
Jankowska, Barbara; Di Maria, Eleonora; Cygler, Joanna

Article

Do clusters matter for foreign subsidiaries in the Era
of industry 4.0? The case of the aviation valley in
Poland

European Research on Management and Business Economics (ERMBE)

Provided in Cooperation with:
European Academy of Management and Business Economics (AEDEM), Vigo (Pontevedra)

Suggested Citation: Jankowska, Barbara; Di Maria, Eleonora; Cygler, Joanna (2021) : Do
clusters matter for foreign subsidiaries in the Era of industry 4.0? The case of the aviation valley
in Poland, European Research on Management and Business Economics (ERMBE), ISSN
2444-8834, Elsevier, Amsterdam, Vol. 27, Iss. 2, pp. 1-10,
https://doi.org/10.1016/j.iedeen.2021.100150

This Version is available at:
https://hdl.handle.net/10419/294062

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dürfen die Dokumente nicht für öffentliche oder kommerzielle
Zwecke vervielfältigen, öffentlich ausstellen, öffentlich zugänglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfügung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewährten Nutzungsrechte.

Terms of use:

Documents in EconStor may be saved and copied for your
personal and scholarly purposes.

You are not to copy documents for public or commercial
purposes, to exhibit the documents publicly, to make them
publicly available on the internet, or to distribute or otherwise
use the documents in public.

If the documents have been made available under an Open
Content Licence (especially Creative Commons Licences), you
may exercise further usage rights as specified in the indicated
licence.

  https://creativecommons.org/licenses/by-nc-nd/4.0/

https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://doi.org/10.1016/j.iedeen.2021.100150%0A
https://hdl.handle.net/10419/294062
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/


European research on management and business economics 27 (2021) 100150

www.elsevier.es/ermbe
Do clusters matter for foreign subsidiaries in the Era of industry 4.0?
The case of the aviation valley in Poland
Barbara Jankowskaa,*, Eleonora Di Mariab, Joanna Cyglerc

a Department of International Competitiveness, Pozna�n University of Economics and Business, Poznan, Poland
b University of Padova, Padova, Italy
cWarsaw School of Economics, Warszawa, Poland
A R T I C L E I N F O

Article History:
Received 22 July 2020
Revised 25 March 2021
Accepted 7 April 2021
Available online 24 June 2021
The study was conducted within the research project E
Economy financed within the Regional Initiative for Exce
ister of Science and Higher Education of Poland, years 2
2018/19, financing 3,000,000 PLN.
* Corresponding author at: Head of the Department

ness, Poznan University of Economics and Business, A
Pozna�n.

E-mail address: barbara.jankowska@ue.poznan.pl (B.

https://doi.org/10.1016/j.iedeen.2021.100150
2444-8834/© 2021 The Authors. Published by Elsevier Es
(http://creativecommons.org/licenses/by-nc-nd/4.0/)
A B S T R A C T

Many scholars underline the significance of clusters for knowledge spillovers and related benefits in terms of
innovation and firm competitiveness. The Industry 4.0 technological scenario emphasizes dispersed techno-
logically interconnected activities and distributed knowledge management opportunities, while clusters
focus on proximity, which is why many question the attractiveness of the latter for firms. Bearing in mind
the scarcity of studies on the relationship between digitalization and clusters, the paper discusses how clus-
ters may be attractive for foreign subsidiaries in times of the fourth industrial revolution by referring to the
case of the Aviation Valley in Poland as explanatory example supporting conceptual considerations proposed.
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1. Introduction

Location strategies of firms and the embeddedness of economic
activities across regions and countries have been particularly chal-
lenged by the new technological scenario connected to the fourth
industrial revolution (Strange & Zucchella, 2017; Sturgeon, 2019).
The broad theoretical debate on the advantages of agglomeration
with respect to dispersed activities (Bathelt & Taylor, 2002; Big-
giero, 2006; Boschma, 2005; Chiarvesio, Di Maria & Micelli, 2004;
G€otz, 2020; Lis, 2019) and the recent rise of technologies that sug-
gests a reconfiguration in the way firms structure their activities − in
particular when multinational companies are concerned (MNEs)
(Ben-Ner & Siemsen, 2017; Cantwell, 2014) − motivates an updated
exploration of the relevance of clusters in this context.

The paper aims at bridging the discussion on how clusters may stay
attractive in the realm of the digital transformation for a specific type of
entities − subsidiaries of MNEs. The novelty of this paper focuses mainly
on the demonstration how cluster specific advantages work for foreign
subsidiaries (FSs) in the time of Industry 4.0, by supporting the conceptual
development with the case of an active cluster − the Aviation Valley in
Poland − characterized by high presence of FSs and technological invest-
ments. On the one hand, the fourth industrial revolution outlines a differ-
ent approach to manufacturing (smart factory) (B€uchi, Cugno &
Castagnoli, 2020) and innovation (Bogers, Hadar & Bilberg, 2016), where
the relationship with the location of economic activities is put under
scrutiny (Fratocchi & Di Stefano, 2020). On the other hand, specifically
because of the strong interrelation between innovation and manufactur-
ing processes in specialized industries that characterize clusters (Camuffo
& Grandinetti, 2011), they could still be relevant places for FSs for the
exploitation of opportunities related to Industry 4.0 technologies.
We manifest that cluster advantages become even more visible in
the digital age when cluster actors look for technological expertise and
competences.
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The term Industry 4.0 (I4.0) embraces a wide array of interdisci-
plinary concepts and technologies − Cyber-Physical Systems (CPS),
Internet of Things, Internet of Services, and Smart Factory
(Hermann, Pentek & Otto, 2015), with different levels of maturity and
market availability − which facilitate digitisation, automation and
process integration along the value chains (Hermann et al., 2015;
Kagermann, Wahlster & Helbig, 2013). From this perspective I4.0,
research puts much emphasis on the potential to transform locations
and organisation of manufacturing processes, where in particular it
has been highlighted the possibility related to enhanced coordination
related to hyper automation and hyper connectivity based on artifi-
cial intelligence (AI), big data, robotics, and Internet of Things (IoT)
(R€ußmann et al., 2015). It impacts the structure of value chain activi-
ties worldwide and the location choices of MNEs, which is where
new relationships emerge between tangible and intangible,
manufacturing and innovation (Bianchi, Dur�an & Labory, 2019;
Strange & Zucchella, 2017). In particular international business stud-
ies have stressed the relevance of knowledge seeking and knowledge
exploitation dynamics in the behaviour of MNEs and their FSs, where
also clusters have been included (Gereffi, De Marchi & Di Maria,
2017; Santos, Doz &Williamson, 2004).

Clusters are environments conducive for innovation, which goes
in line with the observation by Cooke and Morgan (1998) who point
to the fact that the processes of innovation became more collabora-
tive. And many later studies point to the significance of knowledge
management in clusters (e.g. Ciravegna, 2011; Dohse, Fornahl &
Vehrke, 2018; Kesidou & Snijdersb, 2012; Lagendijk & Lorent-
zen, 2007; Morrison & Rabellotti, 2009; Zhang, Xu & Liu, 2011; Lau-
fente et al., 2018). As far as I4.0 is concerned, studies on the impact of
digitisation on clusters are in their infancy (Ciffolilli & Muscio, 2018;
G€otz, 2019; G€otz & Jankowska, 2017, 2020; Hervas-Oliver, Estelles-
Miguel, Mallol-Gasch & Boix-Palomero, 2019; Paw»yszyn, Fertsch,
Stachowiak, Paw»owski & Ole�sk�ow-Sz»apka, 2020, Bettiol, Capestro,
De Marchi, Di Maria & Sedita, 2020a). The new technological scenario
supporting the rise of the fourth industrial revolution has revealed
even more the importance to manage knowledge in a proficient way
not only in clusters of innovation (Engel, 2015) but in any type of
clusters, as well (G€otz & Jankowska, 2018; Puig, 2019). Thus, we
developed our research on the foundation of the cluster’s perfor-
mance in the sphere of knowledge flows, knowledge spill-overs and
learning processes (Boschma, 2005; Friedman, 2005).

The impact of I4.0 on the significance of clusters for MNEs’
subsidiaries has to be further investigated and can be explored in the
manufacturing field and in how innovation is managed, taking into
consideration the tight relationship existing between these two areas
within clusters and the consequences for home-grown and foreign
actors operating in clusters (Hervas-Oliver, Belussi, Sedita, Caloffi &
Gonzalez-Alcaide, 2020). I4.0 enables MNEs to better coordinate their
operations on an international scale by establishing their foreign
subsidiaries (FSs) in remote locations and source from these loca-
tions, thus the relevance of being a cluster actor in a foreign market is
not that obvious. Nevertheless, some authors demonstrate that the
I4.0 technologies may result in the growth of the relevance of opera-
tions on the local scale and reorganise or even shorten international
production networks (Ben-Ner & Siemsen, 2017; Strange & Zuchella,
2017), shedding light on the opportunity for MNEs to be embedded
into local manufacturing systems in Western countries or close to
their final markets.

In this perspective our research question is to outline the main
cluster characteristics that could support FSs in their I4.0 investments
and incentive FSs in being localized in clusters in the fourth industrial
revolution scenario. Bearing in mind the aim of the study, first we
explain advantages of clusters in particular for FSs. It is followed by
presentation of I4.0 key solutions in the cluster framework. Next, we
briefly characterise the methodological aspects and the results refer-
ring to the context of the Aviation Valley in Poland. The paper ends
2

with a conclusion, limitations of the study and propositions for fur-
ther research.
2. Theoretical framework

2.1. Cluster-Specific advantages for foreign subsidiaries (FSs)

Cluster-specific advantages may be enjoyed by all cluster firms.
However, the firm’s origin − whether local or foreign − modifies the
accessibility to these advantages. FSs search for locations character-
ised by conditions necessary for maximising inputs with the least
costs and such that provide maximum benefit to companies and their
objectives (Cano-Kollmann, Cantwell, Hannigan, Mudambi & Song,
2016). The factors of ownership, location and internalisation (OLI)
determine FSs’ performance and the level of strategic goal accom-
plishment (Narula, Asmussen, Chi & Kundu, 2019). When establishing
their subsidiaries in foreign markets, MNEs tend to locate them near
incumbent companies in related industries (Majocchi & Presutti,
2009; Bathelt & Li, 2017). Proximity to these entities is a kind of rem-
edy against their lack of expertise in a specific market (Dow & Lar-
imo, 2011; Yavan, 2010).

Other studies highlight the advantages for MNEs to locate within clus-
ters also for production-related activities to gain from knowledge spill-
overs connected to clusters and to the high level of specialisation
characterising cluster firms (Belussi, 2018). To take full advantage of the
location in a FSs have to invest in networking activities, by developing
linkages with other actors operating in the cluster (Andersson and For-
sgren, 1996, 2000; Schmid & Schurig, 2003). Embeddedness in a cluster is
reflected in the eagerness and ability to adopt cluster-specific rules of
conduct, cluster-specific routines, cluster benchmarks, a diversity of clus-
ter partners t and functional areas to cooperate (Dacin, D Beal and Ven-
tresca, (1999). Hence, FS’s embeddedness in the local context impacts its
performance (Birkinshaw et al., 2005; Cantwell &Mudambi, 2005; Yamin
& Andersson, 2011).

FSs are not stand-alone units. MNEs may exploit the multi-locality of
their FSs to combine local R&D with assets residing in other locations.
Nowadays FSs became actors in the MNEs’ knowledge augmenting and
competence-building processes (Cantwell & Mudambi, 2005; De Beule &
Van Beveren, 2019; Mudambi & Navarra, 2004). Bartlett and Gho-
shal, 1987 point to four types of FSs, taking into account the strategic
importance of the host market and the local environment. Besides the
types of strategic leader, implementer and black hole, they also indicated
the contributor. This is a FS operating in a host market with rather low
importance for the parent company but with high internal competencies
in terms of technology and R&D capability. Aware of the rather low signif-
icance of this host market, the parent company is more eager to allow the
subsidiary to operate on its own. This type may then contribute the most
to the knowledge pools of its MNE. Similarly, Gupta and Govindara-
jan (1991) develop a typology of FSs’ roles based on knowledge flows in
an MNE. They indicate the following FS roles with regard to knowledge
flows: Global Innovator (high outflow, low inflow); Integrated Player
(high outflow, high inflow); Implementer (low outflow, high inflow); and
Local Innovator (low outflow, low inflow). Thus, FS capabilities and initia-
tive in knowledge development are reflected in FS roles in innovation
processes ranging from innovation adopter up to a centre of excellence
(e.g. Frost, Birkinshaw& Ensign, 2002; Gupta & Govindarajan, 1991; Harz-
ing & Noorderhaven, 2006). And being a cluster inhabitant may facilitate
the knowledge development and innovation processes in FSs, specifically
when the cluster is able to offer strategic knowledge related to its domain
of specialization. From this perspective, FS relationships within a cluster
play an increasingly important role in knowledge augmentation and
competence-building processes of MNEs; becoming a “contributor,”
according to Bartlett and Ghoshal’s (1987) framework. FSs’ embedded-
ness in clusters, may accumulate the technological, market and manage-
rial knowledge necessary to innovate.
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Thus, where knowledge outflow from a FS is high, it is a Global
Innovator or Integrated Player (Gupta and Govindarajan 1991). How-
ever, in the latter case, that of the Integrated Player, there is a threat
that the high. inflow of knowledge from the parent company and
other subsidiaries may leak out to other cluster actors. To sum up,
the role a FS performs in the MNE network impacts the attractiveness
of clusters for the FS.

2.2. Industry 4.0 and the role of clusters

The I4.0 scenario influences: innovation processes and
manufacturing processes (Almada-Lobo, 2016; Holmstr€om, Holweg,
Khajavi & Partanen, 2016). Big Data and Analytics, Autonomous
Robots, Simulation, Horizontal and Vertical System Integration, the
Industrial Internet of Things (IoT), Cybersecurity, the Cloud, Additive
Manufacturing, plus 3D printing and Augmented Reality create the
pool of technologies typical of I4.0 (R€ußmann et al., 2015). I4.0 is
based on six design principles: interoperability, virtualisation, decen-
tralisation, real-time capability, service orientation, and modularity;
these principles reflect I4.00s horizontal and vertical integration.
Horizontal integration manifests itself through value networks
thanks to digitalisation that enables the integration of IT systems and
smooth data flows between customers, suppliers and other external
partners. Vertical integration is related to smooth data flows within
the company along its value chain, from product design to sales
(Kagermann et al., 2013). Horizontal integration creates more oppor-
tunities for small and medium-sized enterprises that surround and
cooperate with large companies being often the flagship firms in net-
works. Vertical integration may support firm’s coordination of dis-
tributed activities at a wider scale, sustaining connectivity within
MNEs as well as in their international network (Cano-Kollmann et al.,
2016; Cantwell & Salmon, 2018). From this perspective, specific loca-
tions can be conceived as contexts in which the implementation of
I4.0 technologies is developed and tested to take into considerations
the product and process requirements of the MNE (FSs) and to fit
with the need of the FSs, while internationally the developed solu-
tions are further applied. In particular, this could be the case of inno-
vation such as I4.0 technologies that are not “ready-to-use”
technologies, but that require specific projects for their implementa-
tion and adaptation to the industry requirements (Bettiol, Di Maria &
Micelli, 2020b; Ortt, Stolwijk & Punter, 2020). As it occurred for other
process/technological innovations that require tight connection
between the development and the implementation phases or the
design and production steps, the cluster becomes a relevant cognitive
and relational environment where to carry out such innovation
dynamics (Lazzeretti & Capone, 2016; Buciuni & Finotto, 2016).

Research on the dynamics of I4.0 investments at the cluster level
highlights that cluster may leverage on the support of local institu-
tions and peculiar innovation ecosystems enabling digital transfor-
mation (Benitez, Ayala & Frank, 2020; Hervas-Oliver et al., 2019). Due
to the interaction and collaboration amongst firms (i.e. suppliers and
buyers) as well as between the private and public actors within the
clusters (Pagano, Carloni, Galvani & Bocconcelli, 2020), I4.0 technolo-
gies can be properly designed and applied to solve the specific indus-
try requirements. From this perspective, the endowment of tangible
and intangible resources available at the cluster level − technological
infrastructures, local specialized competences, institutional fabrics −
may favour the digital transformation (De Propris & Bailey, 2020).
Moreover, studies on the adoption of I4.0 technologies for cluster
firms compared to non-cluster one stress that I4.0 further sustain the
cluster competitive model (Bettiol et al., 2020b).

The relevance of the cluster context for an effective development and
implementation of I4.0 technologies at the business level can be observed
considering servitization that may be facilitated by I4.0 technologies fol-
lows the development of competencies that contribute to the resilience
of the local manufacturing industry (Kamp, Ruiz de Apodaca 2017; Sforzi
3

& Boix, 2018; Bellandi & Santini, 2019). These competencies, rooted on
themanufacturing experience available at the cluster level, may be recog-
nised as locational assets that further increase the advancement of the
configuration of competencies in geographical regions (Gebauer &
Binz, 2019; Lafuente, Vaillant & Vendrell-Herrero, 2019) which “host” the
clusters. As G€otz and Jankowska (2017) point out, only the clusters
equipped with expertise in IT solutions and knowledge adequate for the
concepts of I4.0 will be attractive to firms and FSs involved in innovation.
The knowledge-focused processes that result in innovation − creation,
modification and the diffusion of knowledge − need a specific context. It
has been noticed by many scholars that territory associated with rela-
tional space for innovativeness and knowledge processes is important,
while much knowledge remains tacit and sticky to particular locations
(Jerome, 2013; Malmberg & Power, 2005; Xue, 2018).

In the case when clusters have been approached by FSs for the exploi-
tation of cluster manufacturing capacity and not necessarily also with an
orientation to innovation, the role of clusters within the fourth industrial
revolution could be different. The attractiveness of clusters for FS in times
of the fourth industrial revolution may be determined by the core indus-
try of the cluster. Some of industries are more prone to adopt new tech-
nologies and concepts and some less. From this point of view, I4.0
technologies can be implemented differently across industries. Referring
to the specific I4.0 solution like the IoT, Buckely and Strange (2015) argue
that it may lead to further division of labour, as particular location may
specialise even more on particular operations or industries and, thus,
core industries within clusters may become even more visible. The IoT
means that products are equippedwith sensors which collect and process
data. Thanks to that, the coordination of MNEs may be easier. Simulta-
neously, communication between clusters may become easier and a
number of clusters − each specialising in a particular field − may jointly
create a value-creating network.

As far as robotics is concerned, this trend may reorganise the location
patters of FSs, which in the case of manufacturing operations were estab-
lished in low-cost economies (Buckley & Strange, 2015). The develop-
ment of robots and their application in manufacturing processes may
redesign value chain activities so that manufacturing processes may
reshore back to advanced economies (Fratocchi & Di Stefano 2019). This
trend may indicate the diminishing attractiveness of clusters for compa-
nies seeking in clusters efficiency advantages. Technology is the key facili-
tator for the reconfiguration of the production system and this may result
in themovement of subsidiaries by parent companies to their home loca-
tions or other advanced countries which provide a better innovation con-
text. As manufacturing processes in many industries concentrate in
space, it may result in the damage of clusters more focused on
manufacturing, which provided first and foremost cost advantages to
their participants. Pegoraro, De Propris and Chidlow (2020) present dif-
ferent types of reshoring indicating that within the taxonomy of reshor-
ing we may distinguish the home-shoring. On the contrary, in the case of
clusters focused more on innovation, robotics may contribute to their
growth. 3D printing may similarly diminish the relevance of manufactur-
ing clusters, since this does not require any specific location, and firms do
not have to relocate their production facilities to locations characterised
by low production costs. On the other hand, this key I4.0 solution may
lure manufacturers closer to their clients − end users of products and
R&D organisations (Kinkel, 2020).

According to the above-mentioned analysis FSs can rely on clus-
ters to exploit the specialized competences on product innovation
and manufacturing process, the network of actors with the institu-
tional support facilitating knowledge exchange to benefit from an
effective development of I4.0 solutions.

3. Empirical section: industry 4.0, the aviation industry and the
role of Polish cluster

One of the industries open for innovative technological solutions
and quite much penetrated by multinational enterprises, thus
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characterized by existence of foreign subsidiaries within particular
national markets is the aviation industry. Moreover, it is character-
ized by the presence of clusters. We will refer to this industry and the
related Aviation cluster in Poland to provide evidence on the sup-
portive role of cluster for FSs in the realm of I4.0.

Aviation is an industry conducive to the technologies and con-
cepts of I4.0. In the pool of Aviation 4.0 concepts, we may distinguish:
a) automatic flying in predefined situations in a rule-based way; b)
developing a robust aircraft predictive maintenance; c) cockpit safety
cognitive computing aid systems; d) real-time weather information
update; e) improved search and rescue services especially for oceanic
or remote areas; f) real-time Human Performance monitoring and
alerting based on non-intrusive physiological sensors/signals and
contextual information (Valdes & Comendador, 2018). From a
manufacturing point of view, I4.0 technologies related to 3D printing
and Augmented Reality may enhance product design, production and
sustainability, mainly as far as maintenance tasks and spare parts
management are concerned (Ceruti, Marzocca, Liverani & Bil, 2019).

This industry is also one of the most globalised sectors. The fea-
tures of the product − aircraft − allow MNEs to disperse their FSs in
the most attractive places. R&D operations in the aviation sector are
extremely expensive and this fact, combined with very capital-inten-
sive manufacturing processes, make the production of an aircraft by a
single company practically impossible. Meanwhile, current motives
for FDI are related to strategic assets like knowledge and expertise
seeking. From this point of view, thanks to their identity and features
that work as a laboratory for I4.0, clusters may help the aviation
industry to cope with the new technological challenges and keep the
risk assurance requirements high by even better respecting the prior-
ity of environmental sustainability.

3.1. Methodological approach

In order to manifest how clusters may stay attractive for FSs in
times of the fourth industrial revolution, we adopt a qualitative
methodology by using as an exploratory case study the aviation clus-
ter − the Aviation Valley in Poland. Following the typology of case
studies developed by Yin (2017)) an exploratory character for the
case study was used on purpose, because it helps to understand the
context and setting of a phenomenon (Dyer, Gibb & Wilkins, 1991;
Guba & Lincoln, 1994; Langley, 1999).

We selected the Aviation Valley in Poland since it represents one of
the best performing clusters in Poland, and it is the host location for FSs
of the crucial players in the aviation industry. It is one of four Key
National Clusters in Poland.1 The group embraces clusters which play
very important role in the Polish economy and are characterised by rel-
atively higher level of international competitiveness than other clusters
in Poland. Key National Clusters poses strengths and great potential to
grow within the following six areas: human resources, infrastructure
and financial resources, economic potential, knowledge creation and
knowledge transfer, contribution to the public policy, focus on the cli-
ents. These areas are the fields of evaluation of the developmental
potential of a cluster. A cluster to be named the Key National Cluster is
evaluated with a set of indicators (Kuza, 2018): its size and structure
(number of participated SME and large companies); employment struc-
ture; joint activities of cluster participants and internal collaboration;
geographical concentration of cluster participants; cluster specializa-
tion; rate of R&Dprojects; innovation performance; resources (physical,
human, financial, etc.); presence of the cluster and its companies in for-
eignmarkets; national and international visibility of the cluster; cluster
coordination services andmanagement .

Nowadays according to the Central Statistical Office in Poland there
are 232 enterprises that represent the NACE Rev. 2.0 class of 30.30.Z -
1 https://www.gov.pl/web/rozwoj-praca-technologia/lista-kkk

4

Manufacture of air and spacecraft and related machinery and 43 of
them operate in the region where the Aviation Valley is located and are
associated within the cluster organization. Another important group of
entities that contributes to the existence of the aviation cluster are 1156
companies of NACE Rev. 2.0 class 26.51 - Manufacture of instruments
and appliances for measuring, testing and navigation. 24 of them are
located in the area of the aviation cluster and are involved in the cluster
organization. The aviation cluster embraces enterprises dedicated to
aviation and representing supporting and related industries. According
to the data from the manager of the cluster organisation, there are 138
companies located in this cluster, which focus on the aviation industry
and employ 28,443 people. Their revenue in the period 2015−2017
totalled up tomore than 8.1 billion Euro.

In the Aviation Valley in Poland many solutions for the industry
are designed and developed, while many items for aircrafts are pro-
duced, thus providing a combination of cluster processes related to
manufacturing and innovation that fits with the challenges the fourth
industrial revolution constitutes for MNEs. The Valley represents the
concentration of companies, R&D institutions and business-support
organisations focused on the aviation industry and the industries
that represent the supporting and related to the aviation sectors.2

The case study is based on primary and secondary data, so we
used respectively the data collected from first-hand sources with the
presented research project in mind using direct interviews. Second-
ary data sources were the reports from the Polish Investment and
Trade Agency on the attractiveness of Poland for foreign investors
representing the aviation industry, reports on clusters in Poland, but
also certain materials published on the Internet, including articles in
the business press.

The primary data were collected through face-to-face interviews
with the manager of the cluster organisation, representatives of the
R&D sector and managers representing 20 out of 138 cluster compa-
nies associated within the cluster organisation. These 20 firms were
chosen purposefully. The composition of the group of these 20 firms
whose representatives shared their views on the attractiveness of
clusters for FSs was to embrace both − domestic and foreign-owned
entities, companies involved in diverse operations along the whole
value chain; starting from design and testing through modification
and implementation of the constructed aircraft − including
unmanned aircraft and other components for the aviation industry −
to support services for clients and the key aspect was their involve-
ment in any of the I4.0 technologies. Thus, eventually interviews
were conducted with 11 companies just with the Polish capital and 9
companies with foreign capital in their ownership structure. Their
characteristics reflect the profile of firms active in the Valley pre-
sented more in Section 3.2.2. These companies represent diverse
industrial background indicated by the NACE Rev. 2.0 code, neverthe-
less they perform operations typical for entities from industries sup-
porting aviation or that are related to aviation. In particular amongst
the selected companies there were entities involved in 3D printing
and prototyping (scanning), augmented reality solutions and Internet
of things. FSs that participated in the interviews are medium and
large enterprises. Domestic entities are small and medium compa-
nies. The group of FSs are manufacturing companies. And the domes-
tic firms are service and manufacturing organisations.

The direct unstructured interviews were carried out in February
2020. In our research we refer to the triangulation of data sources
in order to create a comprehensive understanding of phenomena
(Patton, 1999). Our research was developed by specifically consider-
ing the four dimensions of cluster-related advantages suggested in
the literature: inter-firm cooperation, the role of human capital
(workforces), R&D collaboration, and international linkages. Repre-
sentatives of cluster companies were asked if they are familiar with
2 https://www.paih.gov.pl/sectors/aerospace

https://www.gov.pl/web/rozwoj-praca-technologia/lista-kkk
https://www.paih.gov.pl/sectors/aerospace
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the term I4.0, about their direct involvement in projects that refer to
I4.0 technologies and the involvement of other cluster entities in
projects that exploit the I4.0 solutions. In the next section we present
facts and data collected during the interviews combined with the
data from secondary sources.

3.2. Case analysis - The Aviation Valley in Poland

3.2.1. Cluster background
The Aviation Valley is located in South-Eastern Poland, in Podkar-

packie Voivodship, within the Special Economic Zone. The spatial con-
centration of entities focused on the aerospace industry in this location
is very high, and the formal organisationwasdeveloped tobe a platform
for cooperation and communication amongst cluster actors and with
partners from outside the cluster. There are around 155 entities (com-
panies and other organisations) operatingwithin the cluster.3 The crea-
tion of this cluster was initiated by companies located in this area.
Nevertheless, aviation firms in Poland operate not only in this location
but also in theWestern and Central part of the country.

The growth of this industry was quite noticeable during the interwar
period. In those days, the Polish aviation industry was famous for light
aircraft, gliders, engines and avant-garde construction solutions (PIa-
FIA, 2013, p. 4). In 1936, the Polish government started the initiative and
five-year project called the Central Industrial Region (COP) (PIaFIA, 2013,
p. 4), which was one of the biggest economic projects in the Second Pol-
ish Republic. The Second World War interrupted its implementation,
though it was reactivated after the war. Two big factories in the Podkar-
packie Province were planned, the aircraft factory in Mielec and the air-
craft engine and artillery factory in Rzesz�ow. The emergence of a great
pool of academics and engineers focused on the aviation industry helped
the sector to develop practically from scratch shortly after 1945, and such
human resources played a paramount role in the reconstruction of the
aviation industry at the beginning of the political and economic transfor-
mation in Poland. The 1990s brought a visible reduction in the workforce
in this sector, by almost 50%; that is, up to 40,000 people. amongst them
weremany top professionals with great expertise in technology.

In 2004, when Poland joined the European Union, new sources of
funding appeared, i.e. the Framework Programmes, CleanSky,
DREAM, SCARLET, and OPENAIR. The perception of Poland in the
world has improved and the risk of doing business in Poland
decreased. It was a very important message for foreign (PIaFIA, 2013,
p. 7). In the cluster, the first FDIs were done by large relevant compa-
nies in the industry: Pratt & Whitney, Sikorsky, Augusta, Hispano-
Suiza and MTU. Their entry accelerated the growth of the Valley,
since they were flagship manufacturers of engines and aircraft parts.
They developed their network of local suppliers and, thus, supported
the growth of local family businesses.4

The collaboration between FSs and R&D actors in the cluster have
been particularly intense since the beginning of the cluster. General
Electric Company (GE) and the ºukasiewicz Research Network −
Institute of Aviation (ILOT), which is the founder of the cluster organi-
sation (namely that corresponds with the presented aviation cluster:
the Aviation Valley) are close partners. The manifestation of their
cooperation are tests for bearings and fans used in aircraft engines
(Stę _zycki, Wi�sniowski, 2016). Similar tests were conducted for Pratt
& Whitney and for Rolls Royce who are the main players in the avia-
tion industry. This kind of cooperation calls for high quality compe-
tences and unique professional laboratories (e.g. bearing lab and
combustion chamber in ILOT). That is why aviation companies look
for attractive locations with knowledge pools and the Aviation Valley
in Poland is one of such locations.
3 http://rzeszow.wyborcza.pl/rzeszow/7,34962,21831008,dolina-lotnicza-ma-inwes
tycyjne-zniwa-11-nowych-fabryk.html

4 http://rzeszow.wyborcza.pl/rzeszow/7,34962,21831008,dolina-lotnicza-ma-inwes
tycyjne-zniwa-11-nowych-fabryk.html

5

3.2.2. Cluster actors: Domestic and foreign firms as the pool of
cooperating entities

The cluster embraces FSs of MNEs and many local firms. The struc-
ture of the industry is dominated by SMEs with the visible involve-
ment of family firms. Despite their size and, thus, their relatively high
vulnerability to turbulences in their environment, these firms have
been able to become attractive partners for demanding well-known
actors in the world aviation industry like Boeing and Airbus. Thanks
to their expertise, Polish family-owned SMEs have provided some of
the most sophisticated parts for Boeing 737 s, the Boeing 787 Dream-
liner and Airbus 380 s. As a kind of confirmation of the position in the
world of the Polish Aviation Valley, let us mention the fact that prac-
tically every aircraft in the world is equipped with one or more items
from Poland. amongst the corporate actors in the Valley are FSs of
companies mainly from the USA, Italy, France, the UK and Canada.
These FSs have been producers of aviation and high-tech equipment.
In 2017, Rolls-Royce and Safran opened a new factory − Aero
Gearbox International Poland − in the Valley, a factory that produces
engines.5 Another example of a FS dedicated to manufacturing in the
Aviation Valley is Bodycote, which produces aircraft engine compo-
nents as well as chassis components for aircraft.6 They also conduct
laboratory tests on microstructures and the properties of alloys used
in the aviation industry.

As far as I4.0 is concerned, two ongoing processes can be
observed. On the one hand, there are firms acquainted with I4.0, such
as 3D Robot Sp. z o.o., which develops and implements innovative
robotic technologies dedicated to plants operating in the broadly
defined aviation industry. This is in line with the innovative potenti-
alities related to cluster dynamics, in which specialised suppliers
(also new firms) can support broader technological (and product)
enhancement at the cluster and industry level. On the other hand, in
the group of the leading foreign investors in the Valley are EME Aero,
SAFRAN Transmission Systems Poland, Pratt & Whitney, Collins Aero-
space, MTU, WSK �Swidnik, a Leonardo Helicopters Company, Heli
One and General Electric. Such companies are involved in projects
that exploit Big Data technologies, 3D printing and artificial intelli-
gence. The biggest cluster firms with foreign origin cooperate with
specialized cluster suppliers and R&D institutions. Cluster coopera-
tion is crucial and is the foundation for the broader cooperation
within the Clean Sky 2 project (Fig. 1 below).
3.2.3. R&D entities in the cluster: Knowledge pool in the era of Industry
4.0

One of the leading R&D entities in the Aviation Valley is the Centre
of Advanced Technologies “AERONET Aviation Valley” established in
2004 (PIaFIA, 2013, p. 8). This institution is coordinated by the
Rzesz�ow University of Technology. It has the legal form of
a consortium dedicated to facilitating cooperation between business
and academia. Through joint projects, the consortium develops the
most sophisticated technological solutions. The Rzesz�ow University
of Technology is very much engaged in research focused on the avia-
tion industry, so much that it established the Materials Research Lab-
oratory for the aviation industry. In Europe, it is one of the most
advanced laboratories doing research in modern manufacturing tech-
nologies, including plastic forming and surface engineering, which is
related to aspects of 3D printing.

Another consortium is the Cold Flow Turbine Test Facility. It is a
joint project of Avio Polska WZL Nr 4 S.A. and the research-industrial
consortium Laboratorium Bada�n Napęd�ow Lotniczych “Polonia
Aero,” but also two entities from outside of the cluster: the Warsaw
University of Technology and the Military University of Technology.
5 https://www.defence24.com/industry/new-aviation-industry-facility-in-poland-
rolls-royce-and-safran-investment-in-the-subcarpathian-voivodeship

6 https://www.bodycote.com/pl/press-release-uk-pl/bodycote-to-open-new-plant-
in-poland/

http://rzeszow.wyborcza.pl/rzeszow/7,34962,21831008,dolina-lotnicza-ma-inwestycyjne-zniwa-11-nowych-fabryk.html
http://rzeszow.wyborcza.pl/rzeszow/7,34962,21831008,dolina-lotnicza-ma-inwestycyjne-zniwa-11-nowych-fabryk.html
http://rzeszow.wyborcza.pl/rzeszow/7,34962,21831008,dolina-lotnicza-ma-inwestycyjne-zniwa-11-nowych-fabryk.html
http://rzeszow.wyborcza.pl/rzeszow/7,34962,21831008,dolina-lotnicza-ma-inwestycyjne-zniwa-11-nowych-fabryk.html
https://www.defence24.com/industry/new-aviation-industry-facility-in-poland-rolls-royce-and-safran-investment-in-the-subcarpathian-voivodeship
https://www.defence24.com/industry/new-aviation-industry-facility-in-poland-rolls-royce-and-safran-investment-in-the-subcarpathian-voivodeship
https://www.bodycote.com/pl/press-release-uk-pl/bodycote-to-open-new-plant-in-poland/
https://www.bodycote.com/pl/press-release-uk-pl/bodycote-to-open-new-plant-in-poland/
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The facility is one of the most modern industrial research and devel-
opment laboratories concentrated on testing low-pressure turbine
prototypes worldwide. This investment is worth EUR 50 million.

The strength of the R&D sector in the Aviation Valley is to some
extent the result of cooperation between the Polish Aviation Technol-
ogy Platform and the National Research and the Development Centre
under the leadership of the InnoLot Programme,7 based on a formal
agreement. The National Research and Development Centre has been
obliged to invest around EUR 73 million (60% of the budget of the
project) in research, development and measures supporting the
transfer of results to the aviation sector. The remaining 40% have
been provided by the members of the following associations: Avia-
tion Valley in Rzesz�ow, Wielkopolski Aviation Cluster in Kalisz and
the Bielsko Federation of Airline Companies in Bielsko-Biala. Financ-
ing only went to projects that deliver tangible commercial gain to the
industry. The research projects have so far resulted in around 30 Pol-
ish prototypes and technology demonstrators developed with the
use of 3D printing and robotics.

Other than the initiatives of external companies, we should men-
tion research centres established by cluster firms. For example, the
company WSK “PZL-Rzesz�ow” S.A. (now Pratt & Whitney Rzesz�ow)
implemented the project “The Creation of a Research and Develop-
ment Centre for Aircraft Propulsion Systems.” This initiative was co-
financed by the European Regional Development Fund; European
Union funds within the Operational Programme: Development of
Eastern Poland 2007−2013; Priority axis 1. Modern Economy; and
Measure 1.3 Promoting Innovation. The project was to finance the
construction of a building for the needs of the design and technology
office, adaptation and renovation of facilities which will house engine
test beds, but also the purchase of scientific and research machinery
7 https://www.ncbr.gov.pl/fileadmin/user_upload/import/tt_content/files/1__infor
macje_ogolne.pdf
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and equipment.8 The project was implemented during the period
2012−2015 and created new opportunities for design and engine
testing at WSK Rzesz�ow. Another research centre is the Aircraft
Research and Testing Centre at PZL Mielec, which became famous
due to its manufacturing of helicopter cabins for the Black Hawk.9

The testing processes used prototypes developed with 3D printing
technology and Augmented Reality solutions.

3.2.4. Qualified workforce: Key strength in the ra of Industry 4.0
The long tradition of the aviation industry in Poland is related to

the educational possibilities in this sector. Many major cities of
Poland have Universities that offer programmes for aviation engi-
neers. These education institutions are dispersed all around Poland
so − although Rzesz�ow University of Technology is situated within
the Aviation Valley − graduates from all the above universities are
employed by cluster companies, with the pool of potential employees
reinforced each year by around 20,000 of new professionals.

To provide human resources with a profile required by the indus-
try, there happen constant interactions between universities and
cluster-related companies, during which they discuss their expecta-
tions in terms of staffing. Cluster firms, universities and secondary
schools together promote studies in engineering programmes, while
teachers are trained in aviation companies within the cluster or even
beyond, in other regions of Poland and abroad. Training courses
abroad are possible thanks to the fact that there are subsidiaries of
foreign companies in the Aviation Valley. The courses offered by edu-
cation institutions, R&D entities in Poland and training provided by
foreign firms focus much on the I4.0 solutions, in particular 3D print-
ing. This kind of approach is very much justified by the still relatively
8 http://www.pwrze.com/en/eu-projects-and-tenders
9 http://www.pzlmielec.pl/en/media/news/art,103,300-reasons-to-celebrate-for-

employees-at-pzl-mielec.html

https://www.ncbr.gov.pl/fileadmin/user_upload/import/tt_content/files/1__informacje_ogolne.pdf
https://www.ncbr.gov.pl/fileadmin/user_upload/import/tt_content/files/1__informacje_ogolne.pdf
http://www.pwrze.com/en/eu-projects-and-tenders
http://www.pzlmielec.pl/en/media/news/art,103,300-reasons-to-celebrate-for-employees-at-pzl-mielec.html
http://www.pzlmielec.pl/en/media/news/art,103,300-reasons-to-celebrate-for-employees-at-pzl-mielec.html
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low adoption of 3D printing and robotics in Poland. Only 2% of enter-
prises in Poland uses 3D printing in general, with only 1% for proto-
types or models for sale. However, 5% of enterprises declared the use
of industrial robots in 2018.10

There is a need for the professional teaching of students about
appropriate machinery, tools and software, so cluster firms provide
them together with the training facilities. Since 2016, companies in the
cluster took patronage over 12 schools in the region− technical colleges
and Practical Training Centers − and the whole project has been co-
financed by the Voivode Office. This cooperation is the essence of the
project− the Training centre for Numerically ControlledMachine Oper-
ators − that emerged thanks to the agreement signed by the cluster
organisation Aviation Valley and the above-mentioned schools, the
best ones in the region.Workplaces are available not only in production
but also in R&D, where around 300 new people are needed each year,
and the demand for skilled workers is growing. Training courses and
internship programmes in leading firms are popular. An example of the
cooperation are such programmes as Aviation Management at the
School of Information Technology and Management in Rzesz�ow or Air
Transport Infrastructure at the Cracow University of Technology, with
graduates able to find jobs in the Aviation Valley. The development of
programmes dedicated to the aviation industry has been possible
thanks to EuropeanUnion funds.

What plays a great role in the cooperation between business, R&D
and education institutions is the cluster organisation that promotes
and supports the implementation of a set of actions. According to the
cluster manager, a great emphasis has been put on teaching physics
to students in junior high schools and high schools. For younger kids,
cluster organisation helped to develop the Technical University. The
Faculty of Mechanical Engineering and Aeronautics of the Rzesz�ow
University of Technology offers dual studies in the “Integrated train-
ing of personnel for the aviation industry.” The study program is
based to a large extent on analyses carried out in modern production
plants, which take under consideration the need to redefine the busi-
ness models of aviation firms following I4.0 premises. A separate pro-
gram is targeted at high school teachers. One of the key companies −
Pratt & Whitney Rzesz�ow −organises for teachers of the profession
regular sessions, visits to production departments, meetings to share
knowledge and good practices with respect to I4.0 solutions. The
company co-finances the participation of schools from Rzesz�ow and
the surrounding area in nationwide competitions and the organisa-
tion of technical and science competitions (Olimpiady). The company
took patronage over some classes in schools, first in the Mechanical
School Complex, then also in the Technical School Complex. The
patronage is to support the education of highly qualified personnel
for the aviation industry through a traineeship and internship pro-
gram. All this is to allow students to gain practical experience in a
real business environment penetrated by I4.0 challenges.

Aware of the need to develop the environment for the develop-
ment of technology and the conditions for implementing I4.0, the
Aviation Valley develops soft skills for the European Aerospace Indus-
try in the era of Sky 4.0. The Aviation Valley implements an interna-
tional educational program whose goal is to help Aeronautical
companies from a different European country to meet the challenges
of Industry 4.0 by improving the soft skills of their human resources.
The implementation of work on the project involves not only Polish
(e.g. PZL Mielec) but also foreign members of the Aviation Valley
(Pratt & Whitney). This is to further integrate FS with local partners
at the Aviation Valley and to jointly develop the best practices for cre-
ating a friendly environment for the development of technologies
and employees of industry 4.0.

Currently, the Aviation Valley Cluster coordinates a project enti-
tled Sky 4.0 as part of the ERASMUS + program, which aims to build
curricula on soft skills necessary to implement I4.0 solutions and
technologies in the aviation sector, namely character skills, social
competences and personal development skills.
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3.2.5. Cluster as a platform for international cooperation in the era of
Industry 4.0

The Aviation Valley companies are involved in the Clean Sky 2
program. It is a public-private partnership (PPP) between the Euro-
pean Commission and the EU aviation industry (Fig. 1). The Aviation
Valley is part of the program and participates in that via the Institute
of Aviation which is indicated in Fig. 1. amongst entities involved in
this program we may indicate the Polish domestic companies (such
as Ultratech - http://ultratech.pl/en/about-us-2/, Eurotech - http://
eurotech.com.pl/en/home-2/, Szel-tech - http://szel-tech.pl/index.
php?lang=en), and the Polish R&D organisations (such as the Aviation
Institute), and PZL Mielec (http://www.pzlmielec.pl/en/) a large com-
pany being a foreign subsidiary of Lockhed Martin.

As part of the Clean Sky program, technologies are developed with
the aim of meeting the quality parameters (release of carbon dioxide
− CO2, nitrogen oxides − NOx, noise emissions reduction), reinforc-
ing the competitiveness of the European aviation industry and
increasing the availability of air services through diverse services.
The Clean Sky 2 structure includes joint demonstrations and simula-
tions at the full vehicle level through Innovative Aircraft Demonstra-
tor Platforms (IADPs).

The project activities include Small Air Transport (SAT), initiated
by the Research Network ºukasiewicz − Institute of Aviation from
Poland. The SAT’s mission is to provide an accessible and affordable
high-speed mode of transport in the European interregional network
of connections. Members of the Aviation Valley are involved in all
areas of SAT, both Polish companies and institutes, but also foreign
partners who invested in the Aviation Valley. I4.0 technologies are
being developed that allow the implementation of the SAT activity. In
the Airframe area, coordinated by the ºukasiewicz Research Network
− Institute of Aviation, the most desirable technologies of I4.0 are:
Friction STiR Welding, Additive Manufacturing, Block Structures, and
High-Speed Machining. In this area, five companies and a research
institute −members of the Aviation Valley − participate in the imple-
mentation of the project.

The coordinator of another project from the Engines ITD area
under SAT is GE Avio Italia, which is part of GE Co. GE belongs to a
group of large investors in the Aviation Valley. In the ITD Engines
area, the key developed I4.0 technologies are Additive Manufactur-
ing, Big Data Analysis and New Materials (mainly resistant to high
temperatures). Third area (Systems ITD) − the Cost Optimized Avi-
onic SysTem − is coordinated by Honeywell and the Institute of
Aviation and Rzesz�ow University of Technology. The project
focuses on investigations, testing and delivery of key novel avionic
technologies capable of tackling the most challenging tasks in the
area of avionic solutions. These tasks generally concentrate on
searching for twofold results: the reduction of costs and develop-
ment towards single-pilot cockpit solutions. The Rzesz�ow Univer-
sity of Technology and ºukasiewicz Research Network − Institute
of Aviation are working together on the latter: the Flight Reconfig-
uration System (FRS). This is the avionic sub-system designed to
solve the problem of possible abrupt pilot/crew incapacity to con-
tinue controlling the flight (e.g. in case of abrupt death, loss of
consciousness, loss of geographical awareness, etc.). It is also
worth emphasising that − in addition to local enterprises − mem-
bers of the Aviation Valley, the SAT program includes transnational
corporations such as Leonardo Helicopters Co and GE Co. Thus, the
Aviation Valley operates like a platform for cooperation at the
international level.

In addition to this evidence, we should mention that the cluster orga-
nisation of the Aviation Valley is involved in the cooperation with other
cluster organisations within the European Aerospace Cluster Partnership
(http://www.eacp-aero.eu/). This partnership is dedicated to the imple-
mentation of I4.0 (in particular, to the interconnected smart-factory,
robotics, the automation of production and logistic processes, the devel-
opment of common quality standards).

http://ultratech.pl/en/about-us-2/
http://eurotech.com.pl/en/home-2/
http://eurotech.com.pl/en/home-2/
http://szel-tech.pl/index.php?lang=en
http://szel-tech.pl/index.php?lang=en
http://www.pzlmielec.pl/en/
http://www.eacp-aero.eu/
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4. Discussion

The Polish Aviation Valley manifests cluster-specific advantages and
reflects the attractiveness of clusters for FSs in the era of I4.0. Companies
in the Aviation Valley, in particular FSs, are cooperating with other enti-
ties within ambitious projects such as those related to the I4.0 context.
The implementation of I4.0 may be considered a complex process that
requires fundamental new competences, culture and organizational
change, as well as openness and trust within the value chain Ortt et al.,
(2020). In this scenario being embedded into a cluster for a firm − and in
particular for a FS −may become a successful strategy since clusters rep-
resent conducive knowledge environments connected to the specific
industry domain of I4.0 implementation and use, but also socio-institu-
tional contexts reducing uncertainty (G€otz, 2020). Very intense real coop-
eration between business and academia in the Aviation Valley allows FSs
for the sourcing of technological, market and managerial knowledge nec-
essary to innovate. Thus, not the lower labour cost is the key factor that
make this location a sticky place for MNEs, but the context prone to
knowledge creation, dissemination and further to innovation − pene-
trated by many diverse R&D institutions and domestic companies
equipped in knowledge and sophisticated skills. The manifestation of this
phenomenon is the Clean Sky 2 program, in which the Aviation Valley
entities are involved. The involvement of the Aviation Valley actors in
this program, in particular the Polish domestic companies, and the Polish
R&D organisations and a subsidiary of one leading multinational enter-
prise in the aviation industry is a strong and visible manifestation that
the Aviation Valley does not focus nowadays on the reduction of costs
but its entities are capable to create technological innovation.

The embeddedness of FSs in the Valley is confirmed by their open-
ness to interactions with the R&D sector and local firms, which often
act as suppliers. Consistently with studies highlighting place-based
policies supporting effective I4.0 projects at the territorial level
(De Propris & Bailey, 2020; Hervas-Oliver et al., 2019), the cluster and
cluster organisation facilitate the implementation of I4.0 not only in
the technological but also through their organisational dimension,
not to mention their presence as an integrative element of the whole
clusters’ systems in this industry. The existence of the Valley as a spe-
cific cluster entity acting as local dynamic actor (Gereffi et al., 2017)
allows both cluster firms and FS to reduce transaction costs. Such
transaction costs do not refer to production cost, rather to the costs
related to find reliable partners for ambitious, knowledge-intensive
projects such as I4.0 ones. From this perspective, the degree of cluster
maturity coupled with FS long-term investments within the cluster −
as demonstrated in the Poland Aviation Valley - may represent posi-
tive conditions for FSs in the development or implementation of
effective, valuable I4.0 initiatives.

As the case study suggests, the attractiveness of clusters for FSs
may be further reinforced when cluster members are characterised
by world-class technological level, and it will be appreciated by tech-
nological leaders. This requirement refers to activities and operations
at each level of technological readiness (TRL): starting from tests up
to the final mass manufacturing processes. The cooperation of cluster
members with technological leaders contributes to the legitimisation
and, thus, attractiveness of clusters. It is of great importance in times
of I4.0, when the cost of mistakes depending on the selection of inap-
propriate partners in high-tech sectors is extremely high. Being at
the technological frontiers (i.e. in the case of the aviation domain)
and being able to constantly offer updated knowledge and support
for innovation by cluster firms − suppliers and firms in the support-
ing industries − represents a key asset for FSs looking for experienced
partners for I4.0 projects. In particular through agglomeration clus-
ters may offer a high number of potential partners within a context
of cluster internal heterogeneity (Gereffi et al., 2017; Menzel & For-
nahl, 2009). I4.0 calls for multisectoral and multi-technological think-
ing on the site of cluster members. A good example of this approach
is the work on the new ATP GE engine that utilises 3D printing
8

technologies, Big Data Analytics, robots in the manufacturing pro-
cesses and research on new fuel materials. Nowadays we observe
shift towards smart manufacturing on the side of FSs in the Aviation
Valley but if this trend will prevail it is too early to conclude.

Cooperation in clusters can contribute to the introduction, and
later application, of I4.0 solutions. On the one hand, clusters may
serve as a laboratory to test new ideas and solutions. On the other
hand, they make easier the search for specialised business partners
and the support provided by public bodies. These are advantages for
cluster entities regardless of their origin. Even if MNEs that establish
their FSs within clusters may face the liability of foreignness, thanks
to the nature of clusters − reflected in pro-cooperative climate − FSs
in clusters are better equipped to cope with the burden of not being a
local company. Links to local entities positively influence the legiti-
macy of a FS. Moreover, thanks to the configuration and coordination
of their operations, MNEs may exploit cluster advantages provided
by different locations. In the context of I4.0, clusters may become
bridges in the global space and foreign subsidiaries equipped with
relations with their host market partners may further international-
ise creating links with entities in other clusters, further reinforcing
knowledge exchange connected to I4.0 investments. FSs act as gate-
keepers further pushing innovation connected to I4.0 within the clus-
ter (Hervas-Oliver et al., 2020) but at the same time clusters can
become new platforms for technological innovation worldwide fur-
ther nurturing I4.0 strategies of MNEs.

5. Conclusion

The study presented in this paper was to combine the concept of
cluster attractiveness with the concept of I4.0; the study was con-
ducted from the perspective of MNEs establishing their subsidiaries
in clusters. By doing so, we looked for arguments whereby − despite
the trend towards digitalisation, technological advancements and the
emergence of cyber-physical systems − locating an FS within a clus-
ter may still be attractive. In this way, we presented how clusters
may be useful in the new reality and how the fourth industrial revo-
lution may redefine cluster attractiveness. The Aviation Valley in
Poland is a tangible example of the still noticeable attractiveness of
clusters for FSs. In relation to other industries, the aviation industry is
very much infiltrated by I4.0 solutions and its participants are still
eager to cluster. Thus, we need to explore how the attractiveness of
clusters will work in case of less technologically innovative indus-
tries. However, we may assume that since I4.0 is much about techno-
logical but organisational innovation, as well clusters may stay
attractive for FSs in industries that are penetrated more by non-tech-
nological innovation.

The study suffers from certain limitations. The biggest drawback is
the focus on just the aviation cluster and in just one location. The
next step is to broaden the study and provide international clusters’
comparisons. Another thing is the necessity to deepen the results and
conduct further qualitative analysis with cluster firms so as to com-
pare the perception of reality amongst local firms and FSs to further
evaluate whether the I4.0 adoption has been pushed by FSs or local
firms also have a proactive role in such dynamics. Another future
stream of research could use the story about the Aviation Valley in
Poland to explain how high-tech manufacturing clusters in the indus-
trialising Eastern EU countries also re-emerged under the push of
various types of investment strategies by MNEs, which will contrib-
ute to the discussion by Cowling and Tomlinson (2011), who argue
that to ensure economic development we need economic governance
structures that serve the wider public interest.
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