory, is responsible for creating new processes, products and
technologies, and is therefore a global hub for product or process knowledge that can
create value for the entire network when transferred within the IMN [3]. Additionally,
synergy as well as performance consistency can be achieved when manufacturing
processes are transferred to the subsidiaries in the IMN [9] which entails continues
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transfer of knowledge and information about modification of products and changes of
the manufacturing system [8].

These lead factory responsibilities require coordination of the IMN — here
addressing the infrastructural links between factories [10]. Coordination is of equal
importance as the strategic location of the factories within an IMN [11]; it includes
decisions made regarding the interactions of factories in the IMN [12], and serves the
purpose of achieving an efficient and effective plan for the exchange of knowledge and
resources [2, 13]. Yet, even the best-performing companies find coordination to be
particularly challenging due to the complexity of the task [10] because this includes a
constant development and assessment of interdependencies between the factories [4, 10,
14] as well as increase of complexity when the number of factories and organizations is
large [4]. Adding on the development of novel Industry 4.0 technologies the complexity
of coordinating the IMN increases further [15]. Lead factories need to deal with rapid
technology changes derived from Industry 4.0, including state-of-the-art technologies
such as cyber-physical systems and Internet of Things (IoT) [16], this puts pressure on
IMNs [17]. For instance, increase of digital connectivity, human-machine collaboration,
and visualization via digital aid is identified as disruptive attributes of Industry 4.0 [18].
Yet the methods, principles, and technologies within Industry 4.0 has the potential to
make the production systems more autonomous, dynamic [19] as well as provide
flexibility and accuracy [20]; but this requires new competences [20—22]. Understanding
of the term Industry 4.0 is perceived as a difficulty in manufacturing companies [23].
Here, the Industry 4.0 technologies refer to advanced digital technological innovations,
which when combined can enable novel digital industrial technology [24].

The manner in which development of Industry 4.0 technologies can be coordinated
in IMNs has gained limited research attention [15], especially important is the
technology development and transfer which is performed by the lead factory and is a
resource extensive task [25]. The enabling Industry 4.0 design principles (e.g.
Manufacturing as a Service) and technologies (e.g. [oT) have been used in industry as
well as been researched for almost a decade [23]. However, to stay competitive, a
strategic roadmap visualizing each step toward Industry 4.0 maturity within a company
is required from a strategic and technology perspectives [26]. Nevertheless, the
development and transfer of Industry 4.0 technologies have not been connected to the
IMN perspective in previous research, which leaves a gap affecting also the coordination
of IMNs. Therefore, the aim of this paper is to identify what are the challenges with
coordination of technology development and transfer of Industry 4.0 technologies in
IMN:Ss.

1. Theoretical background

The factories within an IMN have different roles to play and must develop capabilities
that corresponds to their particular role in the network. By developing the capabilities,
the factories can achieve a higher role within the IMN [27]. Moreover, factory-specific
capabilities can be used for classifying the factories [2, 27], where the most recognized
framework is presented by Ferdows [3, 6] who classify six generic roles for factories
based on both capabilities and the strategic reason of the site, the highest one being the
lead factory. The roles of the factories in an IMN is however not static [28] because
changes in one factory can result in redistribution of responsibilities as well as affecting
the structure of the network [11].
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The lead factory responsibility includes production development and ensuring that
the developed knowledge is disseminated into the IMN [29]. The knowledge can be
associated with both production, Industry 4.0 technologies as well as best practice. Yet,
development of technology requires extensive process innovation capabilities, and
capacity to integrate new technologies and procedures into production [30]. As the lead
factory is the knowledge creator that provides the IMN with solutions, the development
activities requires collaboration between for instance the lead factory and R&D for
product development [31].

Technology transfer is here defined as the process of dissemination and retention of
technologies which can be intangible (e.g. knowledge, experience), and/or tangible (e.g.
product, prototype) [32]. Whether the knowledge generated connected to processes or
technology is eligible for transfer is depended upon the complexity of the production
processes and the heterogeneity of the factories in the IMN [33]. Thus, technology
transfer is generally considered to be an extremely complex process [34].

1.1. Coordination of the IMN

A major incentive for companies to aggregate their factories into IMNs is the gained
access to technological resources and knowledge across factories [7]. As such, the
manner in which knowledge and technology is shared is especially important in order to
coordinate [12]; which can in turn strengthen the competences across the IMN [35],
affect the overall performance of the network [2, 36], and improve process and product
design by sharing knowledge, resources, and capabilities instead of conducting separate
development at individual factories [14]. Hence, coordination is a prerequisite for
integration of; material flows, management skills, product or process development, and
knowledge [14, 37].

Coordination of an IMN can be divided into two categories; governance, meaning
the structures that direct and control the IMN (e.g. leadership structures, performance
measurement, decision-making) and operations processes (e.g. management of materials,
information and knowledge flows across factories) [38]. However, there is also a need to
establish global operational plans [39] and strategies [8] in order to coordinate decisions
and activities [39]. Furthermore, coordination entails that the lead factory provides
support for the subsidiaries. Yet the manner of support it provides for the subsidiaries
must be adjusted according to the difference within the subsidiaries experience,
competence, resources and technology maturity. All of which affects the extent and
degree of needed support from the lead factory, and requires that the lead factory achieve
an understanding of the subsidiaries needs and competences [25].

1.2. Industry 4.0 technologies

Application of cyber physical systems within industrial production systems is a common
way of viewing Industry 4.0 [40]. Transition toward Industry 4.0 poses multiple
challenges for companies, e.g. capacity to innovate, new strategies and organizational
models etc. [24]. Therefore, companies that strive to transition toward a smart factory
need a formation of a roadmap which is based on the company’s core competencies,
motivations, capabilities, intent, goals and priorities [23]. Furthermore, the design
principles of Industry 4.0 can guide manufacturers in their efforts by addressing the
necessary knowledge required for developing procedures and solutions [24].
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Industry 4.0 technologies can provide competitive advantages of cost and time
efficiency [41] but firstly it requires an effective integrations between personnel,
processes, equipment, and products [42]. Additional requirements are of; removal of
functional silos, openness to change, supportive culture, and data transparency across the
value chain. However, for IMNs this transition demands a period of time and cannot be
achieved in the short run [23]. Another important aspect is identifying the needed
competence for Industry 4.0 technologies as well as competence gaps; this can performed
by an assessment tool which weighs the specific company needs to the needed abilities
[20].

2. Research design

Since the purpose of this paper was to identify what are the challenges with coordination
of technology development and transfer of Industry 4.0 technologies in IMNss, a real-
time embedded case study was carried out. A case study method was chosen because it
can provide a detailed understanding of the phenomenon studied [43-45] and it provides
the opportunity to use different techniques for data collection and sourcing of data
supporting the ability to gather a rich set of data [46].

Six different companies from the manufacturing industry was selected for this study.
The participants in this study worked at eight lead factories with technology development
and transfer of Industry 4.0 technologies in IMNs. Generally, the participants had a
global position at their respective company and each company was represented by one
or two participants. The companies belonged to the following industries; pharmaceutical,
rail, automotive, heavy vehicle, aerospace and precision steel.

2.1. Data collection

Data have been collected through focus group interviews. The focus group approach can
provide observations of interactions between individuals [45] and this approach was
selected since it facilitated exchange of experience and knowledge between foremost the
participants and provided a rich amount of data. Moreover, the participants could reflect
about the overall theme of the interviews; operating as a lead factory. Although multiple
focus group interviews were held, only four interviews were included in this study
because the content corresponded to the aim of this study. The focus groups were held
during 2018-2019.

Table 1. Description of the focus groups

Focus  Interview Preparation of questions Topics of discussion
group approach

1 Open-ended  All companies, selected by researchers Competence for Industry 4.0
technologies

2 Open-ended  Hosting company, supported by researchers Lead factory responsibilities
3 Unstructured ~ None Open discussion
4 Open-ended Hosting company, supported by researchers Industry 4.0 technologies

The focus group interviews were held at the participating companies’ lead factories
in Sweden and the total duration of the sessions were approximately eight hours each.
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The topics of discussions were decided in multiple ways. At the first focus group
interview, all companies could send in discussion questions beforehand which were
connected to the challenges they experienced related to their lead factory role. The
researchers conducting this study selected the submitted discussion questions according
to the majority rule. The topic of discussion at this session was thereby competence for
Industry 4.0 technologies. The researchers firstly provided the participants a theoretical
background connected to competence, introduced the questions for discussion connected
to this topic, and acted as a moderator during the discussions.

At both the second and fourth focus group interview, the hosting company prepared
discussion questions beforehand. The researchers’ role was to support the companies to
develop the discussion questions, however, the companies were allowed space to select
the topics related to their specific challenges. This approach was chosen as the potential
benefits could be that the participants could receive novel perspectives to their specific
challenges in the interaction in the focus group. The topics for discussion was the
responsibilities accredited to the lead factory connected to technology development and
transfer, and Industry 4.0 technologies respectively.

Furthermore, during the second and third focus group interview, the discussions
were performed firstly in diverse smaller groups, secondly the researchers presented a
summarization of the discussions, and thirdly a discussion by all company participants
was held. Number of smaller groups were equivalent to number of participating
researchers. This approach was chosen to facilitate deeper discussions among the
participating company representatives, as well as to allow more room for participation
for each individual. The researchers’ role was predetermined to observing and note-
taking, and participating in the discussions to a limited degree, only to intervene when
the discussions impasses. The same approach was applied during the fourth focus group.
Lastly, at the third focus group, the discussion was not predetermined, that is, the
participating companies could raise their own topics during the focus group. The
developed open-ended questions in three of the focus groups acted more as a guidance
than a traditional interview. All focus group interviews were informal and allowed for
spontaneous responses from the participants. This approach, according to Wertz et al.
[45] and Williamson [47] allows for a spontaneous exploration of the research topic.

2.2. Data analysis

Data analysis was performed in several steps. First, notes from each focus group
interview were read through to receive an overview of the content. Second, data was
sorted and arranged in themes correlating to either challenges with technology
development or transfer in general and within the context of Industry 4.0 specifically.
This allowed for an arrangement of data into categories [45]. Furthermore, the data
analyses could provide a comparison between the participating companies. A cross-case
analysis was therefore performed to enable generalization of the findings [48]. Finally,
the empirical findings were compared with the key findings from the literature review
[49].
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3. Results
The findings of this paper are categorized into; challenges with Industry 4.0 technology

development, and challenges with transfer of Industry 4.0 technologies. Table 2 provides
a summarization of the challenges presented in heading 3.1 and 3.2.

Table 2. Challenges with coordination of development and transfer of Industry 4.0 technologies

CHALLENGES

Technology development Technology transfer

Lack of overview over technology development in  Lack of competence regarding transfer of Industry

the IMN 4.0 technologies

Balancing development for local factory need Lack of resources regarding transfer of Industry 4.0
contra global IMN need technologies

Uneven technology development progress in the Dependence on network managers for transfer of
IMN knowledge from the subsidiaries

Existing way of working with technology Heterogeneity of processes between the lead factory
development does not fit in the Industry 4.0 and subsidiaries

context

Lack of interrelation between production and Different levels of automation within the IMN
product strategy requires a broad level of competence at the lead

factory to provide support

Lack of long-term strategy for ensuring Incompatible systems and different ways of
competence for future need working

Difficulty to gain a horizontal overview regarding  Resistance among the operators to apply Industry
knowledge and competence 4.0 technology

3.1. Challenges with Industry 4.0 technology development

The lead factory role is dynamic and new responsibilities can be assigned as shown in
one participating company that has received the responsibility over development of
Industry 4.0 technologies within its IMN. However, this attributed responsibility is
foremost applied to create production solutions that fits this particular lead factory and
its product segment. Deciding when to develop for the local need contra when to develop
for the global dissemination into the IMN is commonly viewed as a difficulty among the
participating companies. As the participating companies have a lead factory role, support
subsidiaries that are interested in applying the novel Industry 4.0 technologies is one of
the tasks associated with this role. However, as the lead factory is further ahead regarding
technology development compared to the subsidiaries, new projects are not necessary
prioritized as top management can prioritize that subsidiaries firstly catch up.
Specifically, coordination and having an overview over all technical development within
the IMN is related to difficulties. The network configuration where several lead factories
exist in an IMN and possesses responsibility over a product segment, can result in
conflict of focus or misalignment. Hence, coordination between the lead factories in an
IMN can be lacking regarding development of technology. However, as the development
of technology is occurring more rapidly, coordination of the IMN becomes increasingly
important and is viewed as an ever more important topic among the participating
companies.
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In one of the participating companies it was realized in 2007 that the way of working
with production technology development does not support how the company handles the
emergence of Industry 4.0 technologies. It was recognized that production needs to be
involved early in product development and establish a long-term plan which duration is
between 2-10 years. In order for production to be prepared for the next generations of
products, the connection between production and product strategies is deemed to be
necessary.

Commonly, among the participating companies, a long-term strategy for ensuring
competence for future need is lacking. This can be a consequence of the lack of
interrelation between production and product strategy. A challenge for the participating
companies is thus to evaluate the current needed competence level as well as what
competences will be needed in a future setting. A common solution for this is to map out
the current competences needed for blue-collar workers. However, this solution does not
provide a holistic overview nor what competences are needed in all positions. A means
to face this issues in one participating company is to establish an internal platform which
allows evaluation on individual level, defines what competences will be needed and
produces learning material that can be used by workers. Gaps has thus been identified
between current and future competence on some levels of the lead factory, yet a structure
for how to proceed is lacking. Also, there is no demand from top management that a
structure should be in place, rather, this issue is driven from an internal need at this lead
factory.

One major risks is to develop knowledge but lack a structure to maintain it in
employees on all levels. A common challenge is to attribute responsibility beyond
managers over critical competence areas as these positions can have difficulties to attain
and manage the knowledge. A general challenge for the participating companies is to
gain an overlook horizontally in a factory’s functions regarding existing knowledge and
competence. The horizontal overview is however, viewed as important due to the need
for cross-functional competence and total assessment of it in all functions. From a
production viewpoint, each function should have understanding and insight into
production. The risks of the lack of a holistic competence overview is that an operator
can have greater competence than a white collar worker, however this is not portrayed
and the available resources are not used in the most efficient way.

3.2. Challenges with transfer of Industry 4.0 technologies

Transfer of technology or production related to Industry 4.0 is in one participating
company associated with lack of competence and resources. Specifically, it is viewed as
difficult to coordinate how the exchange of knowledge and dissemination of the
developed technology is performed. Similarly, information from improvement projects
performed at the subsidiaries is dependent on capable network managers that can
combine the information and spread it within the IMN to facilitate development of global
standards. However, multiple challenges for transferring technology development from
the lead factory to the subsidiaries are identified within the participating companies. The
challenges can be heterogeneity of processes, different levels of automations between
sites, incompatible systems, or different ways of working. These aspects are viewed as
obstacles that prevent technology transfer directly between sites. As the lead factory role
incorporate providing support for the subsidiaries, it is deemed to be valuable that the
lead factory can possess the right competence that is adjusted for the need of the network.
Even though the factory itself can have mostly manual assembly of highly customized
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products, there is a need to possess competence regarding both manual and automated
processes in order to provide support to subsidiaries. Also, sharing the development
should according to one participating company be centrally financed to provide an
incentive to perform the technology transfer task. Furthermore, resistance is observed in
the operators regarding applying novel Industry 4.0 technology.

From a lead factory perspective, it is viewed that the ability to manage a high level
of collaboration with subsidiaries and other units, which also involves bridging
hierarchical boundaries as well as solving complex problem in a cross-functional manner
is increasingly important. This lead factory competence is viewed by one participating
company as at least as important as the technical development and can be facilitated by
sharing information when it is needed and thereby minimize the lead time for problem
solving. In project management that extends to and involves multiple factories, it is
essential that new information and plans becomes available for all involved employees.

4. Discussion and implications

In an IMN, the development and transfer of technology is generally performed at the lead
factory, a fact present in both previous research [29—31] as well as in findings in this
paper. Global companies are forced to adapt in order to keep up with the trends associated
with Industry 4.0 and this is connected to a number of challenges and prerequisites [26].
This paper identifies the challenges with coordination of technology development and
transfer of Industry 4.0 technologies in IMNs.

4.1. Theoretical implications

One major finding is that development of Industry 4.0 technologies does not fit the
current way of organizing technology development at lead factories. Two approaches
emerged from the participating companies for tackling technology development in this
context. One participating company recognized early that the manner in which
technology development is performed needs to be adapted in relation to emergence of
Industry 4.0. Here, a long-term strategy for technology development was established.
However, the change included also an early involvement of production in product
development as a prerequisite for establishing the long-term strategy. This is in line with
Ghobakhloo [23] who point out that the transition toward Industry 4.0 should be
managed by establishment of a roadmap that takes into consideration the company-
specific attributes. As well as Gilchrist [24] who highlights the need of new strategies
and organizational models.

Another participating company was assigned Industry 4.0 responsibility in its IMN,
but this alone did not ensure that the technology development was performed with the
need of the IMN in mind. This contradicts previous research accrediting the lead factory
with development intended for dissemination within the IMN [29]. Rather, as the
technology development is unbalanced in the IMN of this participating company, where
the lead factories are further ahead possibly due to their role. A consequence for one
participating company is that new technology development projects is not prioritized in
order to leave room for the subsidiaries to catch up. Because the lead factory has the
responsibility to integrate new technology into operations [30] and provide the IMN with
technological resources and knowledge [7], it can be argued that the unbalanced
technology development is a challenge that needs to be overcome in order to strengthen
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the potential effects gained by coordinating technology development in the IMN [2, 14,
35, 36]. Moreover, an important challenge for several participating companies is the lack
of overview over the technology development performed in the IMN. However, it is
realized that coordination of technology development is increasingly important,
especially to avoid conflict of focus or misalignment between the lead factories in an
IMN.

Several of the identified challenges connected to technology development can be
derived from a lack of a long-term strategy for ensuring competence for future needs.
One participating company has established an evaluation tool between current
competence and needed competence in the future, yet lacks demand from top
management to broaden this structure to all employees. Generally, a horizontal overview
over knowledge and competence in all factory’s functions is lacking in all participating
companies. Two of the participating companies have established structures for
competence evaluation, yet it is confined to blue-collar workers. However, previous
research pinpoints that Industry 4.0 can be disruptive [18] and requires new competences
[20-22] and competence gaps should be identified according to the specific company
needs [20]. It can therefore be argued that although the participating companies realize
on management level the need for a structured overview of the required future
competences, this need is not yet conveyed to the top management.

The technology transfer is connected by the sort of development that was performed
in the first place, whether the development was performed solely for local fit or also
intended for global transfer in the IMN. This can be traced back to the lack of organizing
prior to technology development which in the later stages affects the manner in which
technology transfer is performed or if the transfer is possible in the first place.

Because technology development is not necessary balanced between the local lead
factory need and the global IMN need, the development can be performed solely with
the lead factory need in mind. Therefore, transfer can be connected with several
challenges which are summarized in table 2, such as heterogeneity of processes between
the factories, incompatible systems, different ways of working, possessing the right
competence to provide the right support etc. Thus, previous research consider technology
transfer to be an extremely complex process [34] which is dependent on the heterogeneity
of the factories in the IMN [33]. The findings of this paper connected to Industry 4.0
technology transfer are therefore not strictly related to these technologies per se. Rather,
the transfer activity in general in the examined lead factories is connected to difficulties
and also here Industry 4.0 adds complexity. Therefore, it can be argued that the identified
challenges for transfer of Industry 4.0 technologies in the IMN, are not limited solely to
Industry 4.0 technologies within the participating companies. Rather, if basic structures
for technology transfer are not developed prior to adding the complexity of Industry 4.0,
the total complexity of the transfer task increases. Especially as identified in one
participating company, competence and resources for transfer of Industry 4.0
technologies is lacking.

4.2. Managerial implications

Besides from identification of the challenges with coordination of technology
development and transfer of Industry 4.0 technologies in IMNs, this study identifies a
possible root cause behind the challenges, that is; development of Industry 4.0
technologies does not fit the current way of organizing technology development at lead
factories. A possible consequence is that technology development at lead factories is
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performed solely for the local need, which potentially can be avoided by firstly
establishing a technology roadmap such as presented by Ghobakhloo [23]. Hence
possibly avoiding the identified challenges connected to technology development in this
study, as well as the effects they can have on the transfer of Industry 4.0 technologies
that follows. Adapting the technology development for Industry 4.0 can furthermore
provide an overview over all development projects conducted in the IMN, thus increase
the coordination of activities, resources and efforts.

4.3. Limitations and further research

The findings in this study are based on data collected in four focus group interviews with
managerial representatives from eight lead factories in Sweden. This method provides a
broad amount of challenges from the perspective of different companies in order to fulfil
the aim of this study. However, the challenges are described to a limited degree. To gain
a comprehensive understanding about what challenges exist but also how global
companies have approached them and what solutions have been developed, more
research is needed and would require in-depth studies. Also, different Industry 4.0
technologies are arguably connected to specific challenges which was not investigated
in this study. Furthermore, the lead factories examined in this study have different
contexts and the Industry 4.0 efforts vary, that is, a minority of the lead factories have
come further along in their Industry 4.0 efforts compared with other examined lead
factories that are in the brink of their efforts.

The need for performing technology development in an intentional and organized
manner is here identified as the major challenge that has ripple effects also for transfer
of Industry 4.0 technologies in the IMN. However, there is a gap in previous research
that investigates how the technology development in IMN can be organized, thus finding
support for how to strategically perform this task is difficult both from managerial and
academic points of view.
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