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Abstract. Companies are currently preparing for the fourth industrial revolution,
which is envisioned to radically change manufacturing processes, logistics and
business models in global manufacturing networks. Previous research have emphasized the need to respond to the changing landscape of the digital economy in
dynamic and innovative ways. This study aims at exploring how small and medium-sized companies are prepared to meet this opportunity and challenge. In
order to do this we have applied insights from innovation theories and empirical
findings from eight companies that are part of two industrial clusters. The findings in this study indicate that even though most of the case companies have ambitions to position themselves in a new digital landscape, they prepare themselves
differently. We see that organizations that has progressed furthest in implementing Industry4.0 related concepts are the ones that make actively use of their external network in cooperation and sharing knowledge. These companies also have
managed the balance between exploration and exploitation internally, where employees are both engaged in efficient manufacturing of existing products and
product development. Consequently, we claim that both openness and organizational ambidexterity is vital for successful implementation of Industry 4.0.
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Introduction

The term “Industrie 4.0” originates from a governmental high-tech strategy in Germany, promoting the computerization of manufacturing [1]. This strategy which is referred to as the fourth industrial revolution, includes initiatives termed the Industrial
Internet, Factories of The Future, and Cyber Physical Systems (CPS). The accelerated
use of Internet of Things (IoT)-technologies is a driving force for this development [2].
Industry 4.0 encompasses a broad range of technologies and concepts, and is generally
referred to as digitization. In the context of manufacturing, Industry 4.0 focuses on intelligent products and production processes [3]. In the envisioned factory of the future,
or smart factory, CPS will enable communication between machines, products and humans. The products are intelligent and customized, to accommodate for the increased
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need for rapid product development, flexible production and increasingly complex environments [4]. According to Brettel et al, this development leads to an increased importance of collaborative manufacturing and collaborative development environments,
especially for Small and Medium Enterprises (SME) [3].
A challenge for manufacturers is their ability to keeping up with escalating technological change [5]. This applies not only the purely technical aspects, but involves the
socio-technological systems, as intelligently networked objects in manufacturing is expected to constitute tasks distributed in time, space and content, and thereby change the
content of work [6]. This will require new competence as well as increased worker
flexibility, and the design of systems in the age of Industry 4.0 needs to be human centered in all parts of the manufacturing network [1], as the fourth industrial revolution
aims at creating synergetic collaboration between humans and machines [7]. Hence,
implementing Industry 4.0-concepts, requires not only implementing new technology
and infrastructure, but also to adopt a completely different organizational setup, and a
set of processes that are different from those found in traditional manufacturing [8].
This will lead to the development of innovative communication, different competence
requirements, and interdisciplinary collaboration [7]. Moreover, the introduction of
digital technology is expected to create unseen and unexpected fault lines, and also
accelerate the pace of innovation [9].
With this as a point of departure, we may consider the implementation of concepts
from the fourth industrial revolution as an open process that requires innovation capabilities inside the organization, as well as an openness for collaboration with other companies in a network, e.g. other cluster companies. Hence, in the following we will present theories addressing innovation internally to organizations, and innovation in the
digital age with intensified networking.

2

Literature review

2.1

Innovation in organization

March claimed that for long-time survival, firms need to configure organizational resources to exploit existing assets and positions in a profit-producing way, while simultaneously explore new technologies and markets [10]. In this lies a fundamental tension
between what he terms exploitation and exploration. Furthermore, firms are confronted
with the basic problem of having sufficient exploitation to secure its current viability
while engaging in enough exploration to ensure future viability. Several streams of literature have sought to address this fundamental problem. One of them is the literature
on dynamic capabilities that is concerned about companies’ “ability to sense, seize and
reconfigure organizational assets to adapt to changed environmental conditions” [11].
According to O’Reilly and Tushman [12], the ability to balance exploitation and
exploration, that is being ambidextrous, is at the core of dynamic capabilities. Managers
must sense changes in the organization’s environment, including potential changes in
technology, market and regulation, and be able to act on the opportunities and threats
by reconfiguring the organization’s assets [13].

How do firms manage to balance this tension between exploration and exploitation?
O’ Reilly and Tushman [11] claim that ambidexterity requires commitment of resources
to exploratory projects and establishing separate but aligned organizational units for
exploitation and exploration, and these should have aligned organizational architectures. Here, leadership is essential in resolving the tensions arising from the two separate units and architectures. O’Reilly and Tushman stress that the organization’s strategy needs to reflect an importance of both exploration and exploitation that is articulated through shared vision and provide a common identity. Furthermore, they suggest
building senior teams that are committed to the ambidextrous strategy, which had incentives to both explore and exploit. Based on the above, we see that the strategic
choices by the leaders of an organization are essential for facilitating innovation for
future competitiveness, while exploiting existing assets to secure running profit. This
comprise the dynamic capabilities of a company [14], which is necessary to survive in
the long run [15]. However, a criticism to the literature on dynamic capabilities and
organizational ambidexterity, is that it views the organization in isolation, and does not
take into account that innovativeness and organizational survival is dependent on the
organization being a part of a larger network of companies [16]. This view of innovation is challenged by the network view of innovation, as the concept of open innovation,
which will be addressed in the following.
2.2

Innovation in the age of digitization

Digitalization can be referred to as generation of new knowledge that could not be possible without digital technologies [17] Yoo et al [18] defines digital innovation as “the
carrying out of new combinations of digital and physical components to produce novel
products” (p. 725), which reflect a product centered view of digitization. Furthermore,
they claim that adoption of pervasive digital technology is fundamentally reshaping
organizations, and change the very nature of innovation in organizations. Yoo et al [9]
claim that this happens in three ways: The importance of digital technology platforms,
the emergence of distributed innovations, and the prevalence of combinatorial innovations (p 1400). In this study, we focus on the second; distributed innovations.
Distributed innovations mean that innovation activities are spread across multiple
organizations, as opposed to the view that innovation processes takes place internally
in organizations. This is in line with the concept of open innovation, which Chesbrough
define as “the use of purposive inflows and outflows of knowledge to accelerate internal
innovation and expand the markets for external use of innovation” [19]. When introduced, this represented a paradigm shift from the closed view where innovative process
was confined within the company’s borders, where internal innovation activities led to
internally developed products and services that subsequently were distributed by the
firm. In contrast, in the open innovation model, companies use external as well as internal ideas and knowledge to advance their technology and combine ideas into architectures and systems in order to create value [19]. According to Yoo et al [9], digital
technology intensifies the aspect of innovation emphasized by the open innovation
model, in that heterogeneity as well as the need for dynamically balancing and integrating of knowledge resources, becomes even more important. However, their arguments

are strongly based on technology and use of digital tools. Moreover, the recent examples of innovation associated with concepts from digitization and Industry 4.0 is largely
based on companies that are parts of a networks with a large number of companies and
are delivering products and services to a mass market. There is a lack of knowledge
shedding light on how small and medium sized companies being part of a regional innovation networks, are approaching the fourth industrial revolution. Moreover, there
are few studies exploring what role the innovation processes plays in the implementing
of concepts and technology related to Industry 4.0. This study aims at filling this gap.

3

Methodology

In this study, we aim at contributing to filling the gaps in the literature by adopting a
multiple case study design [20, 21]. We have carried out case studies in order to gain
insight into how small and medium-sized companies in regional clusters are prepared
to meet opportunities and challenges represented by the fourth industrial revolution,
from an innovation perspective. Data was collected through semi-structured interviews
with top managers in eight manufacturing companies, representing two regional clusters based in North-West Norway. Additional data was collected in workshops and
meetings with cluster companies.
The data collection aimed at revealing how the companies looked upon Industry 4.0
and related concepts, their strategy for meeting this challenge and opportunity, and their
thoughts about how far they had come in implementing Industry 4.0-related concepts
internally in their organization. Moreover, we wanted to map their innovation process
internally, as well as how they involved other companies external to their organization.
Finally, the respondents were asked to reflect upon the possible challenges for moving
into the next digital age.

4

Case companies

The case companies were selected from two industrial clusters in the North West part
of Norway, representing a high-cost manufacturing context. Both clusters are part of
the Norwegian cluster program, where both are at first out of three levels, being clusters
at an early stage of development. The establishment of both clusters have created important arenas for networking and competence building. The cluster projects were established in a situation with little cooperation between companies, and have quickly
shifted into a new way of working characterized by openness, trust and cooperation.
Cluster A is a cluster covering 38 companies within several industries, as manufacturers of equipment and services to the offshore and maritime industry, plastic component manufacturers, process industry, electronics companies, consultants, logistics
companies, among others. Cluster B is an industry cluster including 12 companies manufacturing finished goods, mainly furniture. The companies delivers the products
mostly to wholesalers, and the end-market covers private customers and contract customers nationally as well as globally.

Both clusters focus on Industry 4.0 as a part of their cluster strategies, although in
slightly different ways. Cluster A has named the concept “Industrial Internet” as the
main strategy of the cluster, and have facilitated several initiatives involving cluster
companies that aims at building competence in this field. This involves IoT (Internet of
Things), Big Data, sensory, 3D printing, VR (Virtual Reality), AR (augment reality),
AI (Artificial Intelligence), robotics and automation. Lately, they have focused mainly
on how digital insights on these new technologies may represent new sustainability
business models, products and services.
Cluster B builds on a common desire to build stronger international competitiveness
based on strong brands among their members. They have oriented themselves towards
digital business models, and are currently organizing an educational program for their
members, focusing on this issue. Both clusters are involved as industry partners in competence building projects addressing issues associated with Industry 4.0, and aim at
establishing new projects with research groups nationally as well as internationally.
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Findings

5.1

The concept of Industry 4.0

The concept “Industry 4.0” itself was well known among all the case companies,
which should be expected based on the increased attention surrounding this topic the
last years, especially from the two cluster organizations. The companies views Industry
4.0 and related topics as being described as both an opportunity but also a necessity in
order to stay competitive. Six of the companies describes Industry 4.0 as a part of their
strategies and ambitions for the future. However, at this point the implementation of
new technology in manufacturing and digital integration with external actors, is relatively limited in the majority of the companies.
Although our case companies describes Industry 4.0 as an opportunity, it is also
considered as a fuzzy concept for SMEs. Several of the companies were uncertain what
the implications of the recent development in digitalization would be, which is reflected
in one of the CEOs reflection: "Industry 4.0 technologies is first and foremost relevant
as a mean [towards a goal]”, and another one pointed out that "we are not there [industry 4.0] yet". These respondents were not clear about how to position themselves in
relatiion to Industry 4.0, which reveals a gap between the expressed ambition and their
current situation.
Furthermore, the findings revealed that companies perceived Industry 4.0 and the
associated technology differently, and put different emphasize on their internal manufacturing processes or the product itself. Here, we could observe differences between
the two clusters. Firms from cluster B gave more attention to key enabling technologies
associated with their products, as the integration of sensors giving the opportunity to
collect user data. Companies from cluster A focused more on the use of new technologies that could improve the efficiency of their manufacturing processes.

5.2

Innovation

Exploration and exploitation.
Based on the theory presented above, we assessed the case companies’ innovation strategy. It varied significantly how companies carried out their product development processes related to existing and new products, while carrying out their daily business. On
the most explorative side, the founder and manager of one of the companies expressed
their strategy in these words:
“Our success and focus has been not to only sell the original [basic] product, but
to sell the complete product. Our main motive has been to develop new technology that
is adapted to the market.”
The company is continuously working with development of new business models
and the implementation of new technologies. This strategy turned out to be important
when they experienced that their main product lost market shares the recent years. Then
they could turn to their new and innovative products, which they had worked with “on
the side”. In this company, employees were heavily involved in the innovation processes: “It has been important to develop a culture in the company were people want
to develop themselves”. In addition to this company, three other companies in the study
could be characterized as being explorative in the sense that they seek new opportunities, and are able to develop new products while attending to their existing business.
In contrast, the CEO of another regional company reported that their innovation
processes mainly took place outside of the company, from where they purchased new
designs and concepts. This company also reported low level of technology use: “there
is not much technology around here”, and was mainly concerned about upgrading the
existing ERP system. Another case company in the same cluster and producing relatively similar products to the same market, had a different ambition and strategy regarding technology use, and was currently investing in new data driven manufacturing
equipment. This illustrate that there are other factors than the characteristics of the
product, market or manufacturing context that are governing how a company prepare
for implementing new technology.
Networks
Being members of two clusters organizations, the companies has opportunities to participate in arenas where knowledge is being shared. However, we found that the use of
these arenas varied considerably among the case companies, and the general impression
was that the companies that were oriented towards internal innovation, also were the
ones most actively drawing on external networks. Not only within the clusters, but also
between the two clusters and through other networks. One respondent from cluster A
illustrated this by the statement: “If you are going to be innovative, you have to work
with other companies”. This company had recently developed an innovative product
that was a result of cooperation with internal personnel, a company from another industry (cluster A), and an external actor. Another respondent claimed that “a network have
two sides: both the social responsibility and contacts in the network are important.”

Furthermore, both clusters aim at increasing the member’s knowledge within the
field of digitization, new business models, and innovation. The clusters have established educational programs in cooperation with universities and university colleges
within this field. Several respondents reported that they were part of these programs,
and for one of the companies, this was the only arena for cluster participation.

6

Discussion and conclusions

This study has examined how eight manufacturing SMEs in two clusters in North-West
Norway prepare themselves for the future of Industry 4.0. Contrary to the recent literature addressing Industry 4.0, we have based our study on innovation literature. In this
literature, the terms exploration and exploitation are terms that are mostly used as terms
inside the companies, and innovation in network has been regarded as an alternative
approach. In our study we have seen that this goes hand in hand; the companies that
handle the ambidexterity of innovation, that means being able to explore new business
opportunities as well as attending to and improving their current activities, also are the
ones that draw heavily on external networks in their innovation processes. This is illustrated by a quote from one of the managers; “you have to attend to the daily activities,
but you have to be able to look forward at the same time”. O’Reilly and Tushman [11]
claim that companies need to carry out the explorative activities in a separate organizational unit, which is done in two of our case companies. However, our findings from
these small and medium-sized companies indicate that several of them were able to
combine both exploration and exploitation, without having a separate organizational
unit for exoloration activities, and in fact were the ones that were most innovative and
had come furthest in implementing new technology in their products.
Moreover, we see that companies that have managed the balance between exploration and exploitation internally also are the ones that make actively use of their external
network in cooperation and sharing knowledge, and that has progressed furthest in implementing Industry 4.0 related concepts. This demonstrate and confirms the claims
made by Yoo et al [9], that the implementation of digital technology intensifies the need
of open innovation model. Hence, both openness and organizational ambidexterity
seems to be important for implementation of Industry 4.0 for small and medium sized
companies, which are challenged by limited resources for explorative activities.
The implications of our findings is that the first step of implementing/orienting towards Industry 4.0 is to create a culture for innovation in the organization with employee involvement, while establishing collaboration with other companies in networks. Moreover, the company needs an explicit strategy and ambitions towards implementing enabling technology. Eventually, our findings emphasize the importance of
being part of clusters and extra cluster networks when preparing for the fourth industrial
revolution.
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