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Since Henry Chesbrough coined the term of Open Innovation in 2003, it has attracted
increasing interest from academics, practitioners and policy-makers alike. More than
a decade after, some noticeable and contrasted facts emerge. First, Open Innovation
has deeply penetrated the research realms, across disciplines, yet mainly in business,
economics and management. Interestingly, this research has primarily focused on the
inbound side of Open Innovation, first depicting the phenomenon, then exploring the
contingencies and processes, and finally, examining the relationship between Open
Innovation adoption and performance. Qualitative, exploratory research has been
progressively complemented by large-scale, empirical studies. Unfortunately, few
studies exploit indicators going beyond the usual suspects, such as cooperation
practices, information sourcing, strategic alliances, joint patenting, and the like to
capture the complex and multifaceted nature of Open Innovation. The Outbound, and
concomitantly, the coupled side of Open innovation is now gaining more popularity
within the research community, with seminal contributions, usually depicting how
firms can leverage on external channels to increase their profits and societal impact.
An illustration of such research, authored by Chesbrough and Chen, is included in this
thematic issue. This broadening of the scope of research on Open Innovation may
signal a growing awareness of firms for alternative ways to monetize their novelties
in times of uncertainty, complexity, volatility and ambiguity. It may also reflect a
shift in the mindset of organizations, thanks to innumerable initiatives, networks,
conferences, communities and events focusing on Open Innovation, with brilliant
keynote speeches, excellent illustrations and showcases. The policy making arena is
also increasingly involved and is actively shaping the R&D and innovation programs
so that they require the involvement of several stakeholders, they advocate for an
open and inclusive approach. Among this myriad of initiatives, we purposefully want
to shed light on three of those, which also resonate with our aim of combining
academia, practice and policy-making. First, the largest European-funded network,
OI-Net, which aims at shaping new curricula centered on Open Innovation. The
young generation is our future. Raising their awareness to Open Innovation and its
foundational principles, is key as it may impact their propensity to implement Open
Innovation practices, and to avoid the typical syndromes hampering its success,
namely the “not-invented-here” (Katz & Allen, 1982) and the “not-sold-here”
(Lichtenthaler et al., 2010) and to the best of our knowledge, the not-yet coined “not-
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funded-here” syndrome. Second, the MOOI (Managing and Organizing Open
Innovation, mooiforum.com) forum, which is an online community of professionals
active in the field of Open Innovation, and which teams up with academics to develop
actionable content for innovation managers and leaders. Third, the Open Innovation
2.0 initiative, which describes itself as “a positive approach for innovation which
helps solving key European challenges by embracing change, not resisting it!”(Digital
Agenda, European Commission). Bringing together stakeholders from all
backgrounds, fields, disciplines, businesses, and organizations, this forum and
conference is a key platform for thought leadership in the field of Open Innovation.
These initiatives, and many others, reflect the shift in individual mindsets, in
organizational behavior, and in public policy development. They also pinpoint that
Open Innovation is growing concurrently with the richness of approaches used to
apprehend and comprehend it, the mingling of diverse scholars, disciplines and fields,
and the increasing maturity and readiness of organizations to turn its principles into
practice. As the say goes, Rome has not been built in a day, so this is the first
thematic issue on Open Innovation and we are already looking forward to next year’s
edition, hoping that giant and robust leaps will have been performed in the
understanding of Open Innovation, and in its implementation in practice with societal
impact. We advocate an even diverse and richer research in the field, at all levels of
analysis, and for positive evolution of organization ethos regarding Open Innovation.

The Academic Letter of this Issue, by Torkkeli and Mention, elaborates on the
emergence of Open Innovation as an academic field. Since the term was originally
coined by Chesbrough (2003), Open Innovation has attracted increasing interest from
scholars, practitioners and policy-makers. This simultaneous enthusiasm from all
communities has materialized into a growing number of academic publications, an
expanding awareness and adoption of OI practices by firms, across all sectors, sizes
and industries, and by the elaboration of public policies fostering the implementation
of OI. These rationales have supported the development of the largest European-
funded network in the field of OI (namely, OI-Net, www.oi-net.eu), which aims at
developing academic curricula where Ol is the cornerstone. Education is one of the
most powerful tools to shape the future. Developing curricula, targeting all levels of
education, from bachelor to executive masters and PhDs, revolving around OI and
establishing it as a discipline is the intended contribution of this network.

The second Letter of this Issue reviews the evolution of OI, and elaborates on the new
era of Open Innovation 2.0, which is defined as “a new paradigm based on principles
of integrated multidisciplinary collaboration, co-created share value, cultivated
innovation ecosystems, unleashed exponential technologies, and focus on innovation
adoption”, as stated by Curley in his Letter. One of the tenets of this new paradigm is
the involvement of civil society, as well as the simultaneous prerequisites of having a
common Vvision, aiming at delivering value and sharing values. Curley further
discusses the role of intelligent solutions, and the role of ICT as a transformational
tool for addressing societal challenges. After giving a couple of examples of OI2.0
initiatives in action, Curley elaborates on the need for measuring innovation,
depicting the research yield index, which apparently avoids the traditional pitfalls of
measurement systems, and adopts an impact-based approach.

The third Letter of this Issue by Erkinheimo et al. discusses about crowdsourcing and
how this practice can affect the leanness and success of start-ups. The Authors
provide illustrations on several mechanisms which can help start-ups grow and
innovate, relying on the crowd either for the development of products and services or
for achieving internal process innovations. They also elaborate on how crowdsourcing
can influence the decision-making process in the early stage of innovation.

The opening article of this Issue is a contribution co-authored by the Father of Open
Innovation, Henry Chesbrough. In their article, Chesbrough and Chen explore the
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effectiveness of the outbound Open Innovation strategy to recover abandoned, yet
developed at high costs, pharmaceutical compounds. In doing so, they enrich the
stream of research on the outbound side of Open Innovation, which remains relatively
scarcely covered to date, and they unveil how such a strategy can help address unmet
societal needs while simultaneously widening the pool of revenue sources and
business models for the pharmaceutical industry.

In their research on the relationship between OI practices and performance, which is
captured through three manifest variables, Ahn et al. concentrate on a sample of 306
innovative Korean SMEs. Their empirical study, which responds to the call for more
quantitatively-grounded research on the essential relationship between innovation and
performance, unveils that broad and intensive OI adoption positively affects the
performance of the firm. Their findings also indicate, in contrast to prior literature,
that adopting many OI modes may not harm the performance of the firm, suggesting
to some extent, that there is no such thing as “too much openness”. Nevertheless, their
findings also reveal that not all OI modes affect performance positively and further
stress that technology and market-oriented OI modes, taking the forms of joint R&D,
user involvement and open sourcing, which involve relatively low levels of change
can positively enhance firm’s performance. Finally, they confirm that innovative
SMESs can benefit from cooperation with non-competing parties such as customers,
consultancies, intermediaries and public research institutes.

In their empirical contribution, Alvarez and Iske concentrate on low and medium tech
SMEs as they are a significant component of the European economy. Their research
aims at testing the complementarity or substitutability between internal innovation
capabilities and external knowledge sourcing, distinguishing between technology and
market knowledge sources, and their effect on innovation performance, measured as
the successful introduction of new products to the market. Their results confirm the
widely acknowledged fact that product innovation in low and medium tech industries
is not only about technology but is rather a market-driven process. Exploring further
the interplay between internal capabilities and knowledge sourcing, their findings
unveil that technological capability and external technology knowledge sourcing are
substitute, thus leading to a negative relationship between them. Their exploratory
study of 142 Dutch SMEs further uncover a negative interplay between marketing
capability and external market knowledge sourcing. These last findings pave the way
for further research in this specific type of firm, and a deeper understanding of the
framework conditions, as well as the contingencies for Open Innovation to unleash its
potential benefits in this peculiar setting.

Prud’homme van Reine elaborates a comprehensive framework comprising a set of
nine connecting capabilities, which is intended as an analytical tool to assess the
readiness of firms towards Open Innovation. The Scholar empirically validates the
developed framework in two Dutch regions which display comparable features
including specialized clusters. This exploratory study unveils that the technology
industry is ahead, compared to the knowledge intensive business services sector, in
terms of its ability to benefit from Open Innovation, which may be the consequence
of prior and long experience in innovation networking. Prud’homme van Reine
further advocates that the framework of connecting and networking capabilities is a
promising tool to support companies in their journey of joint value creation and
capture in open innovation networks. Policy implications, namely the framework
conditions to set up an efficient and effective regional open innovation ecosystem, are
also provided.

Virlée et al. concentrate on the largely ignored service industry and explore the
contextual factors conducive to the adoption of OI practices, as well as the types of
practices implemented. Based on an in-depth review of the literature on OI focusing
on services, the Scholars elaborate a framework unveiling four practices, classified
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according to their inbound versus outbound nature and the degree of control or
freedom, embracing the monetary and non-monetary features. Their empirical study
of eighteen service SMEs from high tech and knowledge intensive service firms
uncovers that SMEs are more prone to adopt inbound OI practices, whereas the
decision on which sub-practice should be adopted is largely determined by the type of
actor, the firm’s vulnerability, its internal managerial skills and the existence of
complementarities.

In “Open Innovation research: trends and influences — a bibliometric analysis”, Santos
reviews the abundant literature on OI over the 2003-2013 period. His undertaking
pursues a threefold objective: first, to characterize the Scopus-listed literature in the
field; second, to explore the theoretical influence on OI research and third to analyze
the influence of OI literature on other fields of research. His contribution unveils the
prominent and most prolific scholars in the field, traces the roots of OI in several
areas of economics and management, and also highlights the linkages and
interrelationships, as well as the lack of those, with innovation systems, clusters and
networks, public policy analysis and the need for further research on OI at individual
level. Santos further advocates for an enlargement of the scope of OI research,
through diversification strategies, in terms of e.g. units of analysis, methods and
disciplines.

This call for an enlargement of the research scope of OI resonates with our views, and
depicts the necessary evolution of OI, as a new paradigm for addressing the
challenges and transformational needs of the 21* Century and hopefully achieving
Ramaswami & Ozsan’s 3Ws, “Wealth, Welfare and Wellbeing for our societies.

We would like to conclude this editorial by thanking Prof. Giovanni Perrone,
Universita degli Studi di Palermo, and Associate Editor of the Journal of Innovation
Management for his valuable contribution in producing this Issue. We also would like
to welcome onboard of our journey Dimitrios Salampasis, an Open Innovation
Scholar and our first Editorial Assistant.

We wish you an enlightening journey in your reading of this issue of the Journal of
Innovation Management.

Innovatively Yours,

Anne-Laure Mention, Marko Torkkeli, Jodo José Pinto Ferreira
Editors
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Abstract. Open Innovation has been attracting an increasing interest from
academics and practitioners alike over the last decade. Companies are
increasingly prone to engage in Open Innovation journeys, yet they face a
myriad of challenges, including the fact that their workforce is not endowed
with skills that are required to smoothly implement Open Innovation.
Interestingly, despite the growing interest of all communities, education in the
field is clearly lagging behind, as the analysis of existing innovation curricula
reflects. While universities should empower young generations with
tomorrow’s required skillsets, they apparently disregard an essential component
and neglect to adopt a foresight approach on their core business. In this
Academic Letter, we argue that this may relate to the fact that Open Innovation
is not yet recognized as a discipline per se and we discuss six forces that may
help elevate it to this stage. Overall, we also aim to demonstrate that the journey
to establish Open Innovation as a field of education is only beginning.

Keywords. Discipline, Emergence, Teaching, Research field,
Professionalization, Open Innovation

1. Introduction

The European Union has placed innovation high on its agenda, since the Lisbon
Strategy, aiming at making Europe the most innovative and competitive economy in
the world, along with the subsequent EU2020 strategy, targeting a smart, inclusive
and sustainable growth for its Member States. The implementation of those strategies
has taken various forms and facets including the development of innovative funding
instruments covering the whole spectrum from basic research to the diffusion of
novelties. The Juncker plan is another recent mechanism to support the renewal,
growth and competitiveness of European industries, as well as its transformation to
address new societal challenges. As stated by the European Investment Bank, being
the entity overseeing its implementation, the Investment Plan for Europe aims to
revive investment in strategic projects around Europe so as to ensure that money
reaches the real economy. This should unlock an additional investment of at least
EUR 315bn over the next three years. (European Investment Bank website).

2.  On the largest EU network for Open Innovation education

Among the variety of instruments and vehicles created by the European Union to
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support Europe face its current and future challenges, is the Erasmus Programme.
Originally focused on fostering the mobility of students and researchers, it nowadays
covers a wider range of activities, including the set-up of large academic networks.
Foreseeing the opportunity to leverage on a large, European-wide network to federate
actors and establish Open Innovation as a field of teaching, the OI-NET proposal was
submitted by Torkkeli. The purpose of this project, now funded under the Erasmus
scheme, is multifold. Firstly, it aims to define a joint framework for curricula on Open
Innovation on a European level. Secondly, it aspires to explore how such curricula
can complement or supplement existing schemes offered by universities and higher
education institutions, including its recognition in terms of educational credits, i.e. the
so-called ECTS. Thirdly, it targets the development of customized modules, based on
the peculiarities of the different structures of European economies. Fourthly, it
addresses the elaboration of an online library of cases embracing all aspects of Open
Innovation for educational purposes. Fifthly, its purpose is to build a sustainable
community, with a shared interest in the field of Open Innovation, and self-
reinforcing the awareness raising both among high education institutions, companies,
associations, policy makers and civil society. Ultimately, the purpose of the project is
to establish Open Innovation as a self-standing discipline per se. In practical terms, it
started with a survey on Open Innovation practices implementation across the main
industries of every European country involved. It further explored what skills are
specific to Open Innovation implementation, covering explorative, exploitative,
transformational categories of skills to name just a few. In parallel, case studies
encompassing strategic concerns, i.e. why do firms engage into Open Innovation
strategies; organizational questions, i.e. what modes and practices of Open Innovation
are selected, how are those implement, and what are the obstacles and catalysts for
doing so; and performance-related issues, such as what is the impact of Open
Innovation practices on firm’s performance. Concomitantly, a review of existing
curricula, and to what extent they include Open Innovation distinctively, has been
performed. Another team of Open Innovation experts built the structure of the
curricula, defined indicators and progress markers as well as the learning outcomes.
Next steps include pilot testing of the developed modules, as well as further
development, involving multidisciplinary teams, to enrich this first basis. Gathering
more than 50 experts across Europe and through a coordinated effort, the underlying
purpose is to elevate Open Innovation to the status of a field of teaching and to
establish it as a discipline per se.

3. Establishing OI as a field of education

Such initiative can be analyzed through the lens of Aldrich’s view on the emergence
of an academic field. According to Aldrich (2012), six forces create the institutional
infrastructure to establish a field: social networking, publication opportunities,
training and mentoring, funding sources, recognitions and rewards, globalizing forces.
We will review the OI-NET initiative from the perspective of these forces. Social
networking is achieved through the gathering of a wide community of academics and
practitioners, from one of the leading worldwide economy, the European Union, thus
building a community in itself. The interaction of this community with the wider
innovation management community and the natural embeddedness, both at individual
and at collective level with innovation management professional associations, leading
groups and conferences, demonstrate the synergies between Open Innovation and
Innovation Management. Yet, dedicated conferences, such as the World Open
Innovation Conference, the Open Innovation Forum, the Open Innovation 2.0
Conference, as well as dedicated tracks during leading innovation events, provide
evidence of the need to hold self-alone events revolving around Open Innovation.

http://www.open-jim.org 6
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Second, the number of Special Issues in leading academic journals such as R&D
Management, Technovation and Research Policy, dedicated to Open Innovation, has
grown drastically over the last decade. This Journal is also supporting the emergence
of Open Innovation as an academic field, through this first Issue entirely dedicated to
a single theme, yet addressed through multiple facets and lenses in line with our
multidisciplinary philosophy. The number of books on Open Innovation is also
booming, irrespectively of whether these are academically grounded or addressing a
managerial audience. Training programmes are the core focus of the OI-NET project,
and it complements and supplements other initiatives, such as professional workshops
and PhD seminars (e.g. ESADE’s PhD seminars by Henry Chesbrough). Funding of
Open Innovation research certainly deserves further attention, as it currently seems to
be included in wider funding schemes. Similarly, regular data collection on Open
Innovation practices, through surveys similar to the Global Entrepreneurship Monitor
originally funded by the Kauffman Foundation (Aldrich, 2012). Currently, large-scale
innovation surveys fail to capture the multifaceted nature of Open Innovation. More
specifically, the Community Innovation Survey, which is the harmonized instrument
to collect information about innovation inputs, practices, and outcomes, across
Europe and most OECD countries, includes a few questions, which reflect inbound
Open Innovation practices but disregards the outbound side at this stage. Awards for
Open Innovation exist (see e.g. The American Leaders), yet in the eyes of these
Authors, much remains to be done in order to nurture the recognition of the research
and the achievements in the field. Globalizing forces take various forms for Open
Innovation research: it has now significantly departed from its original scope
(defining, characterizing and depicting the phenomenon), geographical and sectoral
areas for empirical investigations. Nowadays, Open Innovation research covers all
industries and adopts a worldwide approach, even if there is a predominance of US
and European-based research. Yet, there is no doubt that this will be changing shortly.

4. Perspectives

This journey is only at its beginning. Current literature is still extensively debating
about the relevance, usefulness and applicability of Open Innovation. Numerous
scholars have expressed their concerns and criticisms about Open Innovation, have
questioned whether it should be considered as a concept, paradigm or simply a
(relatively) new managerial fad. By challenging Open Innovation, these criticisms
induce new reflections, thoughts and actions, so as to constructively contribute to this
vibrant debate on what Open Innovation entails and to what extent it is valuable to
depict economic and managerial phenomena. To raise Open Innovation to the status
of a discipline, to convince universities and decision-makers to invest into the
development of dedicated curricula and trainings will still require lots of effort and
dedication. Our conviction is that Open Innovation needs to be debated in different
arenas from a multidisciplinary perspective, and most importantly, with insights from
thought leaders, policy makers and the civil society. As we conclude in “Open
Innovation: a multifaceted perspective” (Mention & Torkkeli, 2015), Open
Innovation requires to astutely combine eight O’s, “Openness is central, and
embodies the overall philosophy of the innovation process as seen nowadays.
Openness entails the ability to listen to different, even divergent, Opinions, so as to be
receptive to other mindsets, cultures, environments and to transform these into
Opportunities. Individuals, teams, firms, organizations, nations, societies should
capture Opportunities in a meaningful, productive, efficient and effective manner so
as to create value. Value creation requires the ability to achieve a perfect
Orchestration of capabilities, both individual and collective abilities and capabilities.
Such Orchestration may benefit from Observation, conducted by third parties,
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providing impartial and fair advice, or from Observation of third parties, such as
competitors, suppliers, customers and all stakeholders involved in the value
constellation. Optimization is the Holy Grail and may, at least partially, rely on the
technological progress, which is still booming nowadays. The use of technologies, as
well as the reshaping of ecosystems, requires more and more Operability and
interoperability between firms and systems. And only Optimism and willingness to
engage into an Open Innovation journey can lead to fruitful and mutually rewarding
relationships, ensuring that innovation delivers its intrinsic mission of building a
better future while achieving societal impact.”
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Abstract. This paper describes the evolution of open innovation and the
emergence of a new paradigm Open Innovation 2.0 (OI2) which can help drive
development of shared value solutions which can drive changes far beyond the
scope of what any one organization could achieve on its own. OI2 is based on
principles of integrated collaboration, co-created shared value, cultivated
innovation ecosystems, unleashed exponential technologies, and focus on
adoption. The paper reflects on the fact that the basis of competition is moving
from competing organizations to competing ecosystems and the importance of
shared vision which allows the collective intelligence of actors across the value
chain to be leveraged. As the sharing economy emerges where information
technology allows better distribution, sharing, use and re-use of products and
services, OI2 will become more mainstream helping create better and greener
cities, safer transportation and more efficient energy systems. Patterns are
generally reusable solutions to commonly reoccurring problems and
opportunities and the paper briefly introduces twenty patterns observed in this
new non-linear paradigm, adoption of which can help with faster and better
innovation progress.

Keywords: Open Innovation 2.0, Patterns, Adoption, Shared Value, Quadruple
Helix Innovation.

1. Introduction

The discipline of Innovation is constantly evolving and we are now arguably at a
strategic inflection point where a new paradigm of innovation is emerging. In the last
century often it was a brilliant scientist at a Bell Lab or IBM lab which drove new
inventions and subsequent innovations. Then along came Open Innovation which was
neatly conceptualized by Henry Chesbrough (2003) and concerns a systematic
process where ideas can pass to and from different organizations and travel on
different exploitations vectors for value creation. Open Innovation was based on the
idea that not all of the smart people in the world can work for your company or
organization and that you also have to look outside the organization for ideas. At this
point Open Innovation was still seen a linear process which had an emphasis on
licensing of technologies. Procter and Gamble are frequently referenced as a role
model for practicing open innovation and their ‘Connect and Develop’ open
innovation strategy has resulted in almost fifty percent of their new products
emanating from ideas and innovations which started outside of the company.
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Fig. 1. The evolution of Innovation, Bror Salmelin, EU OISPG

Much of today’s progress is driven by collaborative and open innovation. As we
move forward new products and services are often new intelligent combinations of
existing and emerging technologies and companies cannot afford to do it all on their
own. Indeed the unit of competition is changing in that it is often no longer about how
good an individual company or organization is but the strength of the ecosystem in
which they participate in is often the differentiating factor for great success,
mediocrity or even failure. A seminal paper in Harvard Business Review in 2004
called “Strategy as Ecology” (lansiti and Levien, 2004) introduced the idea of the
ecosystem being central to competitive advantage. As the importance of the
ecosystem has grown, a new paradigm Open Innovation 2.0 (OI2) is emerging which
spans boundaries across organizations, disciplines and stakeholders and is often non-
linear and synergistic in nature. In parallel to the organic emergence of OI2, the
development of the new paradigm is being stewarded by the EU Open Innovation
Strategy and Policy Group (EU OISPG) a cross-functional working group which
advises on Open Innovation.

2.  Open Innovation 2.0

Open Innovation 2.0 is a new paradigm based on principles of integrated
multidisciplinary collaboration, co-created shared value, cultivated innovation
ecosystems, unleashed exponential technologies, and focus on innovation adoption. In
parallel there is increasing recognition that innovation can be a discipline practiced by
many, rather than an art mastered by few. Over the past five years at the EU Open
innovation strategy and policy group (OISPG) we have published more than ten
studies on the evolution of open innovation and we have observed twenty key patterns
of this new phenomenon (See figure 1).
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Fig. 1. Open Innovation 2.0 Key Patterns; source M. Curley and B. Salmelin, OISPG

At the core of OI2 is the idea of a compelling shared vision which different
stakeholders commit to and collaborate to create a reality and shared value. When a
quadruple helix innovation (see below) configuration is deployed the possibility exists
to drive real structural change and add value.

Another central tenet of OI2 is idea of the user and indeed citizens participating in the
Innovation process. Indeed the innovation process is being turned on its head and the
OISPG report on the socio-economic impact of open service innovation (Meijer and
Sarsygan, 2012) has conceptualized this as the reverse innovation pyramid. Rather
than innovation being something that is done for or to a user, the user co-participates
in the innovation process as well as profiting from its outcome. The Lego ideas
platform where children help create new designs for Lego products is a good example
of this. Experimentation and rapid prototyping are other key characteristics of OI2
where failing and learning fast accelerates the time to market for a new offering.

Another key pattern in OI2 is the use of an Innovation platform which forms the basis
for integrated collaboration and co-creation. The Apple App store is arguably a good
example of an innovation platform and the reverse innovation pyramid at work where
the momentum of many independent application developers helps drive Apple’s
overall business forward. A key advantage of an innovation platform is that both
experimentation and scale-out costs are often close to zero so that the return of
investment on successful innovations can be very high.

Cultivating and orchestrating innovation ecosystems are important parts of OI2. It is
increasingly clear that innovation ecosystems can be created and transformed by
creating a shared vision and reinforcing the vision with active social network
management and orchestration. Active orchestration of ecosystems result in efficient
and effective platforms for emergence and then delivery of new innovations.
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3. Shared Vision, Value and Values

OI2 is not just about the ‘how’ of Innovation but the ‘what’. Innovation capacity is
most powerful when it is mobilized in the context of a compelling shared vision. In a
successful multi-stakeholder innovation initiative a shared vision which will yield
shared value (Porter and Kramer, 2011) is crucial to success. In parallel where
participants or ecosystem players share similar values then the probability of success
is heightened further.

One candidate over-arching vision for OI2 is ‘Sustainable Intelligent Living’ (SIL)
where innovation efforts are focused on delivering intelligent innovations. Using the
ever increasing power of information technology a SIL vision results in new products
and services that are people centric and are better than previous offerings, easier to
use and very importantly are more resource efficient than previous generations of
products. Systematic development and adoption of SIL innovations in different
domains can lead to real sustainable living. We have all seen how IT has transformed
the music and book industry led by companies such as Apple and Amazon for
example. Imagine the possibilities if we could deliver similar transformations in our
cities, healthcare, transportation and energy systems. While these transformations are
much more complex the OI2 paradigm and methodology are targeted exactly at
enabling these kinds of transformations.

The invention, development and of the Universal Serial Bus (USB) technology is a
good example of the use of some of the core OI2 patterns. Prior to the creation of
USB the connection of different peripherals to computers was difficult, customized
and often created driver conflict. While the USB technology was invented by Ajay
Bhatt and others at Intel, Intel created a shared vision and initial USB ecosystem with
other companies such as Microsoft, Digital, Compaq and IBM to drive a standard way
to connect peripherals. In parallel this created a new innovation platform which
spurned multiple new products and innovations. USB enabled everything from
smartphones, scientific instruments, and webcams to connect seamlessly to computers
while also making software and hardware development easier for developers which
enabled a whole new wave of innovation. The invention and adoption of USB created
shared value and both significant economic and societal benefits with the shipment of
more than 10 billion USB equipped devices a very tangible measure of its success.

4. Quadruple Helix Innovation

A core pattern of the OI2 paradigm is the use of the quadruple helix model where
government, industry, academia and civil participants work together to co-create the
future and drive structural changes far beyond the scope of what any one organization
or person could do alone. When all participants commit to a significant change such
as transforming a city, or an energy grid, by collaborating together everyone can
move faster, share risk and pool resources.
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Fig. 2. Quadruple Helix Innovation

Together government, industry, academia and civil participants work together to co-
create the future and drive structural changes far beyond the scope of what any one
organization or person could do alone. For example in Ireland, Intel Labs Europe are
working together with a leading electrical heating company Glen Dimplex, the
National Grid, Utilities and home owners to co-innovate a new Electrical energy
operating model which will optimally take advantage of renewable energies, new
technologies and maximize efficiencies while lowering costs for all involved.

Europe’s FP7 and now Horizon 2020 are arguably the world’s largest open innovation
and research funds and Horizon 2020 is increasingly adopting an OI2 posture. In
Horizon 2020 we are increasingly seeing Quadruple Helix Innovation configurations
arising where the use of users and citizens as co-innovators and participants in Living
Labs is actively promoted and incentivized. For example Intel participates in
OrganiCity which is a new Horizon 2020 project with € 7.2m in funding that puts
people at the centre of the development of future cities with 3 leading smart cities
London, Santander, and Aarhus as living labs. The project uses a number of key OI2
patterns including co-creation and innovation platforms, with a thriving ecosystem
around it to support scalable Quadruple Helix innovation. As part of the project,
€1.8m, one quarter of the entire budget, is reserved directly for collaborative citizen-
driven city experiments.

5. Innovation Culture

Not everything in a company needs to be done in an open innovation fashion. A
company’s secret sauce may well continue to be developed internally but
development of different applications of the use of the product or service may be done
in an open innovation mode. It is important to consider the importance of culture
within a company, particularly to consider a company’s appetite for innovation.
Where the culture is supportive of innovation there is more likely to be success with
open innovation and also increased likelihood of a breakthrough innovation.

A key aspect to helping a company or indeed a society adopt open innovation 2.0 is
culture. Peter Drucker often said that ‘Culture eats strategy for breakfast every time’
so it is important to make sure the culture is open to innovation. In the adoption of
any innovation, explaining the benefit of adopting the innovation is very helpful and
this also applies to the adoption of open innovation. When people see the benefits of
co-creation they generally are stimulated to adopt it. However it would be a mistake
to see open innovation as some kind of panacea and when adopting open innovation
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one needs to carefully consider the intellectual property implications of open
innovation.

6. Intel Labs Europe as an Exemplar of OI2 in action

Intel Labs Europe (ILE) is both a practitioner of and a thought leader in Open
Innovation 2.0. Across Europe Intel has built a network of European labs and
development centres with several thousand European R&D employees. But the real
power of what we do is achieved by an ecosystem of hundreds of research and
innovation partners who are aligned with us around shared visions. By working
together we can amplify and accelerate the collected efforts of all concerned. A great
example of the fast progress is our collaboration and living labs in the cities of Dublin
and London where we partner with the cities, universities, state research
organizations, other companies and citizens to envision and quickly prototype
solutions which have the potential to transform quality of life and the environment
while helping the cities run more efficiently and effectively. An example of this is the
deployment of our air quality monitoring systems in the borough of Enfield and
linking these to traffic management systems. Or our work in Brixton, where school
children have helped design an app to encourage parents and students to walk to
school, helping children stay healthier while ameliorating air pollution.

ILE has participated strongly in the EU FP7 program and are continuing to invest and
participate in the follow on program Horizon 2020. The open labs in Ireland, Munich
and Istanbul serve as portals to the broader network of European R&D labs.
Additionally we have created co-labs with companies such as BT and SAP where
using a shared agenda we were able to move much quicker together.

Together with ILE, Dublin City itself is an active driver and user of the OI2
methodology. Recently Intel and Dublin City Council announced a collaboration to
create an infrastructure which will sense distributed city parameters such as air
quality, local weather conditions and enable new innovations from other stakeholders.
In London the task of creating a smart London vision was crowd sourced to ordinary
Londoners and dozens of suggested visions were suggested by citizens which were
synthesized to create a compelling smart vision for London. At the core of the Smart
London plan is the idea of putting people and businesses at the heart of the plan so
that Londoners can help propel the innovation that will make London an even greater
city and change people’s lives.

7. The Innovation Value Institute as an OI2 exemplar

In 2006 Intel and the National University of Ireland, Maynooth joined by Boston
Consulting Group established the Innovation Value Institute (IVI). The shared vision
of the IVI is to drive a structural change in the way organizations get value from
Information Technology Innovation. Many organizations struggle to realize the full
potential of information technology and IVI was formed to help codify and co-create
the best IT management and IT innovation practices. The IVI has created a reference
model and a body of knowledge called the IT Capability Maturity Framework (IT-
CMF) (Curley and Kenneally, 2012) which has been adopted and used by hundreds of
organizations worldwide. About one hundred organizations, big and small are
members of IVI and hundreds of their employees have contributed to the research and
co- development of the IT-CMF. Organizations use the IT-CMF to assess their overall
IT capability or a specific capability such as Innovation Management or IT
Governance and then can draw best practice recommendations to improve their
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capability and the value they create. IVI uses the OI2 approach with six different
types of organizations participating in the research ecosystem with many competitors
collaborating together such as Boston Consulting Group, EY and Bearing Point. With
over fourteen hundred research wiki contributors, over two hundred thousand man
hours contributed by members of the ecosystem, more than 500 formal assessments of
organizations completed and thousands of professional learners the OI2 approach has
proved to be a very effective one for IVI.

8. OI2 and Innovation Measurement

Andy Grove once said “if you can’t measure it, you can’t manage it’ and historically
it has been difficult to measure Innovation performance at both national and firm
levels. OI2 attempts to take a more holistic approach to innovation measurement than
relatively crude innovation input measures such as percentage of national gross
domestic product spent on research, development and innovation. A significant
innovation in Europe has been the creation of the Innovation Union Scorecard (IUS)
which evolved from the European Innovation Scorecard (EIS) and leveraged the
output of the high level panel on Innovation Measurement (Mas-Colell et al, 2010)
sponsored by Commissioner for Research Maire Geogeghan Quinn. The creation of
this instrument gives an opportunity to measure the relative strength of the different
components which make up each national research and innovation ecosystem and
then apply interventions to strengthen each ecosystem. The EIS consists of three
broad categories of indicator measurements, enablers, firm activities and most
importantly outputs. Enablers track the basic building blocks which enable innovation
to take place — finance, human resources, and support and research systems while
Firm activities track innovation efforts in European firms such as investments,
linkages, entrepreneurship level and intellectual assets. Finally outputs measure the
collective impact of the innovation efforts for example increased employment,
exports and sales.

At Intel Labs Europe we have created a research yield index (RYI) which helps
provide a holistic relative measure of innovation performance which not only values
research results such as successful proof of concepts or patent filed but also values
strategic impact, revenue enabled, improved reputation or an expanded research
ecosystem. The RYI index consists of weighted measures of the different
measurement dimensions, whose weightings can be changed based on what type of
impact is most important at a particular time in the cycle of the business.

9. Conclusion

Innovation itself is changing faster than a speeding bullet and a new Innovation
paradigm is emerging arising from the collision of three mega trends, increasing
digitization driven by the increasing power of IT, mass collaboration and
sustainability. These three mega trends create the conditions and resources which
enable a new kind of Innovation mentality and methodology where deep integrated
collaboration and exponential technologies result in co-created innovations which are
rapidly adopted and results in new products, solutions and services which deliver both
financial and societal wealth.

The emergence of OI2 does not mean that other types of innovation such as
incremental innovation, disruptive and indeed regular open innovation will cease, in
fact it will create more opportunities to accelerate these kinds of efforts. OI2 will just
create a different order of Innovation where new processes and environment can help
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better create and manage disruptions which can drive significant structural changes
across different types of integrated societal systems. If properly orchestrated these
disruptive innovations can deliver very significant outcomes for both the innovation
creators and adopters, creating both economic and societal wealth.

The kind of outcomes which are delivered can be characterized by Ramaswami’s
(2014) 3Ws, “Wealth, Welfare and Wellbeing’. Isn’t this the kind of Innovation
outcomes we should all aspire to? Ones which will deliver sustainable intelligent
living. Imagine the possibilities if governments, universities, companies, students
and citizens were to collaborate together in a quadruple helix innovation fashion
aligned around a common vision. Shared visions could include creating cities with the
best quality of life in the world, countries with the best healthcare, transportation
systems which work efficiently always and where nobody gets injured or killed on
roads. This is all possible we just need to decide to do it.
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Abstract. Lean start-up approach provides both small and larger companies a
novel, important and useful way to organize their business development, while
reducing related high risks. Traditional start-ups face a multitude of significant
challenges and risks. A study by Ghosh showed that as many as 75% of all
start-ups fail. Earlier research has preliminarily demonstrated that
crowdsourcing has the potential to reduce the risks of failure of start-ups, as
well as overcome some of the inherent challenges lean start-ups face. We argue
that crowdsourcing can significantly improve the leanness and agility of start-
ups’ business functions.

Keywords. Lean start-up, crowdsourcing, innovation, open innovation

1. Introduction

Crowdsourcing (Howe, 2006; Howe, 2008) has been one of the driving forces of
change in many fields of life, from the approaches to (self-)organise aid of volunteers
during natural catastrophes to crowdsourcing the whole software design &
development and marketing of a mobile phone. According to Howe (2008),
“crowdsourcing isn’t a single strategy. It’s an umbrella term for a highly varied group
of approaches that share one obvious attribute in common: they all depend on some
contribution from the crowd”. This contribution can consist of one or several of the
following: ideas, concepts, information, knowledge, working time, financing, or other
resources (Helander, Jussila, & Kirkkéinen, 2013).

One widely accepted useful definition that describes the concept of crowdsourcing is
by Jeff Howe (2008). This definition describes crowdsourcing as an “act of taking
a job traditionally performed by a designated agent (usually an employee) and
outsourcing it to an undefined, generally large group of people in the form of
an open call.”.

The added value that can be derived from various crowd-based activities and the
crowd contributions can be of quite various types, from cost- related issues such as
cost-and time-savings to innovation related value, such as new information and
knowledge, which the company probably would not have been able to come up with
by the use of internal workforce only.

Some studies have referred to crowdfunding as a possibility for start-ups (e.g. Blank,
2013; Cornell, 2014), but they have not studied the possibilities of crowdsourcing in
more depth.
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2.  Lean start-ups and crowdsourcing

Traditional approaches to build new enterprises bear large risks and often are a “hit-
and-miss” task: writing business plans, pitching them to investors, building teams and
expertise, developing products, and selling the products as well and as hard as the
enterprises can. Some studies claim that as many as 75% of all start-ups fail (Gage,
2012), due to involved risks.

Recently, novel approaches have risen, which employ a very different approach
which could be called as “lean start-up” approach. Some key features of lean start-ups
include quick experiments over elaborate (and time-consuming) planning, fast and in-
depth customer feedback over intuition, and iterative design over traditional extensive
up-front development (Blank, 2013) Some of their major objectives include fast
learning, elimination of waste, minimizing risks by taking no unnecessary leaps of
faith, as well as efficiency and agility (e.g. Ries, 2011; Blank, 2013). This
methodology and its major concepts have changed and even revolutionized the way
many successful start-ups operate.

On the one hand, start-up companies which are normally relatively small in size, are
in a position that they are able to extensively and flexibly make use of crowds and
crowdsourcing. Start-ups are often flexible and eager in adopting new ways of
working and new knowledge for instance due to the leanness of their organization
structure, as well as the yet non-standardised processes and ways of working. On the
other hand, they face a multitude of challenges which can be solved efficiently by
crowdsourcing. For instance the small size of start-ups, as well as their position as a
novel company with commonly limited networks, markets and funding, lead to
serious limitations in available resources to carry out the various tasks related to their
business. Due to their limited resources, they may also be able to react fast to new
outside stimuli that may enable them to focus better on the activities they centrally
should carry out to facilitate their business, and may benefit significantly from such
lean and agile approaches (see e.g. Blank, 2013). Start-ups may benefit significantly
from novel approaches such as crowdsourcing that help them strategically to
concentrate on the development of their own core competences while outsourcing
even almost everything else.

There are various ways the leanness in start-ups can be achieved, and how the risks
involved in start-ups can be even significantly reduced. A relatively recently
popularized approach which has a large potential for leaning up start-up companies’
processes and minimizing their risks is crowdsourcing. To our knowledge, no earlier
studies have explored in more depth the possibilities of crowdsourcing, as a whole, to
lean start-ups. Some studies have referred to crowdfunding as a possibility for start-
ups (e.g. Blank, 2013; Cornell, 2014), but they have not studied the possibilities of
crowdsourcing in more depth.

3.  Mechanisms behind crowdsourcing added value

It has been found that in many cases, non-expert crowds and crowdsourcing can
provide solutions that are as good as the solutions of internal company experts, or in
some cases, even better than what would be achieved by company internal personnel
and experts (e.g. Brabham, 2008). Here, we try to briefly explain why and in which
situations the results of crowdsourcing can be this good, and why start-ups might
thus significantly benefit from crowdsourcing efforts.

There are different ways of approaching why and how crowdsourcing can bring added
value to companies and their basic processes. First of all, crowds can provide various
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types of resources (e.g. information, work, funding) for carrying out a tasks that
replace or add to the internal resources normally used to carry out a task. Second, the
resources can complement the internal resources by for instance providing
information or knowledge (e.g. about customer needs) that would be difficult or even
impossible to access or obtain without crowds. Third, crowds can be a source for
serendipity, i.e. they can increase the possibility of unplanned or accidental solutions
and discoveries (such as penicillin or Viagra). Serendipity has been considered in the
literature to form an integral part of the creative process in the arts and humanities,
social sciences and the sciences (Foster & Ford, 2003).

In addition to merely providing resources that are similar to the ones that would be
used in carrying out the tasks internally, crowdsourcing utilizes significantly the
concepts of Wisdom of Crowds (Surowiecki, 2004) and Collective Intelligence
(Malone, 2008; Bonabeau, 2009). These can be understood as approaches making use
of crowds in such a way that a crowd of ordinary people can in certain conditions
make better judgments and decisions than best expert can do (concept of Wisdom of
Crowds by Surowiecki 2004), or approaches that people and computers jointly can
make better decisions than people, groups or computers have individually been able
to make (concept of Collective Intelligence by Malone 2008). Both rely on the
concept of diversity (meaning diversity of information, knowledge, cognitive skills,
cultural background etc.). Crowdsourcing can also diminish the negative impacts of
groupthink (Esser, 1998).

4. Conclusions

Crowdsourcing can help to outsource even a major part of start-ups’ business
functions that a start-up normally performs internally, at the same time helping to
create e.g. market experiments in the manner belonging to lean start-up methodology,
and simultaneously, help to significantly reduce several business risks, which
traditional types of outsourcing cannot similarly enable. This new mode of lean start-
ups enabled by crowdsourcing requires, essentially, actually only an initial business
idea from the entrepreneur(s), while nearly all the other traditional business functions,
including funding and product development, can be outsourced by means of
crowdsourcing.

This means a radically new way to reduce the extensive risks of start-ups, and make
their operations as agile and lean as possible. Crowdsourcing can radically facilitate
the way for start-ups to make use of the lean start-up methodology, and to become
more lean. For instance, crowdfunding can enable start-up to make the decision to
start developing a new product or a service not before a viable amount of customers
have already pre-purchased the product. The start-up, however, does not even have to
develop the product in-house, but by means of crowdsourcing platforms, it can make
use of the best experts around the world to develop the product. Furthermore,
crowdsourcing makes it possible to execute the experiments and hypotheses testing
related to lean start-up methodology with greater speed and agility that would be
possible using only internal resources or traditional outsourcing.
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Abstract. Pharmaceutical drug development costs have risen rapidly over the
past twenty years. However, the number of new molecular entities being
approved has not increased. As pharmaceutical companies scale back their
R&D in light of this deteriorating productivity, significant unmet medical needs
remain unaddressed. Much of these rising costs can be traced to work on
compounds that are abandoned before getting to market. There is a growing
need to recover these abandoned compounds. The inside-out branch of open
innovation provides a way to increase the performance of pharmaceutical firms,
both in addressing unmet societal needs, and potentially in identifying new
revenue sources and business models for a more distributed model of
commercializing new drugs. This aspect of open innovation is not much
discussed in the literature to date. The medical research community, in
conjunction with a number of industry and nonprofit organizations, has started
several projects to recover more abandoned compounds. These new initiatives
are still at an early stage, and have not received much critical evaluation to date.
Examining four of these initiatives, we find that they do extend the cognitive
frames in the research phase, while doing less to extend those frames in the
commercialization phase.

Keywords. R&D, Project Evaluation, False Negatives, Open Innovation,
Pharmaceuticals.

1. Introduction

Pharmaceutical industry observers and participants have long noted the incredible
challenges of drug development. The development costs per approved drug, including
the cost of failures, have increased from approximately $140M in the 1970s to $320M
in the 1980s, $800M in the 1990s, and $1.2B in the 2000s (PhRMA, 2012). The latest
analysis from the Tufts Center for the Study of Drug Development pegs the figure at
$1.3B (Tufts CSDD, 2011). Meanwhile, average drug development timelines of new
compounds have remained steady at around 14 years from initial screening to
approval (Abrantes-Metz et al., 2006; Bogdan & Villiger, 2010; Tufts CSDD, 2011).
Despite the great promises of biotechnology, the industry as a whole has failed to
create significant value in excess of its costs over its lifetime (Pisano, 2006).

Existing analyses of the crisis in pharmaceutical drug development readily note the
skyrocketing costs, the declining productivity of R&D, and the cliff of drugs coming
off patent (Pammolli et al., 2011). Less often noted, however, is the unstated
assumption of the prevalent business model for pharmaceutical drug development -
that of the blockbuster drug. The blockbuster model discards innovations that have
expected revenues below large thresholds, typically $1 billion annually. A more
distributed business model that divides the innovation work among multiple parties
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might enable more compounds with smaller market sizes to reach the market.

The emerging shift from a blockbuster to a distributed business model is being driven
by two key factors. First, scientific and technological advances have enabled a deeper
understanding of the biological underpinnings of disease. Genetic sequencing
technologies are becoming ever cheaper, rapidly approaching a cost point that would
make sequencing available for mainstream use. At the same time, drug targeting
approaches are becoming ever more sophisticated. Technologies such as antibody
drug conjugates and nanospheres allow scientists to address specific disease targets in
a manner that was not previously possible.

The second key factor has been the rise of value-based reimbursement practices
around the world. The combination of increasing healthcare costs and weakened state
economies has forced governments and insurance companies to re-evaluate their
approaches to paying for drugs. We’ve seen a shift from volume-based to value-based
reimbursement. For example, the UK government struck a deal with Johnson &
Johnson (J&J) to cover its drug Velcade, but only for those patients in which clinical
benefit is seen. For the patients who do not respond to therapy, J&J will pay for the
cost of their product. (Europharma Today, 2009). A similar risk-sharing
reimbursement contract was established in Germany for the reimbursement of
Roche’s cancer drug Avastin.

Combined, these scientific and economic factors along with the research productivity
challenges are fundamentally transforming the pharmaceutical industry. As the nature
of their products moves away from one-size-fits-all towards personalized medicine,
pharmaceutical companies will also be forced to change their business model. This
will require more use of open innovation.

Open innovation is defined as the "use of purposive inflows and outflows of
knowledge to accelerate internal innovation, and expand the markets for external use
of innovation, respectively” (Chesbrough et al., 2006). The former part of the open
innovation model, "to accelerate internal innovation," is referred to as the "outside-in"
approach. The latter part of the open innovation model, to "expand the markets for
external use of innovation," is referred to as the "inside-out" approach.

Most academic discussion of open innovation has focused on the outside-in half of
the model, and indeed, many papers treat that half as the totality of the model (e.g.,
Boudreau & Lakhani, 2009). Overlooking the inside-out half of the open innovation
model is more than an important oversight. It inhibits creative approaches to
addressing business model restrictions that hold back innovation. We focus in this
paper on the cognitive barriers to increasing inside-out innovation in drug
development. We then consider how “inside-out” open innovation approaches can be
overcome these improve the societal and financial performance of pharmaceutical
firms.

2.  The case for redeveloping abandoned compounds

It is well known that it takes $1 billion or more in investment to get an approved
compound into the market (DiMasi et al., 2010). Much less well known, however, is
that the actual cost of development per approved product, without adding in the cost
of failures, is closer to $100 million (Abrantes-Metz et al., 2006; DiMasi et al., 2010).
In other words, roughly $900 million of the investment companies make per
successful drug development program has gone to failed compounds. Yet this waste
in the system is generally accepted as a cost of doing business in the pharmaceutical
industry.

Declining clinical approval success rates means that more and more compounds are
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being abandoned in intermediate stages of development. Such compounds have
taken years of research and investment to reach the clinic. In many cases, they have
also already been proven to be safe in humans. One review of the reasons for
abandonment of compounds after this clinical stage found that only 20% were due to
safety while 34% were due to economics, and another 38% were due to weak efficacy
for the intended disease (Bogdan et al., 2010). While safety issues may rightly
foreclose further exploration, the other 80% of abandonments have as much or more
to do with the lack of an identified market or an attractive business model.

This large percentage of non-safety related abandonments creates opportunities for
recovery of some of these compounds for alternative uses and/or smaller markets. If
more people had access to the relevant pre-clinical and clinical data, more thorough
consideration of alternative diseases, markets or business models could ensue. For
example, a small patient population for a particular drug may not deter patient groups
from advancing a compound in concert with a foundation’s funding support. Weak
efficacy signals, in turn, might be greatly enhanced with more advanced diagnostics,
which could sort potential patients via one or more markers, such that a subset of
patients might receive significant therapeutic benefit. Unmet medical needs thus
could be addressed in more economical ways, by utilizing extant knowledge more
thoroughly.

False Negative Evaluation Errors in Drug Development

Drug development is highly complex, and organizational decisions about whether to
continue or abandon a particular program are subject to evaluation errors of the Type
1 (false positive) or Type 2 (false negative) variety. On the one hand, false positive
(Type 1) evaluation errors are largely eliminated due to rigorous review by regulatory
bodies such as the FDA. Drug candidates that companies think will succeed based on
early animal or human studies may only yield insignificant or negative clinical trial
results in larger studies, and then be abandoned.

On the other hand, false negative (Type 2) errors often are not mitigated through any
formal regulatory or internal R&D process (Chesbrough, 2003, chapter 4;
Chesbrough et al, 2006, chapter 1). These are compounds that could have been
valuable, had the organization found an appropriate market and business model to
commercialize them. GlaxoSmithKline, for example, recently decided to abandon its
entire neuroscience program that had been built over decades, with hundreds of
compounds effectively cut off from any further consideration for subsequent
development (Ruddick, 2010). This may be an appropriate decision for the company,
but the abandonment of all these compounds, and the associated research data
collected on them, is a loss for society, especially for patients suffering from unmet
neurologic disorders.

This false-negative aspect of innovation is a latent source of performance
improvement for firms. Allowing unused projects to go outside the firm lets others
examine these projects from the perspective of new and different business models.
While many projects will doubtless languish outside the firm, a few may reveal
unforeseen social and financial benefits.

Recovering False Negative Drug Compounds

There are examples of drugs that were once abandoned, and then successfully
recovered. These examples provide evidence that Type II errors in drug development
can and do occur. The prototypical example is thalidomide, which was originally
developed to treat morning sickness during pregnancy. After being linked to tragic
birth defects, the drug was pulled from markets around the world in the 1970s. It was
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precisely this calamity that led to substantially enhanced FDA oversight of drug
development. After being reclaimed by a small biotech firm, Celgene, it was
eventually approved for use under proper guidelines in cancer patients suffering from
myeloma, a form of bone cancer (Bartlett, et al, 2004). So this once discredited drug
is now a common therapy, albeit in a very different use. Another well-known example
of repurposing is, of course, Viagra. In human trials to reduce hypertension, the drug
was failing in clinical trials for efficacy, relative to the placebo. However, the drug
evoked unusual side effects, and the drug’s eventual use for erectile dysfunction was
thus initially discovered.

Other, more general evidence for the presence of false negative evaluation errors
comes from the very large number of drugs prescribed by clinicians to their patients
for off-label use. This means that the drug was not approved by regulators for the
treatment prescribed, but the physician nonetheless believes that the drug may provide
therapeutic benefit to the patient (often based on limited clinical data and the
physician’s personal experience, without the benefit of a double-blind, controlled
study). These off label uses can be quite beneficial to patients who are nonresponsive
to approved medicines. Off-label prescriptions of drugs are quite common, and in
some disease categories like central nervous system (CNS) disorders, the bulk of sales
of certain drugs come from off-label usage. Off-label usage of a drug effectively is a
repurposing of that compound, albeit in a limited and informal way for a small
number of physicians and their patients.

The Improved Economics of Recovering Abandoned Compounds

None of the foregoing analysis is meant to imply that all abandoned drugs should be
redeveloped; some may not be of sufficient medical or economic value to warrant
continuation under any business model. Rather, our hypothesis is that at least some
compounds that do not make economic sense under a blockbuster model may become
medically useful and economically viable if pursued under a more distributed
business model. Enabling this shift will require new, more inside-out open innovation
practices with regard to unutilized compounds in R&D.

One of the strongest arguments in favor of redeveloping abandoned compounds is not
just that untapped potential opportunities exist but that there is potentially an
abbreviated development path to capturing those opportunities. Compounds that were
abandoned after positive clinical trial results were achieved in Phase I have proven
drug formulations and have been shown to be safe for human use within a certain
dosage range. Past this stage, research can focus entirely on finding unmet medical
needs that the compound could address. Building on the years of prior research
experience with the compounds, further development could start at a much later point
than for a new compound, with a potentially shorter path to market.

The other very strong argument for redeveloping abandoned compounds is their
potential ability to address otherwise unmet patient needs. For example, there has
been an alarming exodus of pharmaceutical companies from studying neurologic
diseases in recent years due to poor return on investment in the therapeutic area (e.g.,
GlaxoSmithKline discussed above). Yet patients suffering from central nervous
system disorders, such as epilepsy, suffer from a significant amount of unmet medical
need. It is estimated that fully one-third of the epilepsy patient population is
refractory (meaning that these patients do not obtain any meaningful therapeutic
benefit) to all existing therapies on the market. Another one-third of the population
obtains therapeutic benefit at the expense of incurring moderate to severe side-effects
(including cognitive impairment) from the medicines taken (Devinsky, 2007). While
there may not be another blockbuster drug available in the pipeline for treating
epilepsy, there may be a range of drugs that provide significant benefit to different
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sub-sets of these patients. If the development costs decline sufficiently and if the
probability of success increases as well, some of these new drugs may well come
from the pool of previously abandoned compounds.

However, if this is really the case, then why hasn’t a market mechanism developed to
take advantage of this scenario? Why are the recoveries of compounds like Viagra
and Thalidomide the exception, and not the rule? We explore these questions in the
next section.

3. Cognitive barriers to inside-out open innovation in drug
development

To better understand the barriers to greater inside-out open innovation, we conducted
interviews with pharmaceutical executives and managers. Our interview respondents
were primarily in the R&D or business development organization in the company
(different companies organized the management of unused compounds differently).
Table 1 lists the titles, headquarters location and type of company we interviewed.
Each respondent was promised anonymity, along with a copy of the paper upon its
completion. We deliberately sampled companies of different sizes and locations, to
get a range of industry perspectives.

Table 1. List of pharmaceutical industry interviews conducted.

. Company HQ Interview
Title Company type location date
Sr Vice President, R&D Pharma Europe 04/28/2011
Sr Director, Business Biotech US West Coast 05/06/2011
Development
Sr Manager, Business Biotech US West Coast 06/22/2011
Development
Director, Business Pharma US Midwest 08/25/2011
Development
Associate Director, Alliance Biotech US West Coast 09/02/2011
Management
Associate Director, Strategy Pharma Europe 09/30/2011
Director, Business Biotech US West Coast 10/7/2011
Development
Vice President, Medical Pharma US East Coast 10/19/2011
Head of Intellectual Property Biotech US West Coast 01/23/2012
Senior Director, Corporate Biotech US West Coast 01/18/2012
Development
CEO Biotech US West Coast 01/26/2012
Director, Marketing Pharma US East Coast 03/07/2012
Vice President, Corporate Biotech US West Coast 04/17/2012
Development
Corporate IP Counsel Biotech US West Coast 12/18/2012
Partner, Technology & IP Law Firm US West Coast 01/02/2013
Litigation
Vice President, Business Pharma US East Coast 7/22/2013
Development
Attorney Academic Research US East Coast 7/26/2013
Institute
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Each interview was conducted with a semi-structured instrument of questions
regarding the respondent’s experience with the management of unused compounds.
Where geographically possible, these interviews were conducted in face-to-face
discussions. Where geographic distance was large, we relied on phone interviews.
Each interview ranged from 30 minutes to over an hour in length.

In multiple interviews, we heard about compounds abandoned due to insufficient
market size or lack of definitive clinical signals. Both reasons explain why a firm
would not pursue a compound internally, but do not explain why other parties would
not be given the chance to consider licensing that compound for their own pursuit.

We also heard about lack of organizational resources severely limiting any potential
outlicensing activity. For example, one leading pharmaceutical manufacturer in
Europe has just two executives tasked with licensing out the company’s compounds.
This same company has 7,700 people in R&D positions. One of the two outlicensing
executives reported that one outlicensing transaction had been completed in the past
year, while the company was working on thousands of internal R&D compounds. We
also heard from both R&D and business development executives that while they don’t
like to admit it, they were sometimes happy when a program would fail because they
already had more work than they could handle.

But these are merely symptoms that beg a deeper analysis. Why do companies lack
the motivation or resources to pursue recovery of abandoned compounds? We posit
that the underlying reason is that the cognitive frames of pharmaceutical executives
reflect interpretations arising from previously successful responses to the environment
(Weick, 1995; Prahalad and Bettis, 1986) — in other words, they are dominated by the
blockbuster business model. As a result, the organizational structures and managerial
incentives of today’s pharmaceutical companies have been developed to optimize that
blockbuster model, which does not attribute significant value to recovery of
abandoned compounds. .

Cognitive limits can be particularly relevant when the underlying business model that
commercializes technological developments is itself in transition. Tripsas and Gavetti
(2000) document the challenges that Polaroid faced in trying to adapt its “razor and
razor blade” business model of instant photography to the challenges posed to that
business model by digital technologies. Chesbrough and Rosenbloom (2002) detail
the difficulties Xerox had in utilizing the technologies developed at its PARC
laboratory in the nascent computer industry, given its copier and printer business
model. Furr, Cavarretta and Garg (2012) report similar challenges for various firms
in photovoltaic manufacturing.

We argue that a similar fundamental challenge faces the pharmaceutical industry as
both scientific and economic pressures are forcing a change in its business model. In
order to make a successful transition, managers will need to move beyond their
existing cognitive frames. Here is precisely where inside-out open innovation can
play a role. Open innovation can engage new and different actors in the innovation
process, and explore alternative commercialization approaches beyond the
blockbuster business model.

Based on these issues, we now turn to four different initiatives focused on recovery of
abandoned compounds in public-private partnerships. We highlight the differences in
each approach. None of the initiatives are designed to fully redevelop and
commercialize abandoned compounds on their own. Rather, the goal of these
initiatives appears to be an effort to enable a compound to advance one step further in
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its clinical development. The greater impact, we would argue, is the potential for
these initiatives to collectively show the value of unlocking abandoned compounds in
a more distributed business model. Therefore, we try to understand how well each
initiative might fare in successfully shifting cognitive biases and eventually drive
organizational adaptation to a more open, distributed business model in
pharmaceutical companies.

4. Evaluation of initiatives to recover abandoned compounds

A number of initiatives have recently emerged with the intention of addressing the
problem of recovering abandoned compounds. We chose four initiatives to focus on
based on their salience, as well as variation in the types of participants and the models
used in recovering abandoned compounds. Specifically, the initiatives vary in the
number of companies contributing their abandoned compounds and the number of
potential research partner organizations (see Figure 1). Each of the initiatives is
detailed in Table 2 and described briefly below.

One-to-one One-to-many Many-to-many
- — 8 phammacautical
che traZenac:
RO AstraZeneca comoanies
Source of
avandonad
COMPoUNGs

elelelele

e 30000 34000

The Broad MRC NCATS
nsthue UK researchers US researchers
ARCH2POCM (proposed)

Fig. 1. Alternate structures of initiatives to recover abandoned compounds

Table 2. Description of recent initiatives to recover abandoned compounds.

AZ-MRC NIH NCATS g;’s;‘g' ARCHZPOCM

Model One-to-many Many-to-many f));:-to_ Open science
Public-private Public-private Private

Governance partnership with partnership with artnershi Not-for-profit
MRC as NCATS as P consortium
administrator administrator p

Countryof g Us Us Us
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The first initiative is a government supported public-private partnership between the
UK’s Medical Research Council (MRC) and AstraZeneca. Launched in December
2011, the “Mechanisms of Disease” program will provide up to $15 million of
funding to UK academic researchers to study 22 of AstraZeneca’s abandoned
compounds. Both government and industry participants are hoping that
crowdsourcing new ideas from a broad range of academics will lead to recovery of
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the abandoned compounds (Mullard, 2012).

The second recently initiated pilot, led by the National Institutes of Health (NIH), has
perhaps received the most attention. The “Discovering New Therapeutics for Existing
Molecules” program, administered by the National Center for Advancing
Translational Sciences (NCATS), was launched in May 2012 (Mullard, 2011). Eight
large pharmaceutical companies have combined to make 58 abandoned compounds,
which have already undergone safety testing in humans, available to the program.
NCATS will then match novel scientific ideas proposed by academic researchers with
the existing compounds, providing up to $20 million in funding for approximately
nine research grants aiming to show new proof-of-concept data (Mullard, 2012).
These academic researchers, in turn, will own the IP to whatever subsequent
discoveries they make, while the contributors continue to hold their original IP on the
compounds.

A third initiative, announced in late 2012, pairs the Broad Institute and over 300
compounds from the Roche Repurposing Compound Collection (RRCC) in search of
new applications. Under this collaboration, the Broad Institute will screen all of the
compounds in Roche’s collection, leveraging its advanced biological assays and
disease expertise. The RRCC includes drug candidates from the past 20 years that did
not make it to market, which have been compiled into an annotated set (Roche press
release November 28, 2012). The IP arrangements under this agreement have not
been made public, but we assume Roche retains all IP rights needed to commercialize
any hits.

The Archipelago to Proof of Concept in Medicine (ARCH2POCM), organized by the
Structural Genetics Consortium and Sage Bionetworks, is the fourth initiative
included in our analysis. Another public-private partnership, ARCH2POCM
embraces an open source approach to early-stage R&D. The goal is to create a
globally distributed pre-competitive collaboration to share data, reduce duplication of
effort, and ultimately find more clinically validated targets (through Phase Ila). While
the initiative hopes to advance many novel compounds to proof-of-concept, it will
also include existing compounds not currently under active development.

Cognitive Implications of Each Initiative

One of the first observations to make regarding the four different initiatives is that
each involves a private company collaborating with a nonprofit or public entity. This
immediately broadens the cognitive frame at the research phase. The expectation is
that academic medical researchers may have unique insights into possible ways to
advance these compounds beyond those available within the large pharmaceutical
firms. These researchers are not constrained by the managerial or psychological
frames of the pharmaceutical firms. As NCATS director Christopher Austin recently
stated, while the compounds being explored may not have made “the best business
case...these [new] indications may be fantastic for patients and public health.”
(Nature News Blog, 18 June 2013)

This diversity of approaches is appropriate at such an early stage of exploration to
increase variance in search (March, 1991) for recovering abandoned compounds.
They invite more people from outside the originating organization to scrutinize the
therapeutic potential of compounds. In addition, they employ different tools and
processes beyond those used in the originating company. As one respondent told us,
“...lots of companies are going after the [recovery] space, it only takes 2 or 3
successful compounds to make it worthwhile. Right now, I would posit that they
probably don’t have the right tools yet though, such as novel, high throughput
screening profiling technologies.”

The question then becomes, who will actually bring those products to market? The
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Roche-Broad and MRC collaborations appear to keep all product commercialization
rights with the participating pharmaceutical company. So any exploitation of new
knowledge resulting from these initiatives will still encounter the extant managerial
frame of that pharmaceutical company. The potential pitfall in this scenario is that
even if some compounds are shown to be effective in new indications, the
pharmaceutical company may still decide that the business case does not warrant
additional investment, due to the cognitive limits imposed by its business model. The
NIH/NCATS and ARCH2POCM initiatives, by contrast, offer the potential for
another organization to exploit new knowledge gained from this research.

This new entrant, perhaps a start-up company or a patient advocacy group, may not be
cognitively constrained by the blockbuster business model. That could lead to more
novel targeted medicines reaching the market and encourage others, including large
pharmaceutical companies, to reconsider the benefits of employing a more distributed
business model.

5. Conclusions

In the past twenty years, pharmaceutical drug development has moved from a largely
closed model of innovation to a far more open model. However, the implementation
of a more open model of drug development within the pharmaceutical business model
has been partial, and largely focused upon “outside in” innovation sources. At the
same time, the vast majority of potential drug candidates fail during the development
process. “Inside out” open innovation mechanisms could spur the recovery, and/or
redeployment of these abandoned compounds to address unmet medical needs.

Rather than stockpiling potential products that are no longer being pursued,
pharmaceutical companies and society as a whole would benefit from expanding their
cognitive frames. The concept of false negative evaluation errors in drug
development, the example of recovered compounds such as Thalidomide and Viagra,
and the extensive use of off-label drugs to treat patients, all demonstrate the potential
of these more creative approaches.

A number of early initiatives have recently emerged to address these issues. Though
none in our judgment has fully resolved the cognitive issues we discuss, collectively
we hope they will have a positive impact. Company collaborations with public and
nonprofit entities to find new uses for their existing IP extend the efforts by
pharmaceutical companies to pursue inside-out open innovation. The academic
freedom of these research partners can help companies explore beyond not only their
current scientific knowledge, but also beyond their extant cognitive biases and
dominant business model.
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Abstract. This paper attempts to deepen understanding of the relationship
between open innovation (OI) and firm performance in small and medium-sized
enterprises (SMEs). Based on survey data from 306 Korean innovative SMEs,
the results of this study show that: (1) broad and intensive engagement in OI
and cooperation with external partners are positively associated with firm
performance; (2) technology and market-oriented OI modes (Joint R&D, user
involvement and open sourcing), involving relatively low level of changes, can
positively contribute to performance enhancement; and (3) innovative SMEs
benefit from working with non-competing partners, such as customers,
consultancy/intermediaries and public research institutes. This work has
broadened the evidence available on SMEs’ OI adoption and has proposed a
new way to study OI adoption and implementation.

Keywords. Open innovation, Innovation collaboration, Small and
medium-sized enterprises, and Performance

1. Introduction

Open innovation (OI) is a distributed innovation process based on purposively
managed knowledge flows across organisational boundaries (Chesbrough and Bogers,
2014), and it has become a widely known business strategy in many industries
(Dahlander and Gann, 2010; Gassmann et al., 2010; Huizingh, 2011; Mortara and
Minshall, 2011). The majority of studies have focused on studying OI in
multinational corporations (MNCs), but our knowledge of OI in small and
medium-sized enterprises (SMEs) is still fragmented (Lee et al., 2010; Schroll and
Mild, 2012; Van de Vrande et al., 2009). Although recent studies have investigated
SMEs in many contexts, due to the complexity and breadth of the concept of OI,
encompassing various innovation activities, there have been substantial challenges in
the measurement of OI (Podmetina et al., 2014; Schroll and Mild, 2012). This made it
difficult for researchers to cover the full OI spectrum. Until now, research focus has
been on OI proxies (rather than OI itself), such as information search breadth and
depth (e.g., Laursen and Salter, 2006), technology sourcing and scouting (e.g., Parida
et al., 2012) or inter-organisational networks (e.g., Lasagni, 2012; Zeng et al., 2010).
These proxies are certainly important indicators of OI activities, but they represent a
rather focused (and potentially limited) interpretation of OI adoption, hindering a
complete understanding of OI approaches. In this regard, this paper attempted to
investigate various Ol modes in a single study, which is novel in the context of OI
adoption in SMEs.

Theoretically, OI can be a good approach enhancing SMEs’ performance. SMEs’
organisational characteristics, such as flexibility (Rothwell and Dodgson, 1994) or a
simple hierarchy (Teece, 1996), may represent their advantages in the implementation
of OI. By opening their boundaries, SMEs can access the necessary complementary
assets to deal with their inadequate research and development (R&D) capacity or
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involve end-users in their innovation process to develop marketing related capability
(Lee et al., 2010; Teece et al., 1997). However, given their resource constraints, it
might not be easy for SMEs to employ many OI modes at the same time. Further,
owing to the heterogeneity of OI, decisions relating to its adoption might be difficult
for SMEs. As each OI mode differs from others in terms of knowledge flow direction
and types of change being brought in, this diverse nature of OI will raise issues of
choice for SMEs who might end up with an incomplete OI approach. Yet, the
literature has not fully shed light on how OI affects SMEs’ performance. Along with
other researchers in the OI domain, we would like to understand whether a broad or
deep (intensive) OI adoption may enhance firm performance, but unsatisfied with the
approaches taken to date relying on a limited number of proxies, we propose a
concurrent method by interpreting OI adoption as a process involving changes and by
expanding Laursen and Salter’s (2006) breadth and depth concept to OI modes.

To address the research gap, survey data from 306 innovation-oriented Korean
manufacturing SMEs were collected and analysed using an ordered-Probit model.
Recognising the heterogeneity of SMEs, emphasis has been placed on
innovation-oriented firms due to their strong internal R&D and clear focus on
innovation. As, in general, SMEs are not formally engaged in R&D (Brunswicker and
Vanhaverbeke, 2014), this focus on innovative SME may lead to a clear linkage
between OI and firm performance.

The remainder of this paper comprises four sections. We first introduce the theoretical
background and develop hypotheses about the relationship between OI and firm
performance. Then, in section 3, we describe the data and method, and present the
results in section 4. Section 5 covers discussion and the paper concludes with
implications and possible research limitations.

2.  Theoretical background and hypotheses

2.1. Open innovation
Figure 1 shows the traditional “closed” approach to innovation in firms focusing on
core markets which use primarily internal resources to develop products (Mortara et

al., 2011). Simplistically, a focal company has internal R&D units, each of which is
pursuing innovation targeting an “existing” or “identified” key market area.

Resources Market

R&D unit1 EEEEE SN NN NN NN NN EEEEEEEEE N Existing
market 1
R&D unit 2 EEEEEEEEESEEEEEEENEEEEEEEEE :;Irskt:t‘g
R&D unit X EEEEEEEEEEEEEEEEEEEEEEEEEEEE EXiSting
market X

= = n P Traditional innovation route (Closed innovation)

Fig. 1. Closed innovation (Mortara et al., 2011, p 294)

The Company

In contrast, OI is "the purposive inflows and outflows of knowledge to accelerate
internal innovation, and expand the markets for external use of innovation,
respectively" (Chesbrough et al., 2006, p.1). This means that with OI, all knowledge

http://www.open-jim.org 34



Journal of Innovation Management Ahn, Minshall, Mortara
JIM 3,2 (2015) 33-54

(internal knowledge as well as external knowledge) can find its way to
commercialisation for existing or new markets by crossing a firm’s boundary.

In-bound OI refers to innovation activities focusing on acquiring external knowledge
(Spithoven et al., 2011); 'in-sourcing’ (or ‘licensing-in’), 'joint R&D', 'Merger and
Acquisition (M&A)/strategic alliance' and 'user involvement' fall into this category.
As illustrated in Figure 2, the firm can achieve new resource combinations by using
competences and resources of external partners, which will focus on existing or new
markets (Mortara et al., 2011). For example, firms which face the challenge of
maintaining a high pace of innovation can use external resources to fuel existing
pipelines with innovative products (curved line A in Figure 2), or two organisations
can contribute to the formation of a new market (curved line B in Figure 2) (Mortara
etal., 2011)

Resources Markets
External
market B

Existing
market 1
Existing
market 2

Existing
market X

R&D unit 1
R&D unit 2
R&D unit X

The Firm

External
market X

Traditional innovation route sl in-bound open innovation route
Arrows highlight the direction of technology transfer

Fig. 2. In-bound open innovation (Mortara et al., 2011, p. 296)

Out-bound OI relates to the exploitation of knowledge in a variety of ways. By
revealing internal knowledge via out-bound OI, innovation finds its way towards
commercialisation. 'Licensing-out', 'spin-off' and 'open-sourcing' are examples. As
illustrated in Figure 3, internal resources can lead to the targeting of a new market.
For example, licensing-out (curved line D in Figure 3) enables an external partner to
use the firm's internal knowledge and create a new market (Mortara et al., 2011).
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Resources Markets

—— External
market A

The Firm
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Traditional innovation route msssssl>  out-bound open innovation route

Fig. 3. Out-bound open innovation (Mortara et al., 2011, p. 295)

Although Enkel et al. (2009) suggested a ‘coupled process’ combining both in- and
out-bound knowledge flows and Dahlander and Gann (2010) and Chesbrough and
Bogers (2014) extended the coupled model definition, for the purpose of this analysis
we concentrate on the main in- and out-bound knowledge flows (e.g., Chesbrough
and Brunswicker, 2013), according to the flow dominance. In fact, from the viewpoint
of a single partner (e.g. the focal firm), when knowledge is exchanged simultaneously
in two directions (e.g., when a firm is doing a strategic alliance with another firm), it
could be represented by two independent knowledge flows (i.e., two arrows) which
happen concurrently. In this situation, however, for the focal firm, even though there
is an out-bound flow of knowledge for the benefit of another firm, the main purpose
would be the acquisition of the knowledge necessary to create new value for its own
purposes. Thus, we assume that there is always a dominant direction in the knowledge
flow from the perspective of the focal firm. For instance, in Figure 2, the curved line
B can be an example of coupled OI process. From the firm's perspective it is in-bound
OI, but it is out-bound OI when viewed from Partner X's perspective.

2.2.  Open innovation in SMEs

Despite the relative scarcity of studies covering OI in SMEs (Ahn et al., 2013;
Brunswicker and van de Vrande, 2014; Lee et al., 2010; Parida et al., 2012; Spithoven
et al., 2013; Van de Vrande et al., 2009), a few notable ones have shown various
motives for and barriers to OI adoption in SMEs. Amongst the motives, an
insufficient marketing capacity has been identified as the main driver of OI adoption
in SMEs (Narula, 2004). In general, most of the SMEs’ weaknesses in innovation
arise from their size (Freel, 2000; Narula, 2004; Teece, 1986). SMEs can adopt OI in
order to react actively to market changes, to meet customer demand and/or develop
new sale channels (Lee et al., 2010; Van de Vrande et al., 2009). A weak R&D
capacity has also been found as an incentive for reliance on external knowledge (Kim
and Park, 2010). To overcome the problem of insufficient R&D expertise, SMEs can
attempt to explore a wide range of external information sources (Lee et al., 2010) or

W
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to exploit other companies’ expertise by forming alliances to access complementary
assets (Ahern, 1993; Nooteboom, 1994; Teece et al., 1997; Van Dijk et al., 1997).

In terms of barriers, as it is not easy for SMEs to achieve economies of size and scope,
they may not transfer their technologies across product lines to create new products
(Teece, 1980, 1982). In fact, internal R&D often has a dual function, in the sense that
it not only generates new technologies but also increases absorptive capacity (Cohen
and Levinthal, 1990; Rosenberg, 1994). As this capacity development mainly depends
on the level of accumulated prior knowledge (Cohen and Levinthal, 1990), SMEs
with less intensive R&D capacity may not be able to exploit external knowledge
efficiently (Rosenberg and Steinmueller, 1988). Also, difficulties in recruiting highly
skilled workers, changing organisational cultures and problems in finding and
interacting with external partners are also frequently cited as hindrances to OI (Lee et
al., 2010; Van de Vrande et al., 2009). The high cost of patent management may be
prohibitive for SMEs, resulting in infrequent adoption of out-bound OI modes, such
as IP licensing (Spithoven et al., 2013). Further, the limited ability to barter
technology assets may make it difficult for SMEs to establish symmetric relationships
with large established firms (Minshall et al., 2010; Narula, 2004).

Ol in SMEs seems to be different from that in large firms (Ahn et al., 2013; Lee et al.,
2010). While there have been a few examples of out-bound OI modes, the in-bound
mode has been actively adopted by most SMEs (Van de Vrande et al., 2009). Among
various in-bound OI modes, joint R&D and user involvement have been the most
frequently observed modes and this mode preference has also been observed in many
subsequent studies (Laursen and Salter, 2006; Lee et al., 2010; Van de Vrande et al.,
2009). Even though large firms are more widely involved in various OI activities,
SMESs seem more intensely involved in a few OI activities (Spithoven et al., 2013).
Since SMEs cannot invest large financial resources in internal R&D, they carefully
build an innovation portfolio and use it to get maximum benefits (Alstrups, 2000).
Because of this careful and intensive innovation engagement, OI can contribute more
to new product development in SMEs than in large firms (Spithoven et al., 2013).

23. Re-defining open innovation modes according to the changes involved

Owing to the complexity and heterogeneity of OI, it has not been easy to investigate
the effect of OI on firm performance. In this context, we propose to re-define the OI
modes in order to include the challenges of implementation highlighted above and
allow a more in-depth evaluation of OI, in particular in the SME context. The OI
literature has mainly dealt with knowledge flow directions, but OI modes can also be
classified according to the type of changes involved in the adoption and
implementation process. In Figure 1-3 each shift represents a ‘change’ implying a
certain level of ‘corporate entrepreneurship’ and some risks and hence some
associated resistance to its adoption (Mortara et al. 2011). Every time an innovation is
directed towards an existing market (i.e. horizontal shift), a certain degree of change
(dominantly technological) is involved. However, when an OI mode which also
involves a vertical shift is implemented, a firm has to face changes in both technology
and market. In the OI paradigm, not only do firms have to utilize external technology,
but they also have to have access to new markets to exploit their internal knowledge
in different ways (e.g., IP licensing) or to make new organisations (e.g., M&A or
spin-off) to absorb or examine a potentially innovative disruptive technology.
Additionally, as OI can be perceived as innovating innovation (Chesbrough, 2003), if
a firm is required to establish new organisational constructs to operate any of the
modes, a further degree of change becomes involved. OI adoption will reform
organisations, in the sense that it forces them to experiment and adopt new ways, such
as new knowledge (technology), new markets and even new forms of organisations
(Mortara et al. 2010).
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In this context, we propose a new OI taxonomy (see Table 1) by classifying the OI
modes according to the dominant changes involved. Accordingly,
'technology-oriented OI', such as 'in-sourcing' and 'joint R&D', refers to innovation
activities aiming at technological innovation. As the aim of this OI is to expand the
boundary of its innovation sources, the adoption of this OI brings in substantial
increase in technology stock. 'In-sourcing' is the fastest way of acquiring
technological knowledge, but it does not usually involve a great deal of market and
organisational change. 'Joint R&D ' may occasionally involve some degree of
organisational changes (e.g., Intel's Lablet, see Tennenhouse (2004)), but its focus is
still on acquiring the necessary technology. ‘Market-oriented OI', on the other hand,
attempts to identify new market needs. Examples are 'user involvement',
'open-sourcing' and 'licensing-out'. ‘User involvement’ and ‘open sourcing’ aims to
identify market needs. 'Licensing-out' may necessitate a certain level of organisational
change (e.g., the creation of a new IP division), but the focus of this OI is on
commercialising under-utilised knowledge by generating a new market for it (i.e.,
making a new commercialisation route, see a curved line D in Figure 3). Last,
'organisation-oriented OI' causes drastic changes in organisational structures and
'M&A/alliance' and 'spin-off' are examples of this Ol mode. 'M&A/alliance' may aim
to acquire external technology, but this kind of OI involves greater changes in a firm's
organisational structure. Similarly, ‘spin-off’ involves substantial changes in
organisational structure.

This classification is based on the type of dominant (i.e., the highest) core changes
(from technological to organisational change) involved. Thus, for instance, we
classified 'open-sourcing' as 'market-oriented', in the sense that it emphasizes
interactions with customers/users and 'M&A' and 'spin-off' as 'organisation-oriented'
because the adoption of these OI modes involves (mainly) new organisational forms
and practices. Our classification relies upon dominant changes, so it suggests that a
higher level of change can include a smaller one (i.e., it is an inclusive concept). For
instance, market-oriented OI can include technology changes, whilst
organisation-oriented OI can embrace both technological and market changes, in the
sense that organisational changes are the most complicated ones involving many
types of different sub-level changes.

Table 1. Open innovation classification (Note: ‘v’denotes a low and‘vv’ denotes a high level
change)

Dominant Changes involved in OI .
Dominant core
knowledge Organisational change
flow direction | Technology | Market & &
structure
In-sourcing .
124 -
(Licensing-in) Technology-oriented
: v/ -ori
JOHS }:&D In-bound Technology-oriented
. ser v 4 Market-oriented
involvement
Mé&A/alliance v 4 44 Organisation-oriented
so?lfce:irrllg 4 4 Market-oriented
Licensing-out Out-bound v v v Market-oriented
Spin-off v Vv v Organisation-oriented

24. Open innovation and firm performance
Recent studies have investigated the influence of OI on performance using large-scale

data sets (Podmetina et al., 2014), and their approaches can be grouped into the
following three: 1) the degree of openness (OI proxies), 2) individual OI mode
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influence and 3) collaboration influence.

Firstly, researchers have attempted to identify the effect of openness on firm
performance. Rather than examining individual OI modes one by one, studies in this
group have tried to discover the influence of the degree of openness in firms. Laursen
and Salter's (2006) seminal paper employed search strategy as a proxy variable for a
firm's openness by introducing the 'breadth of search' and 'depth of search' concept as
two distinctive dimensions of openness. Their study showed that external search and
linkages with external partners are positively associated with sales of new or
improved products. The approach of Laursen and Salter (2006) has been developed
further in many subsequent studies. For example, Chen et al. (2011) found that the
breadth and depth of openness can improve both science-based and experience-based
innovation, and Chiang and Hung (2010) found that breadth affects incremental
innovation, whilst depth influences radical innovation.

Studies in the second group have focused on the individual effect of each OI mode.
Brunswicker and Vanhaverbeke (2014) found that not all OI modes are always
beneficial in enhancing innovation performance, and their findings are in line with the
rest of the literature. Mazzola et al. (2012) examined the effect of twelve different OI
modes on financial and innovation performance and found that the OI effect can be
both positive and negative. In their study, acquisition, licensing-out, co-patenting and
alliance were significantly associated with both innovation and financial performance,
whilst university collaboration, public funding and R&D alliance were insignificantly
associated with them. Also, they found that supplier collaboration, government
collaboration and licensing-in were only significantly associated with innovation
performance, while external technology commercialisation was only significant for
financial performance. Hung and Chou (2013) investigated the influence of external
technology acquisition (i.e., in-bound OI) and external technology exploitation (i.e.,
out-bound OI) but found that only external technology acquisition positively affects
performance.

Lastly, some researchers have investigated the effect of collaboration. Almirall and
Casadesus-Masanell (2010) simulated the effects of OI in two different settings:
where partnerships were fixed or flexible. They showed that a high level of openness
can bring better performance, particularly in a dynamic environment where firms can
change their partners freely. Since one of the most important benefits of collaboration
is accessing a partner's complementary assets (West and Gallagher, 2006), broad and
intensive collaboration will enable firms to exploit external knowledge more
efficiently. However, as the literature has shown, different types of external partners
play crucial roles in different innovation modes. In Chen et al.'s (2011) study,
collaboration with universities and research institutes affected science-based
innovation, whilst this type of collaboration did not influence experience-based
innovation. Rather, value chain partners and competitors influenced experience-based
innovation performance

The above three strands of research show that the relationship between OI and firm
performance is not simple. These complex (and sometimes inconsistent) results have
inhibited our clear understanding of the effect of OI on performance. However, two
points arise here. First, the complexity arises from diverse nature of OI (Dahlander
and Gann, 2010), and second, this diversity brings about issues of choice. Firms have
to make the most appropriate choice(s) from among various options, and this is more
important in SMEs. Given the resource constraints it is not easy for SMEs to employ
many innovation routes at the same time (Vanhaverbeke et al., 2012). Therefore, the
relationships between OI and performance have to be further investigated and for this
our OI classification (see Table 1) can be used in order to help SMEs to make better
decisions with regard to choice of OI adoption.
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2.5. Hypotheses

The literature has shown that SMEs are actively engaged in OI (Cosh and Zhang,
2011; Spithoven et al., 2013; Van de Vrande et al., 2009) and suggested many
benefits they may obtain through OI (Brunswicker and van de Vrande, 2014; Lee et
al., 2010). As the adoption of each OI mode represents a new managerial option,
firms employing various OI modes may deal more flexibly with a fast-changing
environment. By diversifying their innovation strategies, firms’ knowledge will find
its ways to commercialisation in existing and new markets. Hence:

HI) A broad OI adoption (i.e., adopting many modes) is positively

associated with SMEs’ firm performance.
However, since SMEs might not be able to focus on various managerial options
simultaneously, adopting too many OI modes may bring in substantial risks. OI
adoption, with its challenges, such as more managerial choices (Nelson and Winter,
1982) and difficulties in finding trustworthy partners (Dyer and Singh, 1998; Narula,
2004), will increase uncertainty levels. Thus, the intensive adoption of OI (rather than
adopting too many OI approaches) may contribute to the enhancement of firm
performance. Hence:

H2) A broad OI adoption will show a curvilinear relationship with firm
performance.

H3) A deep (i.e., intensive) OI adoption is positively associated with
SME:s' performance.

Because of the different types of innovation activities involved in OI (Dahlander and
Gann, 2010; Spithoven et al., 2013), the influence of each OI mode on firm
performance will be different. According to our OI classification in Table 1, we argue
that the influence of OI on performance will vary according to the type of changes
introduced by the adopted OI mode. Since SMEs typically lack the resources and
management experience that are essential for dealing with changes and adapting
themselves to a new innovation routine, they may not equally and effectively benefit
from all kinds of OI. OI modes demanding substantial resources and involving high
risks may not affect firm performance significantly. In this regards, we assume that
Ol modes involving relatively low level changes (such as technology or
market-oriented OI) will affect firm performance more significantly than those
involving more complex and higher changes (e.g., in organisation structure). Hence:

H4) The OI modes are differently associated with SMEs' performance
according to the types of changes brought by the Ol modes.

The literature has shown that different types of external partners play crucial roles in
different innovation activities (Mention, 2011). Gronum et al. (2012) showed that
collaboration with various partners can improve innovation in SMEs. However, the
collaboration process is not simple. Absorptive capacity, which is an essential
capacity in OI (Spithoven et al., 2011), depends upon good social relationship as well
as strong internal R&D (Zahra and George, 2002). Therefore, in collaboration, not
only do firms have to resolve differences embedded in external knowledge to
integrate it with the internal (Salter et al., 2014), they also have to establish new
protocols (Kitchell, 1997; Narula, 2004). Firms have to recognise that innovation
clock speed varies in different organisations (Kitchell, 1997). Yet, this may not be
easy for SMEs. Given their resource constraints, SMEs may not adequately deal with
time consuming trust building process (Narula, 2004). Thus, even though
collaborations contribute to the enhancement of firm performance, too many
collaboration projects may not do so. Hence:

H5) A broad collaboration (many partners) is positively but
curvilinearily related to firm performance in SMEs.
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H6) An intensive collaboration is positively associated with SMEs'
performance.

Despite the potential positive effects, collaborations with different partners may not
contribute to performance improvement equally. For example, Lasagni (2012)
suggested that innovation performance in SMEs can be higher when they strongly
collaborated with users, customers and suppliers. His results also showed that SMEs
can be better successful in product development when they closely work with
research institutes. This suggests that there can be specific types of partners SMEs
may prefer. As collaboration can bring in various risks, such as information leakage
(Laursen and Salter, 2014; Oakey, 2013), SMEs may prefer to collaborate with
partners which may not threaten them. Hence:

H7) The effect of collaboration on SMEs' performance is differently
associated according to partners.

3. Data and method

3.1. Samples

Data were collected through a survey using the database of the Korean Small and
Medium Business Administration (SMBA). The SMBA is a government agency
giving a government certificate to innovation-oriented SMEs (so-called ‘inno-biz’
program which was inspired by the Small Business Innovation Research (SBIR) of
the US and aims to select and stimulate innovative SMEs) to encourage innovation
activities. These firms are assessed by the SMBA according to four major criteria
(innovation capacity, commercialisation ability, innovation management and
innovation performance (OECD, 1997)). By the second quarter of 2013, a total of
17,295 SMEs had obtained the “inno-biz” certification, indicating their high level of
innovativeness.

For the main survey, 3,000 manufacturing SMEs were randomly selected from the
inno-biz database, and a structured questionnaire was delivered to CEOs via e-mail,
using an on-line survey system in January 2013. 68 firms were not reached due to
errors in contact details, and in total 329 responses were eventually collected. This
gives an 11.3% response rate (i.e., 329/(3000-68)). However, 23 responses were
excluded from the final sample as key information was missing. So, 306 responses
were finally used for the analysis.

To examine any non-response bias, the extrapolation method was used, i.e.,
comparing early and late responding mean values of variables, whereby late
respondents are likely to have similar characteristics to non-respondents (Armstrong
and Overton, 1977). In terms of the number of employees, sales and firm age, no
significant difference between the two groups was found.

3.2.  Variables

Performance. Each firm’s performance (a latent variable) was measured by three
manifest variables. When investigating large established firms, measuring business
performance in the traditional way (e.g., total revenue or return on investment) can be
a good approach increasing the validity of the responses; so objective dependent
variables have been used in many studies. However, acknowledging the following
two aspects, the current paper attempted to use multiple subjective variables rather
than single objective one. First, it is not easy for a single objective variable to
measure a firm’s performance exactly. For example, financial performance, such as
revenue, is a good objective measurement, but it only reflects a part of firm
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performance (i.e., only financial aspect). Similarly, some studies (e.g., Community
Innovation Survey) used a binary variable to measure innovation performance by
asking whether firms were successful in product development, but this binary variable
cannot reflect the extent of firm performance improvement. Second, not only are
SMEs typically reluctant to reveal their financial status (Fiorito and LaForge, 1986),
but neither is it easy to evaluate the accuracy of reported figures (Covin and Slevin,
1989). Further, neither do low net-income or operating-losses necessarily indicate
poor management in growth-oriented SMEs (Cooper, 1979), nor can their financial
figures be free from influences of their business environment (Miller and Toulouse,
1986). As such, this study adopted subjective indicators as it happened in other SME
studies (e.g., Akgun et al., 2007; Miller and Toulouse, 1986; Rhee et al., 2010).
Questions regarding how good the firm was in terms of sales, new product
development (or related service), and market share were included in the survey.
Respondents were asked to indicate relative performance on a seven-point Likert
scale, when compared with average-level competitors in their industry. Before the
main analysis, confirmatory factor analysis (CFA) was conducted to see whether
these three manifest variables could construct one performance latent variable. As
shown in Table 2, the result shows good reliability and validity. The reliability of
measurement was assessed by Cronbach’s alpha, and the constructed latent variables
satisfied the recommended level (i.e., good if it is larger than 0.7 (Field, 2009)). All
standardized factor loadings on latent variables were over 0.5 and significant at the
0.001 level (two-tailed), thus verifying a convergent validity. In order to include this
latent variable in a regression (Hung and Chou, 2013), we averaged these three
manifest variables.

Table 2. Confirmatory factor analysis result

. Std. Critical | Cronbach's
Factor loadings . .
estimate ratio alpha
Relative sales <--- Performance 0.624 -
Relative new product development —<--- 0.642 R 542" 0.742
Performance
Relative market share <--- Performance 0.849 7.992""

Significance: - p <0.001

Open innovation. We adapted Laursen and Salter (2006)'s 'breadth' and 'depth’
concepts to quantify the degree of OI adoption breadth and depth (meaning how many
OI modes were employed and how intensely). First, we asked how many times firms
had adopted seven different OI modes in the last three years. These OI adoption
variables were transformed into binary variables (O:not used, 1:used) to indicate the
adoption of each OI mode. Then the binary variables were added up to indicate how
broadly firms use O, i.e., 'breadth of OI'. The seven OI adoption variables were also
transformed into other binary variables (0: not used or low intensity (1~2 times used),
1: high intensity (used than more than 3 times)) and added up in order to quantify the
'depth of OT'.

Collaboration partners. Laursen and Salter (2006)'s concept was applied to measure
how firms broadly and intensively collaborate with external partners. We asked the
frequency of collaboration with seven different partners in implementing OI for the
last three years as seven levels (0: not collaborated with, 1~6: six levels according to
collaboration frequency). These variables were transformed into binary variables (0:
no collaboration, 1: collaborated with) and added up to indicate how broadly firms
collaborate with external partners (i.e., breadth of collaboration). As in the case of
'depth of OI', these seven collaboration variables were also transformed into other
seven binary variables (0: not or low collaboration (1~2 times), 1: high intensity
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(collaborated more than 3 times)) and then added up to quantify how firms intensely
collaborate with OI partners.

Control variables. The following five variables were controlled due to their
significance in the literature. First, the firms’ 'R&D intensity' was included due to its
importance in generating and absorbing knowledge (Cohen and Levinthal, 1990;
Spithoven et al., 2011; West and Bogers, 2013). It was measured as the ratio of the
expenditure on internal R&D to total revenue. Second, 'firm size' was measured as a
natural logarithm of the number of employees. An abundance of resources is
recognised as a critical factor for innovation (Chaney et al., 1991; Cyert and March,
1963), and the literature has showed its significance in OI adoption and
implementation (Spithoven et al., 2013; Van de Vrande et al., 2009). As the scale of
this variable was larger than those of other variables, a natural logarithm was applied.
Third, a measure of the 'firm age' was employed. Research has shown that the age of a
firm can influence innovation both positively and negatively (Mazzola et al., 2012).
Fourth, 'government support' was introduced, as government funding encourages
SMEs’ networking and interaction with other innovation actors (Kang and Park,
2012). Also, in general, many governments provide significant funding and apply
weaker regulations to SMEs in order to encourage the increase of SME competence
(Nooteboom, 1994; Rothwell and Dodgson, 1991). Lastly, since a competitive market
environment is also a strong driver of change (Hung and Chou, 2013; Lee et al., 2010),
an exogenous factor, 'market turbulence', was examined. 'Government support' and
'market turbulence' were measured using the 7-point Likert scale, to establish how
often the firms received government support (all kinds of government support, such
as subsidies, tax deductions, loans, and research grants) and to what extent they felt
that the market environment was competitive and hostile.

4. Results

4.1. Descriptive statistics

Table 3 shows the descriptive statistics with minimum and maximum values, mean
and standard deviations of the respondents. The sample’s average number of
employees per company was 28.81, and the average firm age was 11.42 years. As
their average R&D intensity (11.60) indicates, the sample firms were highly involved
in innovation. For comparison, the average R&D intensity across all Korean firms in
2007 was just 2.43 (KOITA, 2009). Before the regression, multicollinearity was
examined. A variance inflation factor (VIF) greater than 10 can cause a serious
multicollinearity problem (Myers, 1990), but for all the tested variables, VIF values
were between 1.039 and 2.039, confirming that there was no serious collinearity issue
in the sample.

Figure 4 illustrates the distribution of the OI adoption of the respondent firms. The
results show that in-bound OI was more favoured than out-bound OI. Particularly
three OI modes, in-sourcing, joint R&D and user involvement, were actively
implemented by the sample firms. Interestingly, for M&A/alliance and spin-off, there
were very few examples of these modes, and when reported they only occurred one or
twice. For other OI modes, the frequency of adoption showed a gradual decline.
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Table 3. Descriptive statistics
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Variables Min. Max. Mean St. deviation
Performance 1.00 7.00 3.897 1.097
OI breadth 0.00 7.00 1.759 1.406
OI depth 0.00 6.00 0.452 0.779
Collaboration breadth 0.00 7.00 4.261 1.909
Collaboration depth 0.00 7.00 1.958 1.864
R&D intensity (%) 0.00 80.00 11.602 10.156
Firm age (year) 3 40 11.420 7.126
(the numlz:rnoi‘lzrenployee) 3 300 28.810 36.852
Government support 1.00 7.00 2.380 1.235
Market turbulence 1.00 7.00 5.390 1.184
70
60
§ 50
§ 40
N N 30
N R \ g
N wk L ko
NS e N L B N N e N N 0
In-sourcing Joint R&D  M&A/Strategic User Licensing-out Spin-off Open sourcing
alliance involvement
B] N2 .3 F4~5 H6-9 €10 times or more

Fig. 4. Open innovation adoption (Unit of the vertical axis: the number of firms)

Figure 4 showed that in-bound OI, especially joint R&D and user involvement, were
the most frequently adopted OI modes. This is in line with other studies that
investigated Korean SMEs (Abulrub and Lee, 2012; Kim and Park, 2010), but this OI
preference is also identified in the context of other countries. For example, Van de
Vrande et al. (2009), who investigated Dutch SMEs, found that their sample firms
preferred in-bound OI and meeting customer demands was the most important driver
of OI. Cosh and Zhang (2011) who investigated British SMEs also found that their
sample firms were actively collaborating with customers and suppliers and
implementing joint R&D or joint marketing.

4.2.  Open innovation modes

The latent variable (performance) is a mean value of three manifest variables and has
an ordered value between 1 and 7 with interval 0.33. Considering this, an
ordered-Probit regression model was employed and a normality assumption was
verified by the Wilks W test. As shown in Table 4, three different models were
examined in order to see the influence of the OI adoption on performance. First,
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Model 1 includes only control variables (a baseline model), whilst the 'breadth of OI',
its square term and 'depth of OI' were added in Model 2 to identify the relationship
between the extent of OI adoption and firm performance. The robust method was used
to estimate a marginal effects of square terms in a non-linear model (Norton et al.,
2004). In Model 3 the effect of individual OI adoption was examined in order to see
which OI mode could have contributed to firm performance.

Table 4. OI adoption and firm performance

Variables Model 1 Model 2 Model 3
(Controls)
Firm size 0.034(0.074) 0.023(0.077) 0.041(0.078)
R&D intensity -0.004(0.006) -0.002(0.007) 0.001(0.007)
Firm age 0.004(0.009) 0.001(0.009) 0.005(0.009)
Market turbulence -0.109(0.050)" -0.133(0.052)" -0.155(0.052)"
Government support 0.124(0.049)* 0.043(0.053) 0.040(0.060)
(OI breadth and depth)
Breadth of OI 0.179(0.950)" -
(Breadth of OI) -0.020(0.021) -
Depth of OI 0.240(0.088)""
(OI adoption)
In-sourcing -0.032(0.055)
Joint R&D 0.125(0.058)"
Mé&A/alliance -0.080(0.117)

User involvement 0. 133(0.041)***

Licencing-out 0.120(0.079)

Spin-off -0.138(0.116)

Open sourcing 0.244(0.082)**
(Model fit)

Cox and Snell R 0.044 0.102 0.157
Nagelkerke R? 0.045 0.103 0.158
McFadden R’ 0.009 0.021 0.033

A (-2LogLikelihood) 13.5217" 29.869™"" 48.037"""

Note: Estimates are beta coefficient and robust standard errors are in parentheses.
p<0.001, "p<0.01, p<0.05, "p<0.1 / *difference with intercept only model

The results suggest that Ol adoption can be positively associated with firm
performance. Model 2 confirms that both broad and intensive OI adoption can
contribute to performance. The square term of ‘Ol breadth’ showed a negative
association but it was statistically insignificant. Thus, hypothesis 1 and 3 were
supported, whilst hypothesis 2 was rejected.

The results of Model 3 showed that only OI modes introducing relatively low levels
of change, such as joint R&D (technology-oriented), user involvement and open
sourcing (market-oriented), are positively associated with performance. The other OI
(i.e., organisation-oriented) introducing high levels of change had no impact on
performance. This partially validates hypothesis 4. Also, it was found that the
coefficient of market-oriented OI was larger than that of technology-oriented OI,
conjecturing high importance of market-oriented OI in SMEs.

In terms of control variables, only the 'market turbulence' was significantly associated
with performance. As expected, a competitive and hostile market environment
negatively influenced firm performance. However, the other control variables did not
show any significance in our sample.
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4.3. Collaboration partners

Ahn, Minshall, Mortara

To see the effects of collaboration on firm performance, three models were examined

as shown in Table 5.

Table 5. OI partners and firm performance

Variables Model 4 Model 5 Model 6
(Controls)
Firm size -0.037(0.085) 0.002(0.088) -0.003(0.088)
R&D intensity -0.008(0.007) -0.005(0.007) -0.008(0.007)
Firm age -0.001(0.011) 0.001(0.011) -0.006(0.011)
Market turbulence -0.109(0.055)" -0.124(0.056)" | -0.127(0.057)"

Government support
(OI breadth and depth)
Breadth of OI
Depth of OI
(Collaboration breadth and
depth)

Breadth of collaboration
(Breadth of collaboration)?
Depth of collaboration

(Collaboration partner)
Other firms
Suppliers
Customers/clients
Affiliated firms
Consultancy/intermediaries
Universities
Research Institutes

Cox and Snell R?
Nagelkerke R?
McFadden R?
A (-2LogLikelihood)*

0.070(0.062)

0.253(0.151)"
-0.022(0.019)
0.102(0.049)"

0.130
0.131
0.027

Hokok

32451

0.065(0.066)

-0.120(0.148)
0.188(0.199)
0.519(0.190)"
-0.212(0.154)
0.358(0.161)"
-0.009(0.163)
0.379(0.170)"

0.166
0.167
0.035

dokok

42.369

-0.016(0.065)
().080(0.044):

0.322(0.102) ™"
0.090(0.059)

0.056(0.031) "

0.190

0.191

0.041
47.493""

Note: Estimates are beta coefficient and robust standard errors are in parentheses.

ok

p<0.001, **p<0.01, *p<0.05, “p<0.1/ *difference with intercept only model

Model 4 included two aggregated collaboration variables, breadth and depth of
collaboration, whilst Model 5 showed the effect of individual OI partners. As in the
case of OI adoption, the aggregated collaboration variables (i.e., breadth and depth)
were positively associated with performance. The results of Model 4 showed that both
broad and intensive collaboration can contribute to the enhancement of performance.
However, the square term of collaboration breadth did not show its statistical
significance, even though it showed a negative association with firm performance.
In model 5, the effect of each individual OI partner on performance was examined.
The results showed that external collaboration with customers, consulting
firms/intermediaries and public research institutes can contribute positively to
performance. We ran an additional model (Model 6) including all aggregated
variables. The results showed that wide and intensive OI adoption with intensive
collaboration can enhance firm performance, which is in line with the finding of
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Spithoven et al. (2013) that SMEs benefit from intensive OI engagement.

5. Discussion

This paper has investigated the influence of OI on firm performance. Based on survey
data on innovative manufacturing SMEs, we found that OI can be a good approach
enhancing firm performance in SMEs. The following findings are drawn from the
analysis.

First, we found that both broad and intensive OI adoption can positively contribute to
the enhancement of firm performance. OI adoption can be perceived as a process of
introducing a new innovation route that may not previously be provided by internal
R&D. In this regard, broad OI adoption can diversify firms' managerial options that
will be useful when firms deal with a fast-changing market environment. Also,
intensive OI adoption, which indicates how deeply firms are engaged in specific OI
modes, helps firms to examine and select efficient and most suitable innovation routes
among diverse choices, which in turn could enhance performance. However, as noted
by Laursen and Salter (2006), too much openness may make it difficult for firms to
benefit from their innovation. So, an inverted U-shaped curvilinear relationship
between OI breadth and firm performance was assumed, but the square term of OI
breadth showed no significant association, which rejects our conjecture. This may be
interpreted by recognising the nature of OI implementation and the changes involved.
Since OI adoption is, in fact, the development of new innovation routes, its influence
may be different from that of external information search that simply consumes
organisational resources. As OI provides new opportunities for commercialisation by
diversifying innovation routes (see Figure 2 and 3), adopting many OI modes may not
harm firm performance. This finding is important for SMEs, in the sense that given
the resource constraints they typically hesitate to change their innovation routes.

Second, our results also indicate that not all OI modes affect performance positively.
As shown in Table 1, OI adoption involves different types of changes in technology,
market and organisational structure. Our results suggest that the OI modes involving
technology (joint R&D) and market level changes (user involvement and open
sourcing) contribute to firm performance positively. This might be interpreted in two
ways. First, this phenomenon may reflect the characteristics of SMEs that generally
focus on technological development and implement market-oriented innovation
(Brunswicker and Vanhaverbeke, 2014; Lee et al., 2010; Oakey, 2013). Technology is
an essential source of innovation (Dosi, 1982) and innovative SMEs which do an
application-oriented search perceive OI as a beneficial complement of internal R&D
(Brunswicker and Vanhaverbeke, 2014). Also, most SMEs implement
market-oriented, demand-driven OI (Brunswicker and van de Vrande, 2014; Lee et al.,
2010; Van de Vrande et al., 2009) because they generally lack the capability to
identify market trends and access new marketing channels (Narula, 2004). The fact
that 'open sourcing' significantly affected performance despite its low adoption
frequency (see Figure 4) may also support this explanation. As 'open sourcing' is
market-oriented Ol and at the same time it aims to exploit external technology
(Henkel, 2006), it may satisfy SMEs' needs. The next interpretation is based on the
types of changes introduced by each OI mode. Due to their insufficient resources and
weak managerial capacity, they cannot deal with every kind of risk and change
involved in OI (Ahn et al., 2014). They have to implement innovation discreetly
according to circumstances (Alstrups, 2000). However, OI adoption results in an
innovation routine modification that brings with it various changes, such as new
technology, new market and new organisational structure (Mortara et al., 2011).
Therefore, only when SMEs have the necessary managerial resources in dealing with
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these changes can they have benefit from OI. Yet, as the advantage that most
innovative SMEs have lies in technology rather than managerial resources (Narula,
2004; Oakey, 2013), they are not likely to cope with the higher level changes (e.g.,
building a new business model and setting up a new organisation) that require
systematic resource reallocation. Thus, complex OI requiring substantial
organisational changes (M&A and spin-off) or IP management (licensing-out) may be
infrequently adopted compared to other OI modes and not significantly contribute to
performance improvement.

Third, we investigated the relationship between collaboration partners in OI
implementation and firm performance, and as in the case of OI adoption we found
that broad and intensive engagement with partners can affect performance positively.
We presumed an inverted U-shaped curvilinear relationship between collaboration
breadth and firm performance, in the sense that collaboration is a time-consuming
process requiring an establishment of new protocols (Kitchell, 1997; Narula, 2004).
Yet, in our results no evidence was found with regard to such a relationship. This may
suggest that collaboration partners can also be perceived as providing important paths
leading to new innovation routes. Certainly, building a new relationship demands
resources, but as this newly established relationship can contribute to the
diversification of firms' innovation routes, collaborating with many partners may not
harm performance improvement. Our results also showed that non-competing partners,
such as customers, consultancy/intermediaries and public research institutes, can
positively affect firm performance. This is in line with the literature (e.g., Cosh and
Zhang, 2011; Lee et al., 2010; Van de Vrande et al., 2009). As SMEs choose to open
their firm boundaries to survive fierce competition, they may prefer OI partners who
do not threaten their business.

Last, with regards to control variables, many of them did not show direct influence on
performance. Despite what previous literature found (e.g., Laursen and Salter, 2006;
Spithoven et al., 2011), for our sample of SMEs, internal R&D did not directly affect
performance. This discrepancy might spring from our sample characteristics. As we
investigated innovative SMEs with high levels of internal R&D intensity, they may
already be at a high technology level, thus difficult to improve upon only by virtue of
internal R&D. Just as 'over search' can be detrimental to firm performance (Laursen
and Salter, 2006), too much investment in internal R&D may result in failure to
allocate the limited resources elsewhere, in turn resulting in insignificant contribution
to performance improvement. Rather, as our results show, broadening managerial
options by opening firm boundaries will be a winning approach for highly innovative
SMEs. Further, although government support did not directly contribute to the
improvement of firm performance, as our correlation matrix shows (see Appendix), it
was significantly related with many OI modes and innovation partners, such as
in-sourcing, joint R&D, Mé&A/alliance, other firms and suppliers. In this respect, it
can be said that government support stimulates collaboration among innovation actors
and encourages OI adoption. Its importance in the OI context must not be overlooked.

6. Implications and limitations

Our study has some theoretical and practical implications. First, a possible theoretical
contribution of the paper lies in the suggested OI taxonomy that classifies OI
according to the type of changes involved in it (see Table 1). We used this
classification to interpret our analysis results, but it can also be applied in other
contexts (e.g., large firms) to enrich our understanding of OI.

Second, for practical implications, senior managers and policy makers should be
aware of the importance of OI in enhancing SME performance. The findings of the
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study have provided further empirical evidence that SMEs can benefit from OI by
broadly and intensively engaging in OI modes and collaborating with external
partners. This can be a useful guideline for mangers and policy makers who are
interested in the promotion of SME OI. Given their resource limitations, SMEs may
hesitate to engage in many OI modes and collaborate with many partners. However,
as our results indicate, it is recommended for them to do so, as broad OI adoption and
collaboration does not harm performance improvement. Since newly adopted OI and
established collaboration relationships can provide firms with new innovation routes
which might not be achieved through closed innovation approach, an increase in
openness will contribute to the enhancement of firm performance by diversifying
innovation strategies. Thus, when facing OI mode choice issues, it is indeed necessary
for SME managers to broaden their OI strategies.

However, despite the above potential contributions, this paper has some research
limitations. First, the sample concerns only innovative manufacturing SMEs with
high R&D intensity. Thus, our findings may be affected by the sample characteristics
and might not be easily generalised to other sub-populations of SMEs, such as service
firms or non-innovative small firms. Second, as innovation can be different in a
different national innovation system (NIS), our results from a single country context
might have been influenced by national context, such as economic fundamentals and
culture. As noted by Edwards et al. (2005), a higher level of understanding is
achieved when considering the complex linkage between an SME and its
socio-cultural context. Thus, future studies may obtain better understanding by
including variables reflecting socio-cultural contexts or conducting comparative
studies of two or more countries. Last, since this study did not deal with longitudinal
data, any discrepancies with the literature could not be not fully investigated. For
example, even though the performance variable this study used was a three-year
average value, a possible delay effect may exist. Thus, it was not possible to examine
whether the insignificant effect of internal R&D was caused by a delay effect.
Improved results might be obtained by future studies addressing these research
limitations.
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Abstract: Low- and medium-tech small and medium-sized enterprises (LMT
SMESs) constitute a large and important segment in European economies.
Because of increasingly international competition, LMT SMEs must rely on
innovation to strengthen their competitive position over time. In this study, we
empirically analyze possible complementarity or substitutability between
internal capabilities and external knowledge sourcing. Using a short panel of
142 Dutch LMT SMEs, we find empirical evidence that suggests a negative
interplay between internal capabilities and external knowledge sourcing.

Keywords: Low-tech and Medium-tech Small Sectors, Medium-Sized
Enterprises, Open Innovation, Innovation Strategy.

1. Introduction

One may distinguish two dominant approaches to achieving innovation: the first
approach views a firm’s internal capabilities as the primary drivers of innovation
(Dosi, 1982), while the second approach views innovation as driven by a firm’s
external partnerships (von Hippel, 1998). The theory of open innovation
(Chesbrough, 2003) considers that firms cannot longer afford to rely exclusively on
internal innovative capabilities to cope with today’s global market challenges, but
rather need to engage in external knowledge sourcing to ensure survival in nowadays
economy where technology shifts occur at an increasingly rapid pace. Open
innovation then implicitly posits complementarity between a firm’s internal
capabilities and external knowledge sourcing (e.g., Cassiman and Valentini, 2011). A
key pre-condition to open innovation is that firms dispose of absorptive capacity to
internalize external knowledge (e.g., Vanhaverbeke et al., 2008). Absorptive capacity
has been defined as a firm's “ability to recognize the value of new information,
assimilate it, and apply it to commercial ends” (Cohen and Levinthal, 1990, p.128).

Since its introduction, the concept of open innovation has received considerable
coverage in the business management literature (e.g., Cassiman and Valentini, 2011;
Chesbrough et al., 2006; Hagedoorn and Ridder, 2012; Laursen and Salter, 2006;
Mazzola et al., 2012; Mention, 2011; Mention and Asikainen, 2012). Empirical
evidence to support the importance of open innovation has been mainly concentrated
on so-called high technology industries, e.g., computers, information technology, and
pharmaceuticals (Chesbrough et al., 2006). Additionally, open innovation has been
studied mostly in multinational enterprises, of which most have large internal R&D
departments (Vanhaverbeke et al., 2012). In this context, empirical evidence has

indicated that internal capabilities and external knowledge sourcing are complements
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rather than substitutes (e.g., Chesbrough, 2003; Chesbrough et al., 2006; Denicolai et
al., 2014; Laursen and Salter, 2006), suggesting that the greater the internal
capabilities of the firm, the greater the effect of external knowledge sourcing on
innovative performance.

Despite this considerable attention, research on open innovation in small medium-
sized enterprises in low- and medium-technology industries (henceforth, LMT SMEs)
has remained scarce and therefore it remains an open question whether the concepts
of open innovation can be readily applied (Vanhaverbeke et al., 2012). It may be that
open innovation practices do not hold in the context of LMT SMEs because of their
specific innovation pattern.

LMT SMEs are not at the forefront of innovation when compared to their
counterparts in high-tech sectors. LMT industries are depicted as being characterized
by process, organizational and marketing innovations, by weak internal innovation
capabilities and by strong dependence on external sources of knowledge
(Heidenreich, 2009). Hirsch-Kreinsen (2008) allocates the degree of novelty of
innovations in LMT sectors, as somewhere between incremental and architectural in
nature. For these firms, innovations are usually the outcome of recognizing new
market opportunities, with technology push innovations only playing a minor role
(Vanhaverbeke et al., 2012).

The goal of this study is to contribute to the empirical literature by advancing and
testing the implicit complementarity connected to open innovation in the context of
LMT SMEs. We examine the nature of the relationship between a firm’s internal
capabilities i.e., technological and marketing-related and external knowledge
sourcing. To test our hypotheses, we rely on four innovation surveys conducted by a
not-for-profit innovation intermediary in the Netherlands that correspond to the years:
2000 to 2003. From these four waves we constructed an unbalanced panel of 142
Dutch LMT SMEs.

The study is structured as follows: in the next section, we review the literature on
LMT SMEs and open innovation and present the theoretical arguments for our
research hypotheses. We then go on to provide information on the database and
methodological approach, followed by the empirical results obtained. Finally, we
draw some conclusions and discuss the policy implications and limitations of our
research.

2. Literature background and hypotheses

The OECD distinguishes four different categories of industries on the basis of the
technology intensity (Hatzichronoglou, 1997). Industry sectors with an R&D intensity
of more than 5% are classed as high technology and those with an R&D intensity
between 3% and 5% as medium-high technology. Industry sectors with an R&D
intensity of between 3% and 0.9% are classified as medium-low technology and those
with an R&D intensity below 0.9% as low-technology. The latter two are generally
referred to as low- and medium-technology (LMT).

LMT industry sectors play an important role in industrialized economies as they
provide more than 90% of output' (as a result, their contribution to aggregate growth
is likely to largely outweigh that of high technology sectors) and account for over
60% of employment in the manufacturing sector (e.g., Hirsch-Kreinsen, 2008;
Robertson, Smith and von Tunzelmann, 2009). LMT firms in Europe are mostly

! European Union, the USA and Japan
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small- and —medium sized enterprises and they constitute a large and significant
segment in European economies (e.g., Hirsch-Kreinsen et al., 2003; Hirsch-Kreinsen,
2008; Potters, 2009).

LMT SMEs are a highly heterogeneous population in terms of their technology base,
industry classification, internal capabilities and their position in the value added chain
(e.g., Hirsch-Kreinsen, 2013). LMT SME:s by their very nature are characterized by a
low R&D activity and predominantly include mature industries, such as the
manufacture of household appliance, food processing, paper, printing and publishing,
wood and furniture, metal and plastic products industries (e.g., Hirsch-Kreinsen et al.,
2008).

Given the growing international competition, LMT SMEs must rely on innovation to
strengthen their competitive position over time (e.g., Hirsch-Kreinsen, 2008;
Morrison, 2011). Literature has distinguished two main types of innovation activity:
process and product innovation. A process innovation is defined as the
implementation of a new or significantly improved production or delivery method
employed to produce a product or service, whereas a product innovation is the
commercial introduction of a good or service new or significantly improved with
respect to its technology (OECD, 2005). Process and product innovations are two
valuable but distinct activities. On one hand, process innovation can lead to improved
flexibility and increased capacity of production, reduced costs of labour, materials
and energy (Heidenreich, 2009). On the other hand, product innovation enables firms
to accomplish product differentiation, whereby an increased range of products and
hence new markets can be attained (Wziatek-Kubiak, 2008). By adopting a product
differentiation approach, firms seek to distinguish their products from competitors,
where quality upgrading and novel characteristics and functionalities can be regarded

as differentiating attributes (e.g., Morrison, 2011; von Tunzelmann and Acha, 2006).

A number of studies have stressed the considerable importance of process innovation
for firms in LMT sectors (e.g., Heidenreich, 2009; Kierner et al., 2008). The main
argument behind is that factors, such as cost competition and economies of scale, are
much more prevalent in LMT industries. Then, a logical step for many LMT SMEs
would be to focus, by large, on process innovation rather than on product innovation.
By this means, firms are able to cut costs quickly and improve their efficiency.
However, studies have revealed that LMT firms achieve a significant growth in
income from new and technological changed products that have considerable

aggregate impact (IMP3rove II study, 2011; Robertson et al., 2009). Increasingly,
LMT firms are strategically expanding the share of complex and customized products
as a specific strategy of competing with companies from low-cost countries (Hirsch-
Kreinsen, 2008). Moreover, by increasing the degree of novelty of innovation in
products, LMT firms can improve their competitive advantage and create
opportunities to access new market segments ahead of competitors (e.g., Amara et al.,
2008; Wziatek-Kubiak, 2008).

LMT firms are not at the forefront of innovation when compared to their counterparts
in high-tech sectors. Hirsch-Kreinsen (2008) places the degree of novelty of
innovations, in LMT environments, as somewhere between incremental and
architectural in nature. For Hirsch-Kreinsen, incremental innovations are reflected in
the step-by-step product development path, which is characterized by the constant
further improvement of individual components concerning their material, their
function and their quality, however the structure and the technological principles of
the products remain unaffected. On the contrary, for Hirsch-Kreinsen, architectural
innovations are direct and specific customer-oriented and their main feature is the
continual reconfiguration of individual components for the development of new
products that can meet special customer requirements and open up new market
segments. In LMT industries, innovations that are new to a market segment (or
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market niche) are often the result of changes in the overall design of a product or the
way its components interact with each other (e.g., Hirsch-Kreinsen, 2008).

Given the shortening of product life cycles, the multidisciplinary nature of many
technologies and the growing complexity of knowledge processes, firms are
increasingly engaging in external knowledge sourcing to supplement their internal

capabilities (e.g., Brunswicker and Vanhaverbeke, 2014; Chesbrough, 2003;
Chesbrough et al., 2006). The role of external knowledge sourcing as a determinant of
innovation has been underlined by the theory of open innovation (Chesbrough, 2003).
At the core of the theory of open innovation is that, firms can gain valuable
knowledge for innovation from a wide range of distributed external sources of
knowledge. Firms may engage in open innovation in two ways: (1) Inbound open
innovation, and (2) Outbound open innovation (Chesbrough and Crowther, 2006).
Inbound open innovation refers to inward technology transfer, where firms monitor
their environment to source technology and knowledge into their internal knowledge
base. Outbound open innovation, in contrast, refers to outward technology transfer,
where firms look for external organizations that are better suited to commercialize a
given technology (Lichtenthaler, 2009).

In the context of low-tech or mature industries, inbound open innovation has been
shown to be prevalent over outbound open innovation (e.g., Chesbrough and

Crowther, 2006; Chiaroni et al., 2010; Tsai and Wang, 2009). For LMT firms, it has
been customary to consider specialized suppliers as the most important cooperation
partners and the main external sources of knowledge for innovation activities (Hirsch-
Kreinsen, 2008). As a consequence, we would expect external actors, such as,
customers, competitors, universities and knowledge institutions to have a limited role
in LMT SMEs’ inbound open innovation activities. This challenges the assumption
from an open innovation perspective that LMT SMEs’ innovate performance relies on
different external knowledge sourcing modes (Vanhaverbeke, 2006). Moreover,
depending heavily on suppliers for critical knowledge may pose substantial risks
(Fine and Whitney, 1996).

Although their relative importance may vary from enterprise to enterprise and from
sector to sector, innovation depends, to one degree or another, on externally generated
technological and market knowledge (e.g., Amara and Landry, 2005; Bender, 2008;
Grimpe and Sofka, 2009; Hervas-Oliver et al., 2012; Laursen and Salter, 2006;
Robertson and Smith, 2008). Technological and market knowledge can increase a
firm’s ability to discover and exploit opportunities e.g., to recognize wants and needs
in the marketplace and to determine a product’s optimal design and market value of
new scientific discoveries (Wiklund and Shepherd, 2003). Technological knowledge
is largely associated with university research and specialized suppliers (Laursen and
Salter, 2006), while market knowledge is linked to customers and competitors
(Grimpe & Sofka, 2009; Li and Calantone, 1998). Applying the concepts of open
innovation, we anticipate that LMT SMEs that tap on external knowledge-be it
technological or market-will be more likely to develop product innovations with a
higher degree of novelty. Taken together, these arguments suggest the following
hypotheses:

Hypothesis 1: External sources of market knowledge (customers and
competitors) will have a positive impact on a LMT SME’s innovative
performance.

Hypothesis 2: External sources of technology knowledge (universities
and suppliers) will have a positive impact on a LMT SME’s innovative
performance.

Having access to external knowledge stocks is recognized as a necessary but not
sufficient condition for value delivery (Dierickx and Cool, 1989). It is only when
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knowledge is properly deployed via the firm’s capabilities that superior organizational
performance can be developed (Day, 1994). Previous research suggests that there are
firm-specific capabilities that affect the value that a firm derives from external

knowledge sourcing (Su et al., 2009; Vega-Jurado et al., 2009). More specifically, a
firm’s technological and marketing capabilities affect its ability to identify and
explore external knowledge sourcing opportunities (e.g., Su et al., 2009).

Technological capability refers to as a stock of technological knowledge that a firm
accumulates over time (e.g., Srivastava and Gnyawali, 2011; Wu, 2014). One of the
key components of a firm's technological capability is absorptive capacity, which
refers to its ability to identify, assimilate and utilize external technological knowledge
(e.g., Cohen and Levinthal, 1990; Jo and Lee, 2014). Building technological
capability requires firms to invest substantial resources in R&D (Zhou and Wu,
2010). As a result, the accumulation of technological knowledge increases the firm’s
ability to engage in product innovations beyond the current technological boundaries.
In the context of LMT SMEs, internal R&D activities and consequent technological
capabilities are expected to be conducive to the introduction of architectural
innovations, which Hirsch-Kreinsen (2008) characterizes as the recombination of
existing components in order to obtain a new product design.

In the debate on LMT industry innovations, it is often assumed that external sources
of knowledge are considerable important and that these compensate for lower levels
of internal R&D activities. At lower levels of technological capability, specialized
suppliers and universities may constitute the main sources of technological
knowledge generation. Universities or research institutes may represent a viable
alternative to gain technological knowledge, as LMT SMEs may have access to the
expertise of the academic staff and technical facilities they need for new product
development (George et al., 2002). A similar alternative to gain technological
knowledge may be through highly specialized suppliers, as LMT SMEs may have
access to their in-depth technical knowledge of individual components (e.g., Cui and
Loch, 2011; Lee and Veloso, 2008). Therefore, we anticipate that LMT SMEs may
opt to substitute their relatively little R&D and technological capabilities for external
sources of technological knowledge. We therefore hypothesize:

Hypothesis 3: At lower levels of technological capability, universities
and suppliers (external sources of technological knowledge) become a
substitute for the in-house R&D performed.

Marketing capability is related to a firm’s ability to integrate knowledge pertaining to
customers' current and potential needs for new products and knowledge about
competitors' products and strategies to take advantage of market opportunities (e.g.,
Su et al., 2009). A review of the literature shows the debate whether market
knowledge fosters or hinders innovation. Empirical evidence on this topic has varied;
some indicating that having a strong customer and competitor orientation may lead to
imitations and incremental innovation in products (e.g., Atuahene-Gima, 1995;
Christensen & Bower 1996; Lukas & Ferrell, 2000). This might hold true particularly
for technology-driven industries, where it is assumed that a strong focus on R&D is
required for truly innovative products. But, in certain sectors, where innovation is not
solely about technology but is rather a market-driven process, market knowledge
might directly contribute to the increase of the share of sales of new products,
regardless the level of R&D expenditure (e.g., Kirner et al., 2009). More specifically,
in the context of LMT industries, the exploration and understanding of markets and
the use of market information to shape the creation of new products, taking advantage
of market niches, are central to innovation (e.g., Grimpe and Sofka, 2009; Hirsch-
Kreinsen, 2008; Robertson and Smith, 2008).

Marketing capability may enable LMT SMEs to leverage customer-related market
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knowledge as their needs can be identified, elaborated and translated into new product
specifications (e.g., Hauser and Clausing, 1988; Li and Calantone, 1998; Song et al.,
2005; von Hippel et al., 1999; Yassine and Wissmann, 2007). Additionally, marketing
capability may enable LMT SMEs to leverage competitor-related market knowledge
to enhance its understanding about market conditions that can be used to create
products or marketing programs that are differentiated from those of competitors
(e.g., Im and Workman, 2004; Wu, 2014). We anticipate a synergy effect between
marketing capability and external market knowledge. Thus, the following hypothesis
is proposed:

Hypothesis 4: Marketing capability and customers and competitors

(external sources of market knowledge) are complements, thus having a

positive impact on a LMT SME’s innovative performance.

3. Data, Methods and Sample Description

For our empirical analysis, we rely on four innovation surveys conducted by Syntens
a not-for-profit innovation intermediary in the Netherlands that correspond to the
years: 2000-2001-2002-2003. From these four waves we construct an unbalanced
panel of Dutch SMEs since not all firms responded throughout the four years. A firm
is included within the 4-year panel if, and only if, it consecutively answered the
survey for at least two years.

Our final dataset consists of an unbalanced panel of 250 observations on 142 LMT
SMEs. The percentage distribution of LMT SMEs across the different industries is as
follows: Manufacture of Food and Beverages (9%); Manufacture of Wood and
Products of Woods (4%); Publishing and Printing (5%); Manufacture of Rubber and
Plastic Products (5%); Manufacture of Non-Metallic Mineral Products (5%);
Manufacture of Basic Metal (3%); Manufacture of Fabricated Metal Products, except
machinery and equipment (29%); Manufacture of Machinery and Equipment (12%);
Manufacture of Furniture (6%); and Construction (21%).

3.1. Measures

Our dependent variable is innovative performance, reflected in product innovations
that were successfully introduced by a firm into the market. New product
development is a quite common measure of firm’s innovation performance in open
innovation literature (Mazzola et al., 2015). It provides an indication of a firm’s
innovative performance, as it shows how well a firm succeeded in introducing a new
technological product into the market (e.g., Brouwer and Kleinknecht, 1999).
Variable innovative performance is estimated as the percentage of turnover resulted
from new to market product innovations.

3.2. Hypothesis testing variables

A first group of focal variables captures a LMT SME’s internal capabilities. Prior
studies (Wu and Wu, 2013; Wu, 2014) have used R&D intensity as a measure of a
firm’s technological capability, suggesting that firms that invest more in R&D, are
considered to have greater technological capabilities. We follow that lead by using the
ratio of internal R&D spending to total sales as a measure of the variable
technological capability. Following previous studies (Wang et al., 2011), the variable
marketing capability is measured as a LMT SME’s marketing intensity (the share of
annual expenditure incurred in marketing in sales). A second group of focal variables
captures a LMT SME’s inbound open innovation activities. The variable external
business knowledge measures the variety of external sources of business knowledge:
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customers and competitors. The variable external technological knowledge reflects
the variety of external sources of technological knowledge: universities and suppliers.
These variables can take integral values between 0 and 2 respectively, because a firm
can use up to two different external sources, including clients and/or competitors for
business knowledge and universities and/or suppliers for technological knowledge.

33. Control variables

We include a number of firm-level variables to control for the effect of own R&D
efforts as well as the impact of incoming knowledge spillovers that are not due to
external knowledge sourcing. The first control variable is firm size (the logarithm of
the number of employees). In addition, we include the variable human capital (share
of employees with a university degree) and the variable purchased R&D-related
intensity (as share of annual expenditure incurred in the acquisition of other external
knowledge in sales e.g., machinery, equipment, software). We include the lagged
dependent variable innovative performance as a control variable, as we expect a
firm’s innovative performance to be largely determined by its past performance. In
addition, the LMT SME’s past innovative performance controls for unobserved
heterogeneity. An additional control variable includes training (share of annual
expenditure incurred in employee training in sales). Further control variables include
a set of 2-digit industry dummies (we distinguish 10 LMT manufacturing sectors) and
4 time dummies with 2000 as the base year. Table 1 shows descriptive statistics and
pairwise correlations for the variables used.

34. Statistical method

Our statistical method is determined by the nature of our dependent variable,
innovative performance and by the fact that we use an unbalanced panel dataset. The
underlying dependent variable can take values from O to 1, as the share of new to the
market products in sales is nonnegative. Given the left and right censoring in the
dependent variable, the Tobit model, also called a censored regression model, is
applicable. Since the panel data is highly unbalanced (as only 25% of the LMT SMEs
are observed for two years or more), a fixed-effects model is not preferable. In these
circumstances we apply a Tobit analysis, which is also assumed to allow for
unobserved firm heterogeneity.

4. Results

Table 1 indicates that the average annual internal R&D intensity is 0.60%.
Additionally, 7.2% of the SMEs’ sales refer to products that were introduced to new
markets. The average firm in our sample consists of 26 employees and on average
14% of its workforce possesses university degrees. Following the standard definition
used by the European Commission, all firms of the sample can be considered SMEs
as they have less than 250 employees, their turnovers do not exceed EUR 50 million
and their assets are valued at under EUR 43 million. Additionally, in accordance to
previous studies (e.g., Nieto and Santamaria, 2007), no distinction was made between
innovating and non-innovating firms, since such a distinction could give rise to a
biased result.
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Table 1. Descriptive statistics and pairwise correlations

Mean  S.D. 1 2 3 4 5 6 7 8 9
1 Innovative performance * 0.072  0.160 1
2 Innovative performance 0.085 0.216 0.575
3 Technological capability 0.006 0.013 0273 0.183
4 Marketing capability 0.009 0.019 0248 0.147 0.083
5 External market knowledge 0.858 0349 0.127 0.079 0.077 0.052
6 External technological knowledge 1439 0845 0.169 0.085 0.157 0.207 0.400
7 Human capital 0.143 0227 0.197 0274 0243 0375 0.050 0232
8 Training 0.002 0.005 0.126 0051 0.069 0.170 0.125 0.145 0.189
9 Firmsize 2,693 1.112 0.004 -0.100 -0.044 -0210 0.147 0.138 -0.357 -0.053
10 Purchased R&D-related intensity 0.023  0.071 -0.004 -0.022 0.011 -0.063 0.050 0.046 -0.048 0.018 0.008

Notes: The descriptive statistics are sample means for the years 2000-2003. The number of
observations is 250. All time-variant explanatory variables are in t-1. Absolute values of the
correlation coefficient of 0.138 or higher are significant at the 5% significance level.

Table 2. Tobit regression results for external market, and external technological knowledge and
LMT SME’s innovation performance

Model Model Model
| ] 1]
Intercent -0.217*+* -0.312*+* -0.450*+*
P (0.067) (0.073) (0.094)
Innovative performance lagged 04977 0.5000° 0437
(0.077) (0.650) (0.063)
Human capital 0.089 -0.035 -0.087
P (0.097) (0.0853) (0.086)
Trainin 3.581 3.145 2.889
g (2.926) (2.753) (2.683)
Firm size 0.310* 0.028* 0.025*
(0.018) (0.015) (0.014)
. ) 0.208 0.098 0.026
Purchased R&D-related intensity (0.210) (0.196) (0.190)
. . 3.528*** 8.725**
Technological capability (1.070) (2.807)
. . 2.103* 13.533***
Marketing capability (0.836) (3.998)
0.101* 0.236**
External market knowledge (0.056) (0.086)
. 0.007 0.028
External technological knowledge (0.019) (0.213)
Interactions terms
Market knowledge x marketing capabilit -2.846™
Technological knowledge x technological capability '1(!3'2%%)
Log Likelihood -29.696 -18.758 -7.837
LR test (Il vs. I; Il vs. II) 21.88*** 21.84*+*
Sigma 0.190(0.02)  0.176(0.02)  0.147(0.02)
Left-censored obs. 158 158 158
Right-censored obs. 3 3 3

Notes: Standard errors in parenthesis, *p < 0.1, **p < 0.05, ***p < 0.01. All samples are
estimated on a sample of 250 observations for 142 LMT SMEs. All models include 3 time
dummies and 9 industry dummies.

Model (I) contains regression results incorporating the control variables,
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manufacturing sector and year dummies only. Results show that innovative
performance (p < 0.01) and firm size (p < 0.10) have a significant and positive effect
on innovative performance. Regarding the industries dummies, the industry effects
together are jointly significant (p < 0.10). Additionally results show a negative
significance for Publishing and Printing (p < 0.05), Wood and Products of Woods (p
< 0.10) compared to the reference sector Food and Beverages. Firms from these
sectors seem to innovate less. Whereas, for Rubber and Plastic Products, Machinery
and Equipment and Fabricated Metal Products (p < 0.05), show a positive
significance compared to the reference sector.

Model (I11) shows regressions results including technological and marketing capabilities, as well
as external sources of business and technological knowledge. Control variables at firm level,
manufacturing sector and year dummies were included. Results show significant and positive
effects on the innovative performance for fechnological capability (p < 0.01), marketing
capability (p < 0.05) and external business knowledge (p < 0.10). The coefficient for external
technological knowledge and purchased R&D-related intensity are statistically not significant.
These results support the proposed hypothesis 1) confirming the overall positive contribution of
external market knowledge sourcing to firm’s innovative performance. These results, contrary
to expectations, do not support the proposed hypothesis 2) with regard to the impact of external
technology sourcing on LMT SME’s innovative performance.

In Model (11l), the coefficient for the interaction term external technical knowledge x
technological capability is negative and statistically significant (p < 0.01) whereas for external
business knowledge x marketing capability is negative and statistically significant (p < 0.05).
The coefficients for the variables technological capability, marketing capability, purchased
R&D-related intensity and external market knowledge retain their signs and significance, when
the interaction terms are added. These results support the proposed hypothesis 3) confirming
that for LMT SMEs external (technological) knowledge sourcing substitutes or compensates
for the low in-house R&D and technological capability. These results, however, do not support
the proposed hypothesis 4) with regard to the complementarity between marketing capability
and external sources of market knowledge.

Table 3 is used for robustness check whether the two types customers and
competitors, and the two types universities and suppliers can be aggregated into
market and technological knowledge source groups. Table 3 shows significant and
positive effects on innovative performance for technological and marketing internal
capabilities. We observe that customers and competitors (both sources of market
knowledge) have different effects on LMT SME’s innovative performance. While the
statistical significance of market knowledge inputs from customers is apparent,
market knowledge inputs from competitors is statistically not significant. These
results suggest that market knowledge for innovation is primarily customer-driven.
The knowledge inputs from universities and suppliers (both sources of technological
knowledge) appear not to have a statistical significant effect. The coefficient for the
interaction term customers x marketing capability is statistically not significant,
whereas for competitors x marketing capability is negative and statistically
significant. The coefficients for both interaction terms universities x technological
capability and suppliers x technological capability are statistically not significant.
Likelihood ratio tests for Model II is 2.86, and for Model III is 1.28, respectively.
This suggests that the aggregation as done in Table 3 is warranted.
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Table 3. Tobit regression results for customers, competitors, universities, and suppliers and
LMT SME’s innovation performance

Model Model Model
| 1I 111
Intercept -0.217%*%*  -0.278%** -0.379%**
(0.067) (0.075) (0.091)
Innovative performance lagged 0.497%+ 0.489%+ 0.428%+
(0.077) (0.640) (0.061)
Fluman capital 0.089 -0.039 -0.082
(0.097) (0.089) (0.083)
Training 3.581 3.251 2.721
(2.926) (2.618) (2.539)
Firm size 0.310% 0.029* 0.023*
(0.018) (0.016) (0.015)
Purchased R&D-related intensity (85(1)(%) (8(1)23) (g?gg)
Technological capability 4('?284*;;* 7(;.2658*;)*
Marketing capability (10'_79733;; ! 1(25532; *
Customers 0.132%* 0.089*
(0.064) (0.065)
Competitors -0.066 -0.079
(0.088) (0.221)
Universities -0.046 -0.031
(0.113) (0.221)
Suppliers 0.198* 0.252
(0.184) (0.388)
Interactions terms
Customers x marketing capability -3.460
(5.094)
Competitors x marketing capability -1 33493 66;)**
Universities x technological capability -1.058
(2.086)
Suppliers x technological capability (1171' 094 05)
Log Likelihood -29.696 -17.327 -7.196
LR test (II vs. I; IIT vs. IT) 25.57%** 20.26%**
Sigma 0.190(0.02) 0.168(0.08) 0.143(0.01)
Left-censored obs. 158 158 158
Right-censored obs. 3 3 3

Notes: Standard errors in parenthesis, *p < 0.1, **p < 0.05, ***p < 0.01. All samples are
estimated on a sample of 250 observations for 142 LMT SMEs. All models include 3 time
dummies and 9 industry dummies.
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5. Conclusions and further research

This study sheds light on the possible complementarity between internal capabilities
and external knowledge sourcing defined by the theory of open innovation. To test
our hypotheses, we mainly focused on a short panel of 142 Dutch LMT SMEs in the
period 2000-2003. In the Netherlands, LMT industries continue to play a key role in
the economic development in terms of both employment and value added (OECD,
2013). This underscores the major importance of this sector and makes the
Netherlands a very suitable research setting to be able to pick up on the kind of trends
we wish to capture.

Our results reveal the importance of technological and marketing capabilities for
product innovation and may confirm the view that product innovation in LMT
industries is not solely about technology, but is rather a market-driven process. As
noted by prior studies (e.g., Hirsch-Kreinsen, 2008) LMT firms may engage in
product innovations that are architectural in nature. Architectural innovation is based
on the rearrangement of the product’s components, aimed not only to meet special
customer requirements but also to open up new market segments. Then, this specific
type of innovation would involve marketing capabilities for the identification of
customer needs and technological capabilities for the functional and technical
upgrading of the product’s architecture In the case of LMT SMEs, their small-scale
R&D may indicate that the nature of internal R&D is largely adaptive and often
carried out on an occasional basis. LMT SMEs may initiate occasional R&D when
there is a direct demand, primarily aimed at adjusting product specifications to suit
niche markets. Product components, for instance, are often improved incrementally
with regard to materials, function and quality to accommodate changing customer
demands. In the context of LMT SMEs, we suggest that product innovations largely
depend upon adaptive technological capability.

With regard to external knowledge sourcing, our findings suggest that externally
generated (market) knowledge plays an important role for the development of highly
custom-designed products. LMT SMEs provide up-to-date customized product
innovations, which are usually developed in close partnership with customers. As the
research findings show, externally generated technological knowledge plays a
marginal role, which underscores the strong market orientation of product innovation.
We find that technological capability and external technology knowledge sourcing are
substitutes, leading to a negative relationship between the two. One potential
interpretation is that, R&D-related technological capability and external technology
knowledge sourcing provides a LMT SME with similar type of knowledge. More
specifically, our interpretation is that a LMT SME’s efforts on R&D and external
technology knowledge sourcing both put emphasis on component-type knowledge.
LMT product innovations can be triggered by a change in an individual component
(such as size or function) that creates new interactions or new linkages with other
components within the product (e.g., Henderson and Clark, 1990; Hirsch-Kreinsen,
2008). Thus, for LMT SMEs component-type knowledge may be generated either by
internal R&D or by external technology sourcing.

We find a negative interplay between marketing capability and external market
knowledge sourcing. We interpret these results as evidence of liability of smallness
and attention-allocation problems. While the possession of market knowledge makes
the conditions for superior performance possible, marketing capabilities enable firms
to deploy that knowledge (Vorhies et al., 2011). Compared to larger firms, LMT
SMEs generally face constraints associated with the shortage of financial,
management, and marketing resources. As a consequence, LMT SMEs may fail to
integrate new externally generated market knowledge into their existing (market)
knowledge base to develop new products. With regard to control variables, most
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results are intuitive and in alignment with previous studies, for example, firm size has
a positive association with innovative intensity (e.g., Archibugi et al., 1995).

Our results have some relevance for innovation policy. Our findings suggest that, in
the case of LMT SMEs, technological and marketing capabilities are particularly
effective to increased innovative performance. Policy initiatives should thus attempt
to support R&D activities within LMT SMEs. Alternatively, initiatives can include
the establishment of specific types of technology intermediaries that help SMEs in
traditional sectors to scan the market for emergent technologies, as well as to perform
complementary R&D activities if needed. Policies initiatives should also attempt to
extend collaboration (open innovation) between LMT SMEs and customers, as well
as, advisory and assistance services that help SMEs to capture, analyze, interpret and
integrate external market knowledge effectively.

Given the exploratory nature of this study and the relative small sample size, results
should be regarded with some caution. The preliminary nature of this empirical study
points the way towards further research. Future studies may focus on the integration
of external market knowledge in product innovation, in the case of LMT SMEs.
Additionally, when LMT SME:s carry out their innovative activities, they often do so
without formalized procedures. Future research thus may include these often informal
and small-scale innovative activities.
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Abstract. This paper aims to improve our understanding of why some
companies are more successful in implementing open innovation strategies than
others, by building a framework of capabilities required to benefit from open
innovation. It argues that companies can benefit from open innovation when
they have the capabilities to connect closed and open approaches to innovation.
This requires building a culture conducive to developing networking
capabilities. In the article, a comprehensive set of networking capabilities is
developed intended as an analytical tool to evaluate to what extent companies
are equipped to benefit from open innovation. As a first step to further
validating the framework, empirical research has been carried out in The
Netherlands to compare networking capabilities of companies in the technology
industry and in the knowledge intensive business services sector. The results
indicate that according to the framework, technology companies are in the lead
in benefiting from open innovation, which may be explained by their previous
experience in innovation networking. The results suggest that the networking
capabilities framework is a promising tool for analysis that can help companies
to become better equipped to jointly create value and capture value in
innovation networks. The research has policy implications for regions as well,
because it indicates that regional open innovation strategies need to address the
development of networking capabilities of companies and other actors in the

regional innovation system.

Keywords. Innovation, organizational culture, regional culture, service
industry, technology industry, networking capabilities, regions in The
Netherlands

1. Introduction: benefiting from open innovation-capabilities
and culture

The concept of Open innovation, launched by Chesbrough (2003), has quickly gained
acceptance among researchers (Christensen et al., 2005; Gann, 2005) and practitioners
(Kirschbaum, 2005), and its introduction has resulted in a growing body of literature
and ongoing research (Chesbrough et al., 2006; Chesbrough and Birkinshaw, 2006;
Chesbrough and Schwartz, 2007; Cooke, 2005a, 2005b, 2007; Dahlander and Gann,
2010; Gassmann et al., 2010; Fleming and Waguespack, 2007; Lee et al., 2010; West
and Bogers, 2014).

Open innovation can be defined as “The use of purposive inflows and outflows of
knowledge to accelerate internal innovation and expand the markets for external use
of innovation” (Chesbrough et al, 2006, p. 1). Chesbrough (2007, p. 22) argues that
“to get the most out of this new system of innovation, companies must open their
business models by actively searching for and exploiting outside ideas and by
allowing unused internal technologies to flow to the outside”. While early literature
on open innovation focused on open innovation strategies, recent publications pay

ISSN 2183-0606
http://www.open-jim.org
http://creativecommons.org/licenses/by/3.0 71



Journal of Innovation Management Prud’homme van Reine
JIM 3,2 (2015) 71-105

more attention to requirements for how to successfully implement an open innovation
strategy (Cheng and Chen, 2013; Chesbrough, 2012; du Chatenier et al., 2011;
Gassmann et al., 2010; Lichtenthaler, 2011; Mortara and Minshall, 2011). However,
the challenges of organizing for open innovation are still a relatively underexplored
area of research (West et al., 2014). This paper aims to improve our understanding of
why some companies are more successful in implementing open innovation strategies
than others, by building a framework of capabilities required to benefit from open
innovation.

Chesbrough (2012) contrasts “open innovation” with the “old” model of “closed
innovation”. In “closed innovation”, innovation processes are controlled by the
company by investing in internal R&D and innovations coming out of these
investments are protected by controlling intellectual property rights. However, recent
studies suggest that successful innovation strategies connect internal and external
sources of innovation by developing a dynamic balance between closed and open
approaches to innovation (Marques, 2014; Prud’homme van Reine and Dankbaar,
2011; Todtling et al., 2011). This can be understood with the help of the ‘absorptive
capacity’ concept, defined as the ability to identify, assimilate and exploit knowledge
from the environment (Cohen and Levinthal, 1989, 1990). By definition, absorptive
capacity is a capacity necessary to ‘absorb’ open innovation. It has been called ‘a
precondition to open innovation’ (Spithoven et al., 2010). However, as already
demonstrated by Cohen and Levinthal and reiterated by Vanhaverbeke et al. (2008),
companies use internal R&D capabilities to recognize and monitor external
technologies and effectively exploit them. Without investing in own R&D and
innovation activities, in other words in closed innovation, absorptive capacity cannot
develop and external knowledge cannot be effectively exploited. Therefore,
capabilities to create and share knowledge and ideas in networks, and to facilitate
dynamic interaction of internal and external knowledge, are essential to make open
innovation strategies work. Open innovation has strong links to the dynamic
capabilities perspective (Teece, 2007; West et al., 2014). Networking capabilities are
dynamic innovation capabilities, defined by Zollo and Winter (2002) as ‘hard to
transfer and hard to imitate innovation capabilities that firms use to develop, integrate,
and reconfigure existing and new resources and operational capabilities’. Networking
capabilities do not emerge spontaneously when a company implements Open
Innovation strategies. It can be argued that opening up the innovation process starts

with a mindset (Gassmann et al., 2010, p. 214)-it requires building a culture which is
conducive to developing networking capabilities. Organizational culture is closely
linked to network embeddedness (Noorderhaven et al., 2002) and plays an important
role in the willingness and ability of an organization to identify, assimilate and exploit
external sources of innovation in such a way that it contributes to performance.
Dynamic innovation capabilities can be embedded in an organizational culture over
time by building experience in open innovation networks, but this is a slow process.
Therefore, part of the explanation why some companies are more successful in open
innovation, may be that their previous experience in collaborative innovation has
resulted in the development of networking capabilities (Frankenberger et al., 2014),
further opening up their business model and building a culture conducive to open
innovation.

Although the cultural perspective has been identified previously as one of the
perspectives needed to develop an open innovation theory more fully (Gassmann et
al., 2010), there is still a gap in the literature when it comes to the impact of
competencies and culture on open innovation (Bogers and West, 2014). Studies of the
role of organizational culture in connecting internal and external knowledge are
relatively rare and often do not go much further than identifying obstacles for
implementation of open innovation such as the classic ‘Not Invented Here’ (NIH)-
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syndrome (Katz and Allen, 1982). E.g. Van de Vrande et al. (2009), in a study of the
implementation of open innovation in SMEs, identified organizational and cultural
issues as key barriers to implement open innovation, but did not investigate these
issues in detail. Henkel et al. (2014) report that existing cultures and corresponding
organizational processes can slow down the change toward openness, and point at the
need to go through a learning curve, but do not make a systematic analysis of the
effects of culture. Mortara and Minshall (2011) find that internal cultural heritage may
actually facilitate the adoption of open innovation. They conclude that a firm’s
cultural background can overrule other implementation drivers, and recommend
further qualitative studies to reveal the dynamics of open innovation adoption. The
research of Herzog and Leker (2010) on characteristics of closed and open innovation
cultures is probably the most detailed study linking culture and open innovation to
date, but it does not address the cultural implications of the interaction between closed
and open innovation needed to integrate external ideas. Moreover, the open
innovation literature lacks a connection to established theories of corporate culture
researchers who derived cultural characteristics of innovative companies in a
systematic way based on culture models (Prud’homme van Reine and Dankbaar,
2009, 2011; Schein, 2003; Trompenaars, 2007).

This paper will make an attempt to fill this literature gap by developing a framework
that connects the role of culture and network capabilities in the adoption and

implementation of open innovation. The impact of culture on open innovation will
then be further explored by using the framework to investigate differences in open
innovation adoption between companies in different industries. It is well known that
different industrial sectors may have distinctively different innovation patterns
(Malherba, 2005; Pavitt, 1984). For instance, sources of innovations and how
companies interact with these sources, which are closely related to open innovation,
may differ significantly between industries. The industries that we selected for this
comparative research are the technology industry and the services industry. In his
original taxonomy, Pavitt classified the technology industry as ‘science based’ and the
services industry as ‘supplier-driven’, however, in a later publication (Pavitt, 1994) he
put software services into the “specialized supplier” group and added a category of
“information intensive” firms. Malherba (2005) built further on this by proposing an
integrated and comparative way to look at sectors based on a sectoral systems
framework that allows for detailed analyses of innovation in sectors in terms of,
among others, knowledge and learning processes and network relationships. Malherba
(2005) explicitly mentions networks as a rather underexplored key variable and
comparative work as particularly relevant for further research. This paper reports a
comparative research between two sectors with different innovation patterns, focused
on the specific issue of innovation networking.

The technology industry was selected for our research because the evidence of open
innovation was first discovered in technology oriented companies (Chesbrough, 2003;
Chesbrough and Kardon, 2006; Schroll and Mild, 2011). We argue that technology
companies might be in the lead in benefiting from open innovation because of
previous experience in developing network capabilities and building a culture
conducive to open innovation. For many technology companies, several elements of
open innovation such as external networking, co-development partnerships and
outsourcing of R&D to public research institutes are by no means new. Hargadon
(2003) has shown that already at the end of the 19™ century, technology-brokers
developed competences for breakthrough innovations by bridging the gaps in existing
networks that separated industries and firms and by building new networks to guide
the market acceptance of these breakthroughs. The European Industrial Research
Management Association (EIRMA-in itself a collaborative organization of major
European companies to provide a pool of knowledge in R&D working methods)
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published reports on “Research bought outside the firm” (EIRMA, 1969), “Improving
industry-university relations” (EIRMA, 1988) , “Cooperative R&D in industry”
(EIRMA, 1989), “Effective collaboration R&D” (EIRMA, 1995), “Outsourcing
R&D” (EIRMA, 1997) and “Innovation through spinning in and spinning out”
(EIRMA, 2003) before the term Open Innovation was popularized. The author of this
article represented the innovation sector of a Dutch technology company in one of
EIRMAs workgroups in the early 1990s and personally witnessed how European
technology companies already in that period changed their attitude from the “NIH-
syndrome” to a more open attitude. Important triggers for this more open attitude
were the influential 5% generation model of R&D management (Rothwell, 1992),
which highlighted the need for increased external focus and Tidd’s publication on an
open and connected innovation model through intraorganizational and
interorganizational networks (Tidd, 1993). Government support for European
cooperative projects between technology companies and knowledge institutes was
instrumental in the process of opening up innovation in the technology industry as
well. Other data confirm that during the 1990s the importance of innovation networks
as a source of knowledge, increased rapidly, triggering the interest for what were later
called “Open Innovation” strategies. While in 1969 only 3% of research was bought
outside the firm (EIRMA, 1969), in 2000 outsourced and collaborative R&D had
risen to over 10% of total research. This percentage was estimated at 15% in 2008
(OECD, 2008) and still increases rapidly (Schroll and Mild, 2011). Some firms have
outsourced their entire R&D to other firms or universities. These developments are
due to the ever more rapid cycles of innovation, rapidly increasing investments
necessary for R&D, the increased mobility of knowledge workers and the rising
importance of venture capital, which made the closed model difficult to sustain and
made companies look for new sources of innovation beyond a specific industry,
discipline, or type of collaborative partner.

So, the insight that creation of useful knowledge and ideas takes place in a variety of
settings, not just in the own R&D labs of a company, but also at universities,
entrepreneurial firms, spin-offs of established firms, companies supplying essential
components, sub-assemblies or complementary products and competitors, is for
technology companies by no means new. Many technology companies were also
already familiar with another aspect of open innovation, involving customers and
lead-users in the innovation process, way before the open innovation concept was
launched. The term “open innovation” was first used in 1999 in the title of a seminar
on the benefits of networking for innovation with lead users in the open source
software development movement (Horwitch et al., 2000). However, the experiences
of technology companies in collaborative innovation with lead users were already
described in the work by Von Hippel (1986). The introduction of the open innovation
concept has definitely stimulated involving “customer-innovators” (Thomke and Von
Hippel, 2002) and “lead users” (Von Hippel, 2005) in the innovation process, but
many technology companies had experience in innovation networks with customers
and lead users already. This overview of antecedents of open innovation in the
technology industry suggests that technology companies with a strong history in R&D
and experience in developing networking capabilities are in a good position to benefit
from open innovation, because they are able to develop a dynamic balance between
closed and open innovation by combining their absorptive capacity and networking
capabilities and to develop a “culture of innovation” which connects strengths in
closed innovation and external networking capabilities. The need for such a dynamic
balance is related to Clippinger’s reflections on the need for enterprises to balance
between order and chaos because traditional top-down management methods no
longer work in an age of fast technological change and world competition-Clippinger
(1999) describes the balance as “that *sweet spot’ where creativity and resilience are
at their maximum”.
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The services industry was selected for the comparative research, because although the
focus of open innovation research has been on technology-oriented companies, there
has recently been more attention for open innovation in the services industry
(Chesbrough, 2011, 2012). Moreover, the services sector has an increasingly
important role in building knowledge-based economies while over a long period of
time it has suffered from a lack of attention to innovation:

¢ “Many services are poorly linked into wider innovation systems, and the
formal institutions that support them” (Miles, 2005, p. 449)

* “Policies in support of services innovation have remained relatively
underdeveloped in many regions" (EC Commission Staff, 2009, p. 53).

Den Hertog et al. (2010) argue for more attention to service innovation in open
innovation studies: “New services are increasingly realised through combinations of
service functions provided by a coalition of providers, both parties in the value chain,
and actors in the wider value network-it is remarkable in this context that open
innovation literature has started at the R&D and manufacturing side, whereas the
relevance for service innovation might be even greater” (Den Hertog et al. 2010, p.
494). Several publications of the European Commission emphasize that it is of vital
importance to understand how especially the Knowledge Intensive Business Services
sector (KIBS) can benefit from open innovation:

* “The economic importance of services means that improvements in
European living standards are likely to depend more and more on
productivity improvements in business services than in manufacturing”
(European Commission, 2007, p. 13)

e “KIBS are likely to be one of the main engines for future growth within the
European Union.” (European Commission, 2007, p. 7)

KIBS are private companies or organisations, relying heavily on professional
knowledge i.e. knowledge or expertise related to a specific (technical) discipline or
(technical) functional domain; and supplying intermediate products and services that
are knowledge-based (Miles et al., 1995). KIBS are recognized as innovators in their
own right and as contributing to innovation systems (Di Bernardo et al., 2012) but
attention for how KIBS interact with other actors and their contribution to innovation
dynamics is relatively recent (Doloreux et al., 2010).

In this paper we intend to address the literature gap in understanding the impact of
culture and network capabilities on adopting and implementing open innovation by
answering the following research questions:

e Is it possible to develop a comprehensive framework of networking
capabilities, rooted in theories of how organizational cultures impact
innovation that can be used to evaluate to what extent companies are
equipped to benefit from open innovation?

¢ If this is the case, can the framework be tested by using it to compare to what
extent companies in different industries which are likely to have different
innovation patterns and cultures (the technology sector and the knowledge
intensive business service sector) are equipped to benefit from open
innovation, as a first step to further validating?

2.  Theoretical background: networking capabilities and open
innovation cultures

In order to understand how companies can build a culture conducive to developing
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network capabilities, the extensive literature on knowledge transfer in networks (Dyer
and Singh, 1998; Levin and Cross, 2004; March, 1991; Powell et al., 1996) and the
concept of dynamic capabilities (Teece et al., 1996, 1997, 2007) are relevant.
“Dynamic capabilities” refer to the ability to integrate, build, and reconfigure internal
and external competencies to address rapidly changing environments (Teece et al.,
1997) and are therefore directly connected to open innovation.

Networks enable partners to create knowledge and share knowledge. The extensive
literature on the relationship between different types of networks and knowledge
transfer provides insight in how companies interact with their environment to benefit
from open innovation. E.g. Powell et al. (1996), in a discussion of interorganizational
networks as locus of innovation, argue that sources of innovation are usually found in
the gaps between firms, universities, research laboratories, suppliers and customers so
that the degree to which firms learn about new opportunities depends on their
participation in networks.

March (1991) makes the useful distinction between explorative and exploitative
network ties, based on a discussion of different ways of organizational learning.
Explorative ties are about experimentation with new alternatives, with uncertain
returns. Exploitative ties relate to the refinement and extension of existing
competencies, technologies and paradigms, and generate predictable returns. March
argues that adaptation requires both exploitation and exploration to achieve persistent
success. Gupta et al. (2006) argue that there are two different possible balancing
mechanisms: ambidexterity, which refers to the synchronous pursuit of both
exploration and exploitation via loosely coupled and differentiated subunits or
individuals, each of which specializes in either exploration or exploitation, and
punctuated equilibrium, which refers to alternating cycles of exploration and
exploitation. Gupta et al. (2006) conclude that either ambidexterity or punctuated
equilibrium may serve as the more appropriate balancing mechanism between
exploration and exploitation, depending on the context. Both approaches are viable in
open innovation networks. Vanhaverbeke (2006) and Simard and West (2006), in
their discussion on open innovation and networks, build further on this when they
distinguish “deep ties” that enable a firm to capitalize on existing knowledge and
resources and “wide ties” that enable a company to find new technologies and
markets. Deep network ties are associated with geographical proximity. These are
usually networks based on trust because of long relationships. They are important for
innovation potential but usually limited to incremental innovation. Wide network ties
give access to a wider variety of knowledge, making it possible to access new
opportunities and resources and to stimulate creativity and innovation leading to more
radical innovation. Open innovation benefits from building ties that are wide and deep
and from finding the right balance between these ties (Simard and West, 2006).

Powell et al. (1996) make another useful distinction in types of networks, between
formal and informal network ties. Formal ties refer to knowledge exchange between
organizations based on contracts or other formal agreements and are associated with
sharing explicit knowledge. Informal ties are often based on personal relationships at
different levels in organizations and are associated with sharing implicit knowledge.
Formal ties, such as alliances, research consortia and licensing agreements and
informal ties often go hand in hand: formal relationships may emerge from informal
arrangements, and “beneath most formal ties, lies a sea of informal relations” (Powell
etal., 1996, p. 120). Open innovation strategies benefit from both formal and informal
ties for effective transfer of knowledge in collaboration (Simard and West, 2006).
Formal ties can be part of an explicit, planned open innovation strategy. Informal ties
give opportunities for unplanned, spontaneous knowledge sharing but require special
attention for abilities to capture external innovation by tacit knowledge sharing.

Strategies to stimulate open innovation often include facilitating networks e.g. by
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organizing events and supporting network organizations. However, in order to benefit
from such networks in a structural way, firms need to strengthen their network
capabilities. Building further on Penrose (1959), who identified knowledge and
learning processes as a factor in determining the growth of the firm, Teece et al.
(1997) introduces “dynamic capabilities”, also defined as “the firm’s capacity to sense
and seize opportunities to reconfigure its knowledge assets and competencies” (Teece,
1998, p. 64), as a source of sustained competitive advantage. Eisenhardt and Martin
(2000), building on the work of Teece, argue that dynamic capabilities reflect an
organization’s ability to innovate e.g. via knowledge brokering and alliancing and that
dynamic capabilities are closely tied and build upon “absorptive capacity” (Cohen and
Levinthal, 1990), the concept which we introduced already as the ability to identify,
assimilate and exploit knowledge from the environment. Individuals in the network,
so-called “gatekeepers” or “boundary spanners”, play an important role in building
and maintaining these dynamic capabilities (Fleming and Waguespack, 2007).
Dynamic capabilities partly reside in knowledge networks resulting in what has been
called “dynamic knowledge capabilities” (Dawson, 2000) of firms and their networks,
which are a prerequisite for open innovation strategies. The capabilities based
literature (Dosi et al., 2000; Helfat et al., 2007; Teece, 2000; Teece et al., 1996, 1997,
Zander and Kogut, 1995;) focuses mostly on strategies to transform companies to
become knowledge-based companies, but as observed by Chatzkel (2004), “efforts to
develop knowledge-based companies and knowledge regions need to be co-joint and
co-equal if a region is to become a true knowledge region over time” (Chatzkel 2004,
p- 61). In order to become knowledge-based companies, companies need to tap into
geographically based knowledge networks and contribute to them. Local and global
networks need to be connected as well (Malecki, 2011; OECD, 2008).

Empirical evidence confirms that firms implementing open innovation need a number
of networking capabilities. E.g., Huston and Sakkab (2006) describe the different
types of networks at the heart of a Procter & Gamble’s model of open innovation.
Perkmann and Walsh (2007) describe innovation networks with universities and
research Institutions, EmdenGrand et al. (2006) describe innovation networks with
suppliers and Von Hippel (2005) and Simard and West (2006) describe innovation
networks with users and customers. As predicted, not just formal networks at firm-
level but also informal interpersonal networks allow firms to access important
external innovation sources, e.g. the social networks of R&D managers with
scientists. Fichter (2009) reports on the role of networks of promotors in the
interaction in ‘innovation communities’. He distinguishes different promotor roles,
each focusing on different barriers in the innovation process: expert promotor
(contributing through expert knowledge), power promotor (contributing through
hierarchical power), relationship promotor (encouraging innovation by means of
innovation-related business relationships inside the organization and with external
partners) and process promotor (arbitrating between the technical and the economic
world through organizational knowledge) and also points at interlinking organizations
that enable other actors to innovate. Each of these promotor roles requires distinct
networking capabilities. Lee et al. (2010) point at the evidence that firms involved in
multiple types of ties are more innovative than those which only utilise one type of
tie. They show the need for innovation networking capabilities in open innovation in
SMESs and emphasize the role of intermediaries in supporting SMEs’ ability to make
collaboration networks and the importance of networking between big companies and
SMEs, to make use of the capacity of big companies to manage the whole innovation
process and the flexibility of small companies in accelerating innovation.

So, theoretical research and empirical evidence confirms that benefiting from open
innovation requires internal and external networking and that the network capabilities
required, reflect the need to balance open and closed innovation. However, a
systematic approach to develop a complete framework of networking capabilities is
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still lacking. An early attempt to develop such a framework is the three core processes
archetype model developed by Gassmann and Enkel (2004), consisting of three
capabilities needed for the different core processes in order to successfully approach
open innovation: absorptive capacity, multiplicative capacity and relational capacity.
Gassmann and Enkel refer to their model as ‘first steps towards a framework for open
innovation’ and acknowledge the need for further research to develop a more
complete framework. Lichtenthaler and Lichtenthaler (2009) and Lichtenthaler
(2011), building further on the work of Gassmann and Enkel and also drawing on the
work of Helfat et al. (2007), developed a capability-based framework for open
innovation based on six knowledge capacities, that actually represent three
fundamental tensions: inventive capacity (internal) vs absorptive capacity (external);
transformative capacity (internal) vs. connective capacity (external); innovative
capacity (internal) vs. desorptive capacity (external). Lichtenthaler’s framework does
consider the dynamic interaction of internal and external knowledge in open
innovation processes. However, it mainly deals with the acquisition and assimilation
of knowledge and does not specify what capabilities are required for a company to
benefit from open innovation in term of outcomes such as effects on products and
processes. Robertson et al. (2012) take Lichtenthaler’s work one step further by
explicitly discussing the capacities needed in knowledge application. They develop a
framework of ‘Innovative Capacities’ consisting of ‘accessive capacity’ (similar to
absorptive capacity), ‘adaptive capacity’ (related to putting new knowledge to use)
and ‘integrative’ capacity, which is directed by ‘innovative management capacity’.
However, Robertson et al. acknowledge the limitations of their framework and point
at the need for further research to unpack their categories into more fine-grained sets
of underlying capabilities and to come to a better understanding of how the
capabilities interact. Den Hertog et al. (2010) developed, based on a theoretical
discussion, a framework of six dynamic innovation capabilities specifically for the
service industry. However, they link only two of these dynamic capabilities to open
innovation: ‘conceptualizing capability’ (capability to think out of the box by
multidisciplinary teams within the firm) and ‘co-producing and orchestrating
capability’ (capability to manage service innovation across the boundaries of the
individual firm). Later in this section, it will be shown how these capabilities fit into a
comprehensive framework of open innovation networking capabilities. Cheng and
Chen (2013) also made an effort to link dynamic innovation capabilities to open
innovation activities. However, networking capabilities are not included in the items
they use to measure dynamic innovation capabilities, which underline the lack of an
innovation capabilities framework rooted in theory.

So, despite the extensive research on networking capabilities and open innovation, the
insight in networking capabilities required for open innovation is still not complete
and there is the need for a framework rooted in theory. Mortara and Minshall (2011),
in their research of implementation of open innovation, point at the importance of the
development of appropriate culture and skills to enable the operation of an Open
Innovation strategy. We argue that in order to develop such a framework findings on
networking capabilities and open innovation have to be connected to theories on
innovation that start from a cultural perspective (Prud’homme van Reine and
Dankbaar, 2009, 2011; Schein, 2003; Trompenaars and Prud’homme, 2004;
Trompenaars, 2007). In the following section we will make this connection between
open innovation networking capabilities and the fundamental innovation dilemmas,
which have been identified as a comprehensive set to characterize innovation cultures
by Trompenaars (2007) and Prud’homme van Reine and Dankbaar (2009, 2011).

In the dilemma approach, cultures are not assessed as a fixed set of value orientations,
but by how they pursue paradoxical criteria simultaneously. This approach builds
further on the work of corporate culture researchers Schein (1985), who pointed at the
paradox of culture as a way of making things predictable versus culture as by its very
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nature learning oriented and innovative and Cameron and Quinn (1999), who see
organisational culture as a continuous process of finding a balance between
competing values. In the dilemma approach of organizational culture (Hampden-
Turner and Trompenaars, 2000; Trompenaars and Prud’homme, 2004), the patterns of
meaning of corporate culture are described by the pattern of connections between
different value orientations-such as global standardisation versus local adaptation,
people orientation versus achievement orientation, quick decision-making versus
consensus seeking, focus on co-operation versus focus on competition. Companies
can work to improve their ability to reconcile such values, for instance by learning to
co-operate in innovation networks in order to become a more competitive innovative
company. Several authors have translated traditional dilemmas facing organizations to
innovation dilemmas that need to be resolved for innovation to be achieved
(Heidenreich et al., 2010; Prud’homme van Reine & Dankbaar, 2011; Prud’homme
van Reine and Dankbaar, 2009; Trompenaars and Hampden-Turner, 2010). In this
article, we will use the comprehensive set of 9 innovation culture dilemmas identified
by Prud’homme van Reine and Dankbaar (2009), by translating the 9 fundamental
organisation culture dilemmas (Hampden-Turner and Trompenaars, 2000;
Trompenaars and Prud’homme, 2004) to dilemmas in creating cultures of innovation
(Dougherty, 1996; Flynn et al., 2003; Takeuchi et al., 2008). The nine innovation
culture dilemmas are:

1. Strong identification with the own culture versus openness for cultural
diversity

. Big (with ample resources to invest in innovation) versus small and agile

Applied innovation versus fundamental research

Process orientation versus room for creativity and entrepreneurship

Incremental innovation versus radical innovation

Technology push versus market pull

Egalitarian versus hierarchical approaches in leadership of innovation

Stimulating individual performance versus cooperation and knowledge

sharing in teams

9. Short term focus versus long term view in innovation

%N L W

Developing a culture of innovation is according to this model a matter of connecting
both sides of each innovation dilemma by finding a dynamic balance. The connection
with networking capabilities for open innovation as discussed in the above is that
these can be seen as fundamental tensions which can also be described as dilemmas:
balancing formal and informal networks (Powell et al., 1996), balancing deep and
wide networks (Simard and West, 2006), balancing explorative and exploitative
network ties (Gupta, 2006), balancing internal and external networks (Lichtenthaler
and Lichtenthaler, 2009; Lichtenthaler, 2011), balancing global and local networks
(Malecki, 2011), balancing networking between big and small companies (Lee et al.,
2010), balancing internal technology/product/service oriented innovation networks
and user/customer innovation networks (Simard and West, 2006; von Hippel, 2005)
etc. The required networking capabilities for open innovation can be categorized as
follows by framing them in line with the 9 innovation dilemmas mentioned above:

Capability to connect global and local networks

One of the main challenges of open innovation is how companies can benefit from
connecting to and participating in global innovation networks. The willingness to
consider foreign operations as significant sources of innovation has increased. The
foreign share of R&D sites increased from 45% in 1975 to 66% in 2004 (Doz et al.,
2006). Companies do more of their R&D away from headquarters and in their
location decisions for R&D activities, obtaining rapid access to local centres of
knowledge across the world by open innovation plays a major role, e.g. benefiting
from spill-overs from other R&D units, access to trained personnel, links with
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universities or government institutions and the existence of an appropriate
infrastructure for specific kinds of research (OECD, 2008; Malecki, 2011). The
capability to connect global and local networks is therefore crucial in order to benefit
from open innovation.

Capability to network between big and small companies

Historically, big companies have been dominant in research and innovation. However,
innovation is increasingly being done in small and midsize entrepreneurial companies.
Between 1981-2001, the share of small/midsize firms in total R&D increased from
4.4% to 24.7%, while the share of large firms (>25000 employees) decreased from
70% to 39.4% in the same period (Chesbrough, 2003). As shown by Christensen et al.
(2005), the interplay between technology entrepreneurs and incumbents can be quite
complex and may make that open innovation has to be conducted under conditions of
high transaction costs. Co-producing and orchestrating managing service innovation
across the boundaries of the individual firm and managing and engaging in networks
is a key dynamic capability for being able to put a new service concept or
configuration on the market. Therefore, in line with findings of Lee et al. (2010), one
of the capabilities required to benefit from open innovation is networking between big
and small companies.

Capability to connect innovation networks to networks in fundamental research.

The term ‘knowledge paradox’ refers to regions where high investment in good
quality fundamental research results in insufficient innovative products/services and
economic returns. It is closely related to the need to balance explorative and
exploitative network ties (Gupta, 2006). The knowledge paradox exists e.g. in The
Netherlands (Boekema et al., 2000). Despite attempts to enable knowledge transfer
from universities and research institutes to companies by shaping ‘entrepreneurial
researchers’ (Kooij, 2014) and attention for the role of ‘gatekeepers’ (Gemiinden et
al., 2007), the knowledge paradox still exists. This can be seen as a weak connection
between ‘inventive capacity’ and ‘absorptive capacity’ (Lichtenthaler and
Lichtenthaler, 2009). One of the capabilities required to benefit from open innovation
is connecting innovation networks to networks in fundamental research.

Capability to connect formal and informal networks

The need to balance formal and informal networks in collaborative innovation, shown
by Powell et al. (1996), holds for open innovation as well. Open innovation strategies
often entail formal alliances, license contracts and formal consortium agreements to
address competitive issues. The informal component is often forgotten: how
professionals involved in open innovation can generate new knowledge, build trust,
broker solutions and deal with low reciprocal commitment in open innovation
cooperation (du Chatenier et al., 2010). In service innovation, informal networks suit
the launch of an innovative service in an experimental setting, but creating a
consistent set of service experiences or service solutions (‘Scaling and stretching’-
Den Hertog et al., 2010) requires a more formal approach. The capability to connect
formal and informal networks is therefore another requirement to benefit from open
innovation.

Capability to connect deep and wide network ties.

Radical innovation often requires open innovation with partners in adjacent industries
so that cross-fertilization can take place. Lee et al. (2010) suggest a network model
for open innovation in which intermediaries are used that help companies establish
cross-functional collaborative networks. These intermediates can take the role of
‘boundary spanners’ who have the capability to connect deep and wide network ties.
Similarly, Den Hertog et al. (2010) discern in service innovation ‘recombinative
innovation’, which requires what they call ‘bundling capability’. The capability to
connect deep and wide network ties is another requirement to benefit from open
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innovation.
Capability to connect to customer and lead-user innovator networks.

Von Hippel (2005) and Von Hippel and Thomke (2002) have pointed at networks
with lead-users and customer innovators as a way to create value in open innovation
e.g. by using knowledge brokers who are able to signal user needs and connect these
to technological options. The capability to connect to customer innovators and lead-
user innovation networks is another capability required to benefit from open
innovation. It is related to ‘innovative capacity’ in the capabilities model of
Lichtenthaler and Lichtenthaler (2009), which is associated with matching inventions
with the context of their final market.

Capability to connect to regional innovation networks.

Connecting to regional open innovation networks, e.g. by participating in the
governance of the regional innovation system in a triple helix between knowledge
institutes, business and regional government (Etzkowitz and Leydesdorff, 2000),
results in companies and regions capturing value of external transfer in open
innovation. It requires striking a balance between top-down ways of managing
innovation and a more co-operative culture, interactive learning and consensus
approach at the regional level. This requires the capability to connect to regional open
innovation networks.

Capability to connect inter-functional company networks.

Paradoxically, open innovation requires internal networking capabilities as well. If a
company has opened up the flow of knowledge and ideas to and from other
companies, internal boundaries may still limit the benefit of open innovation. This
apparent contradiction was observed in companies such as Philips and DSM
(Hacievliyagil, 2007). This capability is related to the need to connect internal
transformative capacity and external connective capacity in the capabilities model of
Lichtenthaler and Lichtenthaler (2009), reflecting the need for knowledge retention in
internal and external networks and using the knowledge for innovation activities.
Open innovation requires that ideas of every individual need to be used, not just ideas
from the R&D department: “a good idea does not care who has it” (Flynn et al., 2003,
p. 425). This capability is similar to what den Hertog et al. (2010), in relation to
innovation in the services industry, call ‘conceptualizing capability’: capability to
think out of the box by multidisciplinary teams within the firm. Employees who are
traditionally not involved in the innovation process may not be motivated to
participate in organizational innovation communities (Wendelken et al., 2014).
Benefiting from open innovation therefore requires networking capabilities to connect
creative, entrepreneurial, technology, R&D, business and managerial staff, surpassing
hierarchical and functional boundaries.

Capability to connect to societal networks

One of the challenges of open innovation is to connect innovation aimed at short term
profit to innovation aimed at long term solutions for societal problems such as
transportation, energy, climate and health. This requires the capability to connect to
societal networks involved in these issues.

The framework of 9 innovation network capabilities developed in the above is rooted
in the dilemma approach to understand organizational cultures and incorporates the
main findings of prior research on networking capabilities for (open) innovation.
Based on the theoretical discussion in this section, we expect that the framework can
be used to evaluate to what extent a company has developed a set of innovation
networking capabilities or an ‘innovation networking culture’ conducive to benefiting
from open innovation.

As argued in the previous section, technology companies with a strong history in
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R&D and in external networking are likely to be in an advantageous position to
benefit from open innovation because they developed networking capabilities and a
‘networking culture’ because of their previous experience in innovation networks. In
the following sections of the paper, we report exploratory research to get insights into
the applicability of the framework: a comparative study of the extent that companies
in the technology industry and companies in the knowledge intensive business
services sector are equipped to benefit from open innovation.

3. Research method

The aim of the empirical research was to get insight into the applicability of the
networking capabilities framework by comparing two regions dominated by different
industries: the technology sector and the knowledge intensive business service sector.
These regions are likely to have different innovation patterns (Pavitt, 1984, 1994) and
networking cultures. The framework developed in section 2 was used to evaluate to
what extent companies are equipped to benefit from open innovation, as a first step to
further validating the framework. Empirical research was conducted in the following
regions:

* One region in which the economy is dominated by technology oriented
companies: Southeast Netherlands (the region around the city of Eindhoven,
also dubbed the ‘Brainport region’)

* One region in which the economy is dominated by knowledge intensive
business services (KIBS) companies: the Utrecht region (the region around
the city of Utrecht, also in The Netherlands).

It was decided to study companies in two regions with specialized clusters because
this allows for studying the interaction between companies and other actors in the
regional innovation systems such as innovation support intermediaries, regional
government agencies and knowledge institutes. Studying open innovation in a setting
that allows for studying interaction between different actors has many advantages for
studying dynamic open innovation processes, as shown e.g. by Ollila and Elmquist
(2011), who studied open innovation in an ‘open innovation arena’, Belussi et al.
(2010), who studied open innovation processes within one region, and T6dtling et al.
(2011), who studied the interaction between companies and regional actors in open
innovation processes in different European regions.

The Brainport region and the Utrecht region were selected for this research because
these regions have on the one hand a very different sectoral specialization (technology
industry in Brainport versus KIBS in Utrecht), while on the other hand they are very
similar in other aspects:

¢ They are both regions around a medium-sized main city: Eindhoven, the
main city in the Brainport region is the 5th biggest city in The Netherlands;
the city of Utrecht, centrally located in the Utrecht province, is the 4th
biggest city in The Netherlands.

¢ They are both home to major universities which play an important role in the
regional innovation system.

¢ They are both known as innovative regions.

¢ They are regions in the same country (The Netherlands), so that national
cultural differences and differences in national innovation policies do not
play a role in the comparison.

The region of Southeast Netherlands positions itself as “Brainport”. The regional
economy is dominated by technology oriented companies such as Philips, DSM,
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ASML and FEI. The region has two major universities: the University of Technology
in Eindhoven and the University of Maastricht. The region has embraced the concept
of open innovation and is described by the regional development agency as “an open
innovation ecosystem”. The region has a dynamic mix of innovative global
companies, SME businesses, techno start-ups and research institutes, which
collaborate in an open environment, e.g. on the two open innovation campuses in the
region, the High Tech Campus in Eindhoven (focus on High Tech Systems) and the
Chemelot campus near Maastricht (focus on Life Sciences and High performance
materials). Key companies in the region are Philips and DSM, which are both often
mentioned as pioneers in open innovation: Philips (van der Meer, 2007), which
transformed itself from an electronics company to a high-tech systems company over
the past decades and DSM (Kirschbaum, 2005), which has been transformed into a
life sciences and materials technology company. Both companies have a long
tradition in investing on own R&D and patents, which is proudly described in books
sponsored by Philips (de Vries, 2005) and DSM (van Rooy, 2007) itself. In fact,
Philips took the initiative for the development of the High Tech Campus in Eindhoven
by transforming its gated Research Lab into an Open Innovation Campus in 1999.
This was an important step in a culture change to a more collaborative innovation
culture. Similarly, DSM has made its R&D labs the centre of an open innovation
campus on the integrated industrial site Chemelot. This was an important step in
changing its innovation culture from strongly relying on in-house technological
strengths to a more open innovation attitude as well.

The Utrecht region has a central location in The Netherlands, a highly educated
workforce and was among the top ten innovative regions according to the EU
Regional Competitiveness Index 2013. It positions itself as a ‘Knowledge region’: “a
region of knowledge, culture and sustainable development”. The regional economy is
dominated by the knowledge intensive business service sector such as advisory
services, ICT-services, financial services, legal services and engineering services. The
biggest company in the region is the regionally rooted banking and financial services
company Rabobank, which is organized as a cooperative. The biggest university of
The Netherlands (University of Utrecht) and several other leading knowledge
institutes are based in the region as well. The Utrecht Science Park, home to
knowledge-intensive companies and institutions, is located on the University campus
in the centre of the region. The Utrecht Science Park was established in 2011. Its
primary aim is to attract companies and university spinoffs that provide a powerful
impulse for innovation. The region comprises of several networking organisations to
stimulate innovation such as the Utrecht Development Board, the Economic Board
Utrecht, the Task Force Innovation (TFI) and the Utrecht Entrepreneurship Academy.

The research in the Brainport and the Utrecht regions can be considered as
exploratory research, since it is aimed at getting more insight into the applicability of
the innovation networking capabilities framework by comparing two regional cases of
open innovation. It concerns investigation of interaction in networks and cultural
phenomena. Exploratory research, social interaction, cultural phenomena and a case
study approach are all associated with qualitative research approaches (Bryman and
Bell, 2007; Punnett and Shenkar, 2004). Following Mortara and Minshall (2011), who
argue, based on their own research of open innovation implementation, that studies
with qualitative approaches are most likely to reveal the dynamics of Open Innovation
adoption, we have chosen for a qualitative approach, drawing data from a
combination of written sources/ documents, interviews, and observations.

Our empirical investigation of open innovation in two regions is a qualitative multiple
case study, based on Yin’s approach (Yin, 2003). Bansal and Corley (2011)
emphasize that qualitative research can accommodate different paradigms and
different styles of research and research reporting, but that this should not go at the
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expense of theoretical contribution and methodological rigor. In order to ensure
methodological rigor, we conducted the case study according to the definition of
qualitative field research by Polgar and Thomas (1995, p. 109): as a disciplined
inquiry examining the meaning that actors attach to experiences and actions in the
context of their social environment and cultural situation, in which ‘disciplined’ refers
to methodological principles for theory formulation, problem definition, data
collection and analysis guiding the inquiry. The data collection followed the concept
of triangulation (Bryman and Bell 2007, p. 291; Punnett and Shenkar, 2004, p. 50).
Multiple sources of evidence were used and the research issue was analysed from
different perspectives to acquire more reliable results. The methods used were
participant observation, document analysis and semi-structured interviewing. Using
participant observation, semi-structured key informant interviews and other
qualitative methods has strong roots in the study of cultural phenomena in
organisations (Bryman and Bell, 2007, p. 13; Sackmann, 1997). It enables the
collection of rich and varied material. For the semi-structured interviews, highly
knowledgeable key informants were selected (Eisenhardt and Graebner, 2007), who
had a good overview of the innovation processes and networking activities in the
regions and were able to view these processes from diverse perspectives.

The data collection process in both regions consisted of three steps:

¢ The first step was to collect information and data from publicly available
sources such as company websites, newspaper articles, company reports, etc.

* The second step was participant observation at events such as conferences
and seminars on innovation policies and practices in the regions. In total 9
such events were attended. Data were systematically collected in the form of
field notes. The researcher participated e.g. by acting as one of the presenters
during a 1-day seminar, as a member of a working group at a work
conference, by active participation in discussions and by participating in
social gatherings at these events.

¢ The third step was carried out in parallel to step 2: interviews with key
informants at companies, regional government departments, innovation
support agencies and knowledge institutes involved in the innovation
systems. These informants were identified in the document analysis phase
and during participation in events as key players in innovation activities in
their company or organization and in the region. Interviewees at companies
were typically board members or managers with responsibility for
innovation, business development and/or regional activities. Interviewees at
(semi-) government agencies and knowledge institutes were typically
department heads and project leaders involved in developing innovation
policies or in innovation (support) projects. Data were collected using a
semi-structured interview guide with open-ended questions. The focus in
these interviews on was how people engage in open innovation, how they
collaborate in practice, how they deal with openness and how they perceive
the collaboration with innovation partners. Each of the 9 network capabilities
was addressed in the interviews, either because the issue came up in answers
on the open-ended questions, or by asking explicit questions per network
capability towards the end of the interview. A total of 50 interviews have
been conducted.

Summarizing, the data collection consisted in both regions of:
¢ Extensive documentation study of companies and other actors in the regional
innovation systems of both regions: company documents, regional economic

development and innovation policy documents, open sources (newspapers,
business publications, academic articles and books, websites). The
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documentation study was used to describe the regional economic context, to
identify suitable companies and regional organizations for the research, and
to identify key players for the interviews in phase 3.

¢ Participant observation at 9 conferences and seminars on innovation policies
and practices in total:
+ In the Brainport region, the researcher participated in the following 5
events:
= Interregional Innovation Workshop in Eindhoven
= Colloquium ‘Top economy, smart society’ at the Chemelot
Open Innovation Campus
= Brainport 2020 ‘Top economy, smart society’ programme
meeting in Eindhoven
= Conference on Open Innovation held at the Chemelot
Open Innovation Campus
= Open Friday afternoon innovation lecture at the High Tech
Campus Eindhoven

« In the Utrecht region, the researcher participated in the following 4
events:
= ‘Get connected’ meeting ‘The learning economy’, organized by
the Utrecht Economic Board
= SURE (Sustainable Innovation in the Utrecht Region) event
=  Working conference ‘City agenda Knowledge and Culture’
= Utrecht Development Board conference

¢ Semi-structured interviews with key informants at companies, knowledge
institutes and (semi-) government agencies supporting the innovation system.
+«+ In the Brainport region, 28 interviews were conducted:
= Technology companies (in total 14 interviews at technology
companies out of which 4 SMEs): High Tech Systems (8), Life
Sciences (6).
=  Knowledge institutes (in total 7 interviews): Universities and
College of Higher Education (3), Technological Research
Institutes (4)
= Regional government and regional organization/agencies
supporting the innovation system (in total 7 interviews):
Eindhoven City economic policy department and regional
development agencies (3); Regional entrepreneurship support
agencies (2); Open Innovation Campus management (2)

R/

« In the Utrecht region, 22 interviews were conducted:

= KIBS Companies (in total 11 interviews at KIBS companies,
out of which 3 SMEs): Financial services (3); Management
Consultancy services (4); ICT services (2); Engineering &
design services (2).

= Knowledge institutes (in total 5 interviews): University and
College of higher education (3), Research Institutes/Science
Park (2)
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= Regional government and regional organization/agencies
supporting the innovation system: (in total 6 interviews):
Utrecht City and Utrecht Province economic/innovation policy
departments (2); Regional entrepreneurship support agencies
(2); Regional economic/ innovation support agencies (2)

The framework of innovation network capabilities developed in section 2 was used as
a conceptual framework for the analysis of the interviews, which allowed for axial
coding of the transcripts (Strauss and Corbin, 1998), using the 9 network capabilities
as an organising device. The data collected during the document analysis and
participant observation were also categorized according to the framework of
networking capabilities. This resulted in a case study database of research outcomes
(excerpts from interviews, observation data, information from document analysis) for
each innovation networking capability. The database was then analysed per company
and per networking capability for evidence to assess each networking capability.
Based on this analysis, the different network capabilities were rated as ‘high’,
‘intermediate’ or ‘low’. After completing the analysis, the average per region/sector
was determined. In the presentation of the results in the next section, citations from
interviews, results of document analysis and observations are used to illustrate the
interpretation of the empirical material.

4. Results

In the following section, the results are presented for each of the 9 networking
capabilities discussed in section 2, both for the Brainport region (Southeast
Netherlands) and the Utrecht region.

Capability to connect global and local networks

Brainport region:

From the document analysis it was derived that the capability to connect culturally
diverse networks and a regional culture conducive to open innovation, started already
when “immigrants” came to this (at the time) peripheral re%ion in The Netherlands
because of the founding of Philips in Eindhoven (end 19" century) and its rapid
growth in the early 20" century. This “opening-up” of the region resulted in openness
for diversity. Lead companies in the region Philips and DSM have a history of
creation and sharing of knowledge and ideas in networks. Philips, for instance, started
an alliance with its competitor Sony in 1979 to further develop the innovations that
resulted in the CD. Moreover, Philips participated already in international research
consortia, sharing ideas and knowledge with universities, competitors such as GE and
suppliers such as Corning in the mid-1980s. Philips also cooperated with European
competitors by participating in European technology projects such as Eureka,
launched in 1985 (Eureka, 2006).

In a later stage, Philips and its high tech spin-offs and spin-outs such as ASML
(semiconductor manufacturing equipment) attracted knowledge  workers,
entrepreneurs and managers from all parts of the world to the region. This has resulted
in a mix of a traditional local culture characterized by informality, community feeling,
inclination to networking and cooperation and a “modern” international, business and
engineering oriented culture. We observed that most innovation networking meetings
were conducted in English, while informal conversations were mostly in Dutch and
the atmosphere at the events radiated the regional “gemoedelijkheid” (sociability and
informality). Large companies in the technology sector such as Philips, ASML, FEI
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and DSM, are part of a global open innovation system, but at the same time strongly
rooted in the local environment. An interviewee of an SME in the region: “as a
supplier of one of the globalized companies based in the region, we got involved in
the regional innovation network. They helped us with their existing contacts to get
access to global innovation networks as well. We would not have had the resources to
do that on our own”. The capability to connect global and local networks in
innovation is evaluated as high.

Utrecht region

Although several of the major business service companies in the region are
subsidiaries of international companies, the international orientation in innovation
turns out to be surprisingly low. An interviewee: “Utrecht is the biggest village in The
Netherlands. We do not have any companies that were founded in the region and grew
into international companies”. Innovation tends to be “local-for-local”, with relatively
few connections to global networks. An interviewee from a financial services
company: “even in the rural areas in the east of The Netherlands, companies are more
internationally oriented than here in Utrecht, at least they are close to the German
border and find customers and partners across the border”. Moreover, although the
regional university and knowledge institutes have strong global networks, companies
in the business services sector hardly capitalize on these networks. One interviewee
from a consultancy company: “we should embrace entrepreneurial talent from abroad,
the PhD’s from China and India”. Technology-based KIBS companies are the
exception here. An interviewee about an engineering services company: ‘“Because of
their international client base, they play a role as knowledge intermediaries between
international and local”. However, on average the capability to connect global and
local networks in innovation in the Utrecht region is low.

Capability to network between big and small companies

Brainport region

The open innovation campuses in the region play a major role in networking between
big and small companies. Research and business facilities on these campuses are
shared between large companies, SMEs and start-ups, including spin-offs from lead
companies Philips and DSM. One SME owner/manager based on the high tech
campus Eindhoven: “it is very easy to get in touch with high level managers of large
companies when you are based here. One phone call or email is sufficient to arrange a
meeting and they are happy to share ideas and contacts”.

Large companies in the region actively contribute to the existence of a network of big
and small innovative companies in the region. E.g. Philips has used spin-in
acquisitions to get access to new technologies in health care and LED-lighting and
actively spins out technology that is no longer part of the core business such as
semiconductors (NXP), semiconductor manufacturing equipment (ASML) and
electron microscopes (FEI). These companies subsequently become part of the open
innovation ecosystem in a natural way, because of the existing personal contacts and
because these spinoffs ‘inherit’ the open innovation culture. An interviewee at one of
these spinoffs: ‘we have a different shareholder now, but the culture is still the same’.
Part of the open innovation strategy of Philips is to look for different paths of
technology and to create new companies from non-core activities via the Philips
Incubator, which supports start-ups with advice, business contacts and financing.
Similarly, DSM has established a ventures business, through, which it invests in
commercial products from small biotechnology and food ingredient companies,
regularly spins out innovative companies, licenses technology out and invests in
business accelerators. DSM supports, through its incubator initiative in cooperation
with the regional development agency, spin-offs on the Chemelot open innovation
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campus such as Isobionics, positioned as “a biotechnology company powered by
DSM”, and spin-offs from nearby University of Maastricht. Philips and DSM both
have venture investment business, which contribute to innovation networks between
big and small companies as well.

The risk of too much dominance of these large companies in the innovation networks
in the region has been recognized and addressed. An interviewee at one of the SMEs:
“The regional development company facilitates the formation of consortia and
platforms of SMEs in the technology sector and knowledge institutes in the region to
co-develop new products with large OEM’s, so that we benefit from the advantages of
being relatively small while also benefiting from being part of a larger network. The
knowledge institutes are usually in the lead in these consortia so that there is more of
a balance”.

The capability to network in innovation between big and small companies in the
Brainport region is evaluated as high.

Utrecht region

Large business services companies use small companies in the region mainly for
outsourcing activities and to maintain a flexible capacity, not for collaborative
innovation. However, there are some initiatives that contribute to the capability to
network in innovation between big and small companies. E.g. the leading regional
Rabobank has a Ventures department, which supports small entrepreneurial firms that
innovate in order to make the global food supply chain more sustainable. Other large
companies in financial services (pension funds, insurance companies and banks)
invest via regionally based growth capital firms in small entrepreneurial companies to
support innovative models in health care. Another initiative that facilitates innovation
networking between big and small companies is the Utrecht Entrepreneurship
Academy, a network organisation in which experienced managers from large
companies act as coaches for starting entrepreneurs. Still, these initiatives are not
sufficient to compensate for the lack of collaborative innovation between big and
small companies. An interviewee at a regional agency for stimulating
innovation/entrepreneurship: “what lacks in this region, is a large company that is
known as very innovative. Currently, the leading companies in the region such as
Rabobank are not seen that way. Innovation and entrepreneurship doesn’t have a
‘face’ in this region, there is no company or person representing a large company who
is seen as symbol for innovation”.

The capability to network between big and small companies in the Utrecht region is
evaluated as intermediate.

Capability to connect innovation networks to fundamental research.

Brainport region

There are many cohesive research programs in knowledge institutes in the region,
which are structured as public-private partnerships and are designed in line with the
ideas of open innovation. This involves collaborative R&D between companies and
academia, aligning with industry needs. One example is the Holst Research Centre at
the open innovation campus in Eindhoven, an open innovation initiative by the
research organizations Imec (Belgium) and TNO (The Netherlands) in the field of
technologies for flexible electronics, where research institutes and industrial partners,
including global companies and SMEs, collaborate in pre-competitive research
projects. Another example of a program on the campus where a range of different
companies and knowledge institutes share knowledge and cooperate in innovation
projects is the Centre for Translational Molecular Medicine. One more example of
open innovation with knowledge institutes is the Incubator3+ organization in which
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Philips partners with the University of Technology Eindhoven. It encourages a
regional culture of entrepreneurship by stimulating initiatives by providing pre-seed
and seed capital, supply of know-how, coaching and exchange of experience for
prospective entrepreneurs in the region. DSM is actively involved in open innovation
programs with knowledge institutes as well e.g. the Biomedical Materials research
program, the Chemical Open Innovation Centre and Dutch Polymer Institute, all
structured as public-private partnerships. The knowledge institutes in the region are
aware that they should not just target R&D staff of big companies but also technical
people involved in daily innovation activities and SMEs. An interviewee at one of the
institutes for higher education in the region: “We try to contribute to boosting
innovation by ‘educating the innovators’ e.g. the design of a program to educate the
actual builders of high tech systems and an educational program for systems
integrators” and: “We are establishing a High Tech Systems Centre at the university
next to more fundamental research groups, this will lead to a better match between
academic capabilities and industrial needs, thereby strengthening their innovation
capabilities”. The capability to connect innovation networks to fundamental research
in the Brainport region is evaluated as high.

Utrecht region

The interaction between business services companies and knowledge institutes in the
region is limited. Universities do little fundamental research to support innovation in
business services. One explanation for this limited interaction seems to be that there is
simply a lack of knowledge about business services at the academic side. One
interviewee from a consultancy company: “we are problem solvers. The focus of the
university in organizational science is still very much on fundamental research”. An
interviewee from another consultancy company emphasizes that proximity to the
university and other knowledge institutes is not significant for the company: “we are
independent of the local environment; we could decide to shift our offices to
Amsterdam at any moment”. Moreover, the role of gate-keepers as intermediates
between companies and knowledge institutes does not seem to be appreciated as
much as in the technology sector. An interviewee from a consultancy company: “if
we need specific knowledge, we hire a specialist with the required background”.
There is one promising recent initiative to involve the business services sector in open
innovation activities with knowledge institutes: the Utrecht Sustainable Finance Lab.
This is an initiative of banks based in the region (Rabobank, Triodos Bank) and
Utrecht University to develop innovative ways of financing sustainable development
and creating a sustainable finance sector. However, there is also criticism on this
initiative: “to some extent, it is about image building, not about innovation”.
Therefore, the capability to connect innovation networks to fundamental research in
the Utrecht region is evaluated as low.

Capability to connect formal and informal networks

Brainport region

The Brainport region is very much a region where people know each other; are
members of all kind of associations and networks, have frequent informal meetings,
and are willing to give and take and to do business based on trust. It was observed that
‘The Strip’ (a 400 m long building with restaurants, bars, shops, services such as a
fitness centre and a conference centre), at The High Tech Campus Eindhoven, serves
as an informal meeting place for people involved in innovation from different
companies and support organizations. It was also observed that innovation events in
the region always finish with an informal ‘borrel’ (drinks) or even an ‘after-party’ and
that people from big and small companies, regional government, innovation support
agencies and knowledge institutes stay for this informal part of the event. Many
people involved in the innovation system know each other already for years and see
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each other not just as colleagues, but as personal friends. Most technology companies
were founded in the region and are still embedded in the region, even in the cases
where they have been acquired by companies from outside the region. This culture of
cooperation facilitates open innovation e.g. in the network of suppliers and business
partners. However, dealing with intellectual property rights (IP) in the open
innovation environment is getting more difficult, because the “trust based” regional
culture sometimes conflicts with a “contract based” business culture. An interviewee
from an SME: “Sometimes you think that you have an informal agreement, and then
the lawyers come in with extensive contracts, please sign here”. Top managers of
larger companies argue that formal agreements and detailed contracts are necessary,
even in open innovation, to remain in control of IP. Negotiations between companies
and universities about patent licenses also get more complicated because of increased
attention for knowledge valorisation at the university side. Still, the capability to
connect formal and informal networks in the Brainport region is evaluated as high.

Utrecht region

Business service companies in the Utrecht region are somewhat hesitant to practice
open innovation. An interviewee from a consultancy company: “Our services are
difficult to patent and the sector is characterized by a certain lack of trust”. The
‘product’ of business services companies is less tangible than in technology
companies, and often easy to copy. Although there are many informal networks the
tendency is to work ‘contract based’ because of the lack of trust. Although there is
often an informal part after innovation events in the Utrecht region as well, most
people from the company side leave after the formal meeting, while people from
support agencies, regional government and knowledge institutes tend to stay longer.
An interviewee from a financial services company: “Business leaders do not see each
other very frequently in this region”. In general, people are less closely connected to
the region in comparison with the Brainport region. An interviewee: “The main
reason to be based in the Utrecht region is not to be part of a cluster, but to be in a
central location with good road and rail connections”. Indeed most offices of KIBS
companies in the region are located at the edge of the city of Utrecht, near the
highway. An exception is Rabobank which has its head office right in the centre of
the city near the train station. Quality of life in the city is seen as high, so that it is
relatively easy to attract talented people. However, companies are too dispersed and
there are no informal meeting places where innovation networking takes place. It is
the ambition of the Science Park, located on the grounds of the University on the
outskirts of the city of Utrecht, to fulfil the role of “match between innovative
knowledge and business”, “in an inspiring environment”, but it is not (yet) seen that
way. One promising development in the region is that knowledge institutes have
started to stimulate business services companies to cooperate in open innovation
projects. Still, the capability to connect formal and informal networks in the Utrecht
region is evaluated as low.

Capability to connect deep and wide network ties

Brainport region

Technology companies in the region are involved in the development of several
innovation platforms, all based on cross-fertilization with partners in adjacent
industries:

Smart mobility platform: Interface of High Tech Systems, Automotive, ICT and
Design clusters

Medical Technology platform: Interface of High Tech Systems, Life Sciences,
Performance Materials and Design clusters

Food for Life platform: Interface of Food Technology and Life Sciences clusters
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Smart grids platform: Interface of High Tech Systems, Energy and ICT clusters

The interaction in these platforms has a self-perpetuating effect because participants
develop into ‘boundary spanners’ who feel comfortable in connecting deep networks
in their own sector with wide cross-sectoral networks. The capability to connect deep
and wide network ties in the Brainport region is evaluated as high.

Utrecht region

Cross-sector collaboration in the business services sector in the region is very limited.
Although there is willingness to explore new business service propositions together
with partners, perceived difficulties in co-exploiting new services, lack of capabilities
to coordinate co-development and lack of willingness to invest in learning from each
other lead to a lack of a real open business services innovation system. The exception
is cross-sector innovation with ICT companies, because ICT is seen more as an
enabling technology in services. An interviewee: “Business services in all fields are
represented on this office park: strategic consulting, HR-services, ICT, legal, you
name it. And it is very strategically located near the University Science Park. But it
seems that the only reason that we are based close to each other is that the location is
so convenient. We could do much more together”. An interviewee from a finance
company: “There is a lot of hidden innovation power in the region”. An interviewee
from a consultancy company: ‘We act as a source of state-of-the art knowledge but
most of what we do is transferring best practices, we do not really act as a source of
innovation. We facilitate innovation, but the customer implements the innovation”.
KIBS companies act to some extent also as a carrier of innovation from one company
in the region to the other but “we are more knowledge brokers than bridgers”. The
capability to connect deep and wide networks in the Utrecht region is evaluated as
low.

Capability to connect to customer-innovator and lead-user innovator networks.

Brainport region

Companies in the region are traditionally very technology-oriented but the need to
connect to a more customer-focused culture is strongly felt. One of the initiatives to
connect to customer and lead-user innovator networks is the Creative Conversion
Factory on the open innovation campus in Eindhoven. It acts as a knowledge broker,
encouraging attention for design and cooperation with the creative industry. One of
the criteria in the evaluation of patentable creative and technological innovations as a
potential project is the extent to, which, it enables participating organizations to
achieve synergies and improve their capabilities. Another initiative is called
“Experiencelab”: “we let people experience a new innovative concept in a very early
stage of development to discover the practical, social and psychological implications
of differentiating technologies-it means more innovation with the final customer”.
The growing importance of design has influence as well: “The growing attention for
design leads to a different approach to innovation. It results in more cooperation with
the creative industry and more attention for what customers want”.

For some companies in the region, innovation networking is already inherent in their
business model. The supply chain of semiconductor manufacturing equipment, an
important business in the region, is an open innovation ecosystem in which suppliers,
intermediate customers (equipment builder ASML) and final customers (buyers of the
equipment-based outside the region) closely cooperate.

Still, not all companies have completed the transformation from technology to more
customer and user orientation. The capability to connect to customer and lead-user
innovator networks in the Brainport region is evaluated as intermediate.

Utrecht region
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The emphasis put on the business service industry is on customized, client specific
solutions. Although this is done in cooperation with the customer, the way of working
doesn’t match the definition of open innovation because the inflows and outflows of
knowledge result in one-off solutions, not into building permanent innovation
networks. An interviewee: “A lot of our work is relatively routine; based on
professional, financial and business expertise and repeated business with clients-we
keep on re-inventing the wheel”. This has been recognized in the region and business
services companies together with regional economic and innovation boards have
launched initiatives to establish more permanent innovation networks between
companies and customers. One of these is the Colab Services Innovation, a regional
platform for digital services innovation. Colab matches launching customers to
business services companies. It is a network of public and private partners and a ‘pilot
plant’ to co-develop new digitals services and share knowledge in continuously
changing combinations of business service companies, institutions and end users. The
objective of the Colab initiative is to work as a marketplace matching supply and
demand and as a learning organization connecting different domains. However, one
interviewee from the regional government remarks: “we could do more to direct
innovation towards targeting customers and sectors with a strong position in the
region, such as health care, education, life sciences, creative industry, sustainable
development, and other business services.

The ability to connect to customer and user innovator networks in the Utrecht region
is evaluated as intermediate.

Capability to connect to regional innovation networks.

Brainport region

The Brainport region established the ‘triple helix” model of intensive cooperation
between regional (semi) government agencies, business and knowledge institutes
already during the 1990s. Brainport is also the name of the regional development
organization, a close cooperation between companies, knowledge institutes and
regional authorities, with a board that represents these three parties. Brainport has
embraced the open innovation approach and its development program addresses
stimulating innovation (via knowledge creation, exchange, and transfer), developing
human capital via education and stimulating entrepreneurship, creating and
strengthening networks in business and international cooperation and improving the
‘soft’ and ‘hard’ infrastructure for open innovation. The Open Innovation Campus
campuses in the region were driven by companies such as Philips and DSM and
regional leaders in the Triple Helix of university-industry-government collaboration.
The main open innovation campuses in the region, the High Tech Campus Eindhoven
and the Chemelot campus have become new symbols for the region, because of their
visibility from the highway and the good fit with the Brainport “brand”. Interviewees
frequently mention the names of ‘visionary leaders’ of leading companies, regional
government and knowledge institutes who are credited for making the triple helix
work and making the open innovation campuses reality. The capability to connect to
regional innovation networks in the Brainport region is evaluated as high.

Utrecht region

Paradoxically, the economic success of the region over a long period of time has
caused the region to fall behind other regions in terms of involvement of companies in
the governance of innovation. Innovation policy initiatives in the region often
remained top-down or isolated initiatives. Moreover, the regional knowledge
institutes have been too dominant in the existing innovation networks. A KIBS
company interviewee: “Knowledge does not equal innovation”. However, other
interviewees believe that companies should take more initiative: “Companies in this
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region do not want to take leadership in innovation, they want to stay under the
radar”; “Maybe our business leaders are too modest”. Interviewees from the regional
government side also point at the different leadership style in business services
compared to the Brainport region: “the leadership style here is more transactional,
almost detached”. Recently, the region has established an economic board in an effort
to come to more joint efforts by government, knowledge institutes, industrial
companies and the services sector, e.g. by organizing “get connected” meetings with
collaborative innovation as the main theme. The economic board works closely
together with the Task Force Innovation (TFI), a network organization promoting
regional innovation. Unfortunately, the participation of business services companies
in these networks seems to be motivated to some extent by opportunities to acquire
business from (semi-) government institutes: “conversations at networking events
between regional government, support agencies and business services companies
often end up in sales pitches”. Moreover, the role of TFI is seen as limited: “Part of
TFI’s role is to initiate and encourage partnerships in innovation, however, it is a
temporary organization that will be discontinued after 4 years-the local government
doesn’t realize that changing the mindset takes more time”. An exception is the
creative industry, where the networking organization Immovator plays a regional role
towards promoting open innovation, e.g. in the Cross Media Innovation centre. The
Dutch Game Garden, based in Utrecht, is another example of promoting regional
innovation networks in the creative industry. It brings small companies in the gaming
industry, many of them active in ‘serious games’, together in one building as a kind of
‘small-scale open innovation campus’. The capability to connect to regional
innovation networks in the Utrecht region is evaluated as intermediate.

Capability to connect inter-functional company networks.

Brainport region

The open innovation campuses in the region play an important role into building
innovation communities and encourage interaction between ‘creative minds’,
craftsmen, engineers, scientists and entrepreneurs to turn ideas into profitable
business. Especially the high tech campus Eindhoven is a very open and attractive
environment. The meeting places within the campus encourage external networking,
but also inter-functional company networks. However, there are also some regional
factors that currently hamper open innovation. For instance, finding entrepreneurs
who combine technology insight, business insight, drive and willingness to take risk
turns out to be difficult, despite efforts of regional agencies and open innovation
campus management to seek and develop entrepreneurial talent. An interviewee at a
regional development company: ‘“there are more ideas for innovative businesses than
entrepreneurial talent to pursue these ideas”. The capability to connect inter-
functional company networks in the Brainport region is evaluated as intermediate.

Utrecht region

Business services companies are often based close to each other in the region, e.g. on
the Rijnsweerd and Papendorp business parks, but these locations do not radiate the
same openness as the open innovation campuses in the Brainport region. Even during
lunch hours on working days, the streets in the business park are empty. An ‘Open
Innovation Services Campus’ does not yet exist. There are plans to extend the Science
Park Utrecht, based on the University campus, to the nearby Rijnsweerd business
park; however, without a change in mindset to a more collaborative attitude, it is
doubtful whether this will result in a significant increase in networking for innovation.
An interviewee from an ICT-company: “The distance between this business park and
the science park is about 1 kilometre, but it’s like two worlds apart”. The culture of
sharing knowledge and ideas is different from the Brainport region. An interviewee
from a consultancy company: “We have very creative individuals, but that doesn’t
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automatically lead to innovation for the firm. Our people have a nomadic mentality.
When they leave for another job or start their own business, they take their ideas and
knowledge with them”. The capability to connect inter-functional company networks
in the Utrecht region is evaluated as low.

Capability to connect to societal networks

Brainport region

The Brainport region supports and stimulates sustainability initiatives and has
embraced the °‘Cradle to Cradle’ concept of sustainable design and innovation
(McDonough and Braungart, 2002). The pioneer of Cradle to Cradle in the region is
DSM, which runs a ‘Climate-Induced Innovation’ initiative in collaboration with
societal partners and has realized innovations in renewable energy, biofuels,
innovative composites that enable energy-saving in transport and environmental
friendly solvents. However, some companies in the region are sceptical about ‘Cradle
to Cradle’, because the economic value is not always clear. Several companies have

long-term mission statements related to sustainability (e.g. “improving the quality of
life through the introduction of meaningful innovations”), but investors demand short-

term profitability. Companies try to connect short-term and long-term by introducing
new products that contribute to creating sustainable societies e.g. products to improve
health and well-being, products to conduct research in the fields of energy and
environment, or environmental friendly solutions. We participated in a seminar on
one of the open innovation campuses with the aim to bring people together to
stimulate innovative thinking in the use of renewable energy and ‘“green” raw
materials. The seminar was successful in bringing together researchers, product
developers, regional government and politicians, but was not successful regarding the
start of a dialogue with society at large. Transforming the need for sustainable
solutions into innovative products, systems and services is still a challenge. The
capability to connect to societal networks in the Brainport region is evaluated as
intermediate.

Utrecht region

Business services companies in the region are rather reluctant to invest in longer term
knowledge development which is necessary to get involved in sustainable innovation
initiatives with societal partners and knowledge institutes, unless it creates business
value in the short-term as well. An interviewee from a consultancy company: “We get
involved in sustainability projects because our clients face new demands due to new
legislation and regulation-however these are solution oriented projects to comply with
legislation and regulation, not long term investments”. Exceptions are companies like
Ecofys, an advisory services company specialized in sustainability and Royal
Haskoning DHV, an engineering services company, which puts a strong focus on
innovation for sustainable development. Financial services company Rabobank is
innovative in its contribution to social responsibility and sustainable development
related to its strong position in the agricultural sector. Recently more business
services companies started to participate in initiatives in order to turn sustainability
challenges into innovative solutions with the objective of creating value for business
and society. One of these is the University Utrecht Sustainability Institute, which
targets innovations for sustainable urban development in cooperation with advisory,
ICT, engineering, design, legal and financial services companies based in the region,
thereby linking science, technology, financial-economic and socio-cultural issues in
an open innovation environment. An interviewee from an engineering consultancy
company: “We cooperate with other engineering companies, building companies and
the regional knowledge institutes in the Centre of Expertise for smart sustainable
cities, directed at innovation in services to realize smart sustainable cities”. However,
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these initiatives are seen as too limited: “The region could do more to raise its profile
as a sustainable region. That would encourage open innovation with regional KIBS
companies with a sustainable development strategy”. The capability to connect to
societal networks in the Utrecht region is evaluated as intermediate.

5. Discussion

Figure 1 summarizes the findings in the Technology sector (Brainport region) and the
Knowledge Intensive Business Services sector (Utrecht region) on networking
capabilities for each networking type.

Industry Networking type and capability
T 2 34 - 67 8 9

Technology ;:::: A R :.:.:: E ::::: ﬂ

Business Sermvices

High capability
Intermediate capability [§
Low capability [:\

Networking type
Capability to connect global and local networks

1

2. Capability to network between big and small companies

3. Capability to connect innovation networks to fundamental research
4. Capability to connect formal and informal networks

5. Capability to connect deep and wide network ties.

6. Capability to connect to customer & lead-user innovator networks
7. Capability to connect toregional innovation networks.

8. Capability to connect inter-functional company networks.

9. Capability to connect to societal networks.

Fig.1. Summary of findings in Technology sector (Brainport region) and Knowledge Intensive
Business Services sector (Utrecht region) on networking capabilities for each networking type.

The results show that, according to the framework, technology companies in the
Brainport region have on average higher networking capability than KIBS companies
in the Utrecht region and are in the lead of benefiting from open innovation. In the
technology sector, there is room for improvement in connecting to customer and lead-
user innovator networks, in connecting inter-functional company networks and in
connecting to societal networks. These weaknesses can be explained by the still
dominant technology orientation in the sector, which goes at the expense of customer
orientation, inter-functional cooperation and anticipating societal needs. It means that
on the Technology Push-Market Pull innovation dilemma, the emphasis is still at the
technology push side, that on the ‘Stimulating individual performance versus
cooperation and knowledge sharing’ innovation dilemma the emphasis is on the
individualistic side and that on the short-term focus versus long-term focus in
innovation dilemma, the emphasis is on the short-term side. On the other innovation
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dilemmas, a dynamic balance is maintained. The business services sector main
weaknesses are, according to the framework, in connecting global/local networks,
connecting innovation networks to fundamental research, connecting formal/informal
networks, connecting deep/wide networks and connecting inter-functional networks.
This can be explained by the predominant orientation towards local-for-local and one-
off customer specific solutions, the short-term orientation and the lack of openness
and trust in the business services sector. It means that there is no dynamic balance on
most innovation dilemmas.

The preliminary research confirmed that all networking capabilities in the framework,
and the tensions implied by them, are relevant for benefiting from open innovation
The results suggest that the framework of networking capabilities is comprehensive,
and a promising tool for analysis that can serve as a checklist for companies how they
can become better equipped to benefit from open innovation, providing an agenda for
culture change.

This article builds on the results from a comparison of two regional cases, which
means that the scope for generalizations is limited. However, it is a step towards a
better understanding of the requirements for companies to benefit from open
innovation. More research is needed so as to provide a more thorough understanding;
but the exploratory research provides evidence for the proposition that technology
companies are in an advantageous position to benefit from open innovation because
of their previous experiences in innovation networking. Companies in the Brainport
region, such as Philips, DSM, ASML and FEI, combine a long history in closed
innovation with external networking resulting in a “culture of innovation” including
innovation networking capabilities. This can be partly explained by the embeddedness
of these companies in this region where they were founded. The region is known for
its networking culture and the research shows that corporate innovation cultures and
regional innovation cultures can reinforce each other. This supports the conclusions of
Todtling et al. (2011) who show that corporate innovation cultures and regional
innovation cultures can influence each other into creating an environment conducive
to open innovation. It also supports the conclusions of Belussi et al. (2010) who
studied the life sciences sector in a specific region and found that relational and
coordination capabilities of firms and research labs allow the establishment of a
positive spiral of learning conducive to the development of an ‘ORIS’ (‘Open
Regional Innovation System’). The Brainport region seems to be on its way to
become such an ORIS as well. The difference between a traditional RIS and an open
ORIS is in the high score on the capability to connect global and local networks,
which means that companies in the region can combine exploiting the advantages of
local knowledge spill-overs and getting access to non-local sources of knowledge and
information.

The research also provides evidence that the presence of a KIBS cluster in a region,
combined with a regional open innovation strategy stimulating networking and
cooperation, is not sufficient for creating an open innovation culture. KIBS companies
in the region score low or intermediate on the networking capabilities. The literature
on collaborative innovation involving KIBS firms to date shows mixed results
(Doloreux et al., 2010). Qualifications of KIBS in terms of innovation range from
“remarkable innovators in her own right”, “knowledge intermediaries” and “central to
the innovation processes of other firms” to “routine service providers”. E.g. Aslesen
and Isaksen (2010), in a study of KIBS in different Norwegian regions, find that
KIBS do engage in collaborative learning processes and act as intermediaries between
knowledge infrastructure and firms. Kautonen and Hyypid (2010), in a study of
management-KIBS in Finland, find that only a small number of KIBS companies play
a role as intermediaries between local clients and the international business
environment. Freel (2010, p. 93) concludes that technology-based KIBS
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disproportionate engage in collaborative innovation with other KIBS but that there is
relatively limited collaborative contribution of KIBS to other sectors. Miles (2005)
finds that some technology-based KIBS are well linked to innovation systems, while
IT services and more professional services tended to have low levels of contact,
relying more on professional associations to refresh their knowledge. Our results for
the Utrecht region are in line with Miles (2005), Freel (2010) and Kautonen and
Hyypid (2010). Overall, applying the framework to KIBS companies in the Utrecht
region results in relatively low scores on innovation networking capabilities and low
involvement in open innovation, with technology-based KIBS as the exception, and
we find a limited role of KIBS companies in connecting local and global innovation
networks. However, we have to be careful to draw conclusions on differences
between technology industry and KIBS sector based on the comparison between two
regions with a different sectoral specialization. E.g. Aslesen and Isaksen (2010) and
Kautonen and Hyypid (2010) report differences between the role of KIBS in
innovation systems in different regions within one country. Differences between
regions, such as high level of specialization versus more generic services, level of
globalization, proximity of different KIBS-partners and differences in knowledge
sources, may influence the role of KIBS in innovation systems.

The research indicates that the networking capabilities framework is a promising tool
for analysis that can be used to compare to what extent companies from two different
sectors are equipped to benefit from open innovation. The comprehensive framework
of network capabilities for open innovation has been developed by connecting
fundamental innovation culture dilemmas to networking capabilities and seems to
offer a more complete framework than existing models on open innovation and
capabilities (Cheng and Chen, 2013; Den Hertog et al., 2010; Fichter, 20009;
Gassmann and Enkel, 2004; Lee et al., 2010; Lichtenthaler, 2011; Lichtenthaler and
Lichtenthaler, 2009; Robertson et al., 2012; Simard and West, 2006; Vanhaverbeke,
2006;), also because differences in capabilities can be related to the way companies
handle the innovation dilemmas. However, further research to validate the framework
is necessary.

Next to the already mentioned managerial implications for companies, the research
has important policy implications for regions as well. E.g., in the Utrecht region,
several KIBS companies are not convinced that they can benefit from being involved
in regional innovation networking. The innovation networking capabilities framework
can help regional innovation policy makers to convince companies that they can
benefit from open innovation by developing these capabilities.

6. Conclusion

Companies can benefit from open innovation when they have the capabilities to
connect closed and open approaches to innovation. Benefiting from open innovation
is not just a matter of implementing an open innovation strategy consisting of
cooperative agreements, external technology acquisition, investing in start-ups,
spinning-off activities etc. Benefiting from open innovation requires a culture change
in the direction of a culture conducive to developing networking capabilities. The first
research question has been answered by developing a comprehensive framework of
nine networking capabilities, rooted in theories of how organizational cultures impact
innovation and showing how the framework can be used to evaluate to what extent
companies are equipped to benefit from open innovation. The research results suggest
that the framework can serve as an analytical tool to evaluate to what extent
companies are equipped to benefit from open innovation, and can help regions to
develop policies to encourage and assist companies to improve their networking
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capabilities and embark on culture change processes. The second research question
has been answered by preliminary empirical research to test the framework by a
comparative study of a region dominated by the technology industry and a region
dominated by the business services industry in The Netherlands. The results indicate
that technology companies are in the lead of benefiting from open innovation. A
possible explanation for this advantageous position in being able to benefit from open
innovation is that many technology companies have a long experience in improving
their innovative performance by combining internal R&D capabilities and innovation
activities with developing networking capabilities to recognize, monitor and use
external knowledge resources and innovations developed elsewhere. Companies with
previous experience in making internal skills and resources work together in
innovation and a culture conducive to external networking benefit from networking in
innovation with customers, competitors, suppliers, partners, knowledge institutes and
other external stakeholders. However, definitive conclusions cannot be drawn because
the comparative case study between two regions served as a first step to further
validating the framework of network capabilities. Further research is necessary to
investigate the influence of other differences between regions such as high level of
specialization versus more generic services, level of globalization and differences in
knowledge sources.

The framework of networking capabilities is a promising tool to serve as a checklist
for companies how they can become better equipped to jointly create value and
capture value in open innovation networks. The research has important policy
implications as well, because it indicates that regional open innovation strategies need
to address the development of networking capabilities of companies and other actors
in the regional innovation system to create an open innovation environment. The
framework of networking capabilities can potentially serve as an analytical tool to
assess under which conditions companies can benefit from open innovation in a
regional cluster.

Limitations of the study are the case study approach limited to two different industries
in two different regions and the qualitative approach due to a lack of quantitative data
on the benefits of open innovation. Further research should be aimed at assessing the
generalizability of the approach by comparative research of other sectors and regions,
detailed research of benefits of open innovation in specific companies and more
quantitative research. Another possible area of research is in the new category of
‘tech-service’ companies-the growing group of technology firms with a large service
component. It would be interesting to use the innovation network capabilities
framework to assess to what extent these firms are able to transfer elements of an
open innovation culture from the technology side of their business to the service side
and possibly the other way around.
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Abstract. This paper addresses a major gap in reported research on open
innovation (OI) literature: How do service firms adopt open innovation? This
research focuses on data from eighteen service SMEs in Belgium from high-
tech and knowledge-intensive service industries. Based on analysis, we find
new insights regarding open innovation practices (i.e., inbound and outbound)
and sub-practices (i.e., acquiring, sourcing, selling and revealing) for service
firms. More specifically, the study showed that service SMEs are more inclined
to use inbound practices due to reasons associated with firm size, industry, and
knowledge intensity in the market, whereas the decision about which sub-
practice to adopt seems to be strongly influenced by the type of actor, the firm’s
vulnerability and internal managerial skills, and the existence of
complementarities. Thus, we contribute to OI literature as well as capability
literature through providing initial insights regarding the adoption of OI by
service firms.

Keywords. Open Innovation Adoption, Service Industry, SMEs, Inbound,
Sourcing, Acquiring.

1. Introduction

Service innovation management in current hypercompetitive markets are considered
to be important challenge for many service firms. This challenge is due to need to
simultaneously consider multiple interrelated changes, such as organizational
innovation, the involvement of multiple actors in the process of innovation, and the
codification of knowledge for innovation. Although prior literature provides limited
inputs, it acknowledges the importance of understanding the interaction between the
various actors in the process of service innovation. Some service companies (mostly
technology-based businesses) have been trying to break their boundaries through
implementing a more open innovation processes. The emerging literature on open
innovation (OI) captures such developed and is defined as “the use of purposive
inflows and outflows of knowledge to accelerate internal innovation and expand the
markets for [the] external use of innovation, respectively” (Chesbrough 2006;
Chesbrough 2006). Two reasons motives companies to adopt OI approach. First, it
can reduce the time to market and R&D-related costs. Second, firms can utilize an
external path to market for internal developments that enables them to capture the
benefits of their R&D investments (Huizingh 2011). The openness of the innovation
process has been identified as one of the key success factors of service firms (de Jong
et al., 2003; Du et al., 2014). Using OI, service firms can overcome barriers to

ISSN 2183-0606
http://www.open-jim.org
http://creativecommons.org/licenses/by/3.0 106



Journal of Innovation Management Virlée, Hammedi, Parida
JIM 3,2 (2015) 106-130

innovation by acquiring and utilizing external resources to drive innovation output (de
Jong et al., 2003).

Notwithstanding a recent increase in the number of OI publications, OI in the service
industry has remained under-investigated (Evangelista and Savona 2010; Trigo and
Vence, 2012)In this study, we argue that OI within service firms is widely recognized
as different from OI in manufacturing firms (van de Vrande et al. 2006; Tether and
Tajar 2008; Mention 2011). For example, service firms’ heterogeneity, intangibility
and customer-centric nature are expected to influence how innovation emerges and
can be managed (Wilson et al., 2008). Thus, many recent studies have called for the
investigation of OI in the service industry through developing the knowledge
pertaining to open service innovation (van de Vrande et al., 2006; Gassmann et al.,
2010; Vanhaverbeke et al., 2014).

We are still in early stages of understanding OI in services firms and several questions
remain unanswered regarding how service firms adopt OI. Previous studies have
shown that OI adoption is not dominated by any one type of firm, and it was found to
depend on various factors, such as innovation needs, the organizational culture, the
country, the industry, the timing of the implementation, etc. Few qualitative studies
(e.g., Christensen et al., 2005; Neyer et al., 2009) and quantitative studies (van de
Vrande et al., 2009a) have been devoted to that issue. Most studies on the adoption of
Ol have focused on large manufacturing firms, such as those presented by

Chesbrough (2003)-i.e., Lucent, IBM, Intel and Millennium Pharmaceutical-DSM
(Kirschbaum, 2005), P&G (Dodgson et al., 2006; Huston and Sakkab, 2006), and
ItalCementi (Chiaroni et al., 2011). Several quantitative studies have been conducted
in German-speaking countries, including Switzerland (Keupp and Gassmann, 2009),
and in the Netherlands (Poot et al., 2009). However, despite the potential advantages
of qualitative cross-company analysis (Eisenhardt, 1989), few studies have focused on
Ol practices in service firms (Mortara and Minshall, 2011). Furthermore,
understanding under which circumstances formal or informal open innovation
practices and sub-practices are adopted has been emphasized as a top research
priority, but empirical studies that focus on that topic are still lacking (Enkel et al.,
2009; Wikhamn, 2013; Henkel et al., 2014; West et al., 2014). This paper will thus
focus on the process of OI, by analyzing the OI- practices and sub-practices
implemented by services SMEs (Huizingh, 2011) and the context, by analyzing when
these practices and sub-practices are implemented by services SMEs (Huizingh,
2011). This study attempts mainly to understand how and when OI should be
implemented by services SMEs (Enkel et al., 2009; Huizingh, 2011). Indeed, firms
need to learn routines to effectively implement OI practices and sub-practices
(Vanhaverbeke et al., 2008). Taking such perspective enables us to contribute beyond
Ol literature towards capability development literature, which suggests that firms can
secure competitive advantage through developing unique and inimitable routines and
processes. (Helfat and Peteraf, 2003).

This paper addresses a gap in the OI literature with regard to service industry
(Gassmann, 2006; Chiaroni et al., 2010, 2011). Consequently, in this study, we take
an integrative perspective on Ol adoption by developing a framework to analyze the
practices and related sub-practices adopted by service firms in general and
particularly of eighteen service SMEs in Belgium. Multiple case studies have been
designed to involve firms from high-tech and knowledge-intensive service industries,
in which OI practices are prevalent (Parida et al., 2012). This sample warrants an in-
depth cross-company analysis. Furthermore, we argue that SMEs are particularly
relevant for this study because they represent 99.8% of the firms in Belgium (3) and
because previous OI studies have primarily focused on large firms (van de Vrande et
al., 2006; Lasagni 2012; Parida et al., 2012). Moreover, service SMEs account for
57.7% of all firms in Belgium and contribute significantly to the national economy.
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Ol is beneficial and valuable for SMEs because it can assist such firms in overcoming
size-related liabilities and ensuring competitiveness (van de Vrande et al., 2006;
Bianchi et al., 2010). However, numerous factors can complicate the adoption and
implementation of OI within SMEs, which is not as much of an issue in larger firms.
For instance, many size-related factors (e.g., time or resources) are expected to reduce
the adoption and output of OI for SMEs (van de Vrande et al., 2006). Moreover,
SMEs increasingly practice OI through the integration of external resources;
therefore, a more detailed understanding of these practices would be appropriate and
relevant (Gassmann et al., 2010). Consequently, services SMEs represent a suitable
target sample for the current study.

This article is structured as follows. First, the literature on OI practices and on OI in
the service industry is reviewed. In the next section, we propose a framework to
analyze the practices and sub-practices adopted by service firms. Then, we explain the
research methodology. This is followed by the presentation of our empirical results
and discussion. Finally, conclusions, limitations, and suggestions for further research
are presented.

2. Literature review

2.1. OI Practices

Understanding the richness of the OI paradigm requires a study of the factors that
drive firms to implement different OI practices (Dahlander and Gann 2010; Huizingh
2011). OI is divided into two categories of practices: outbound OI and inbound OI
(Gassmann and Enkel 2004; Chesbrough 2006; Huizingh 2011; Drechsler and Natter
2012). Outbound OI refers to the process of using an external path to market for
internal developments (Chesbrough 2006; Chesbrough 2006; Dahlander and Gann
2010; Parida et al., 2012). It includes activities such as out-licensing or selling IP,
forming alliances, and creating spin-offs (Gassmann and Enkel 2004, Lichtenthaler
and Ernst 2007). Outbound OI can be risky because it involves the divulging of
expertise by a firm, which entails the risk of strengthening the market positions of
competitors of the firm in question (Rivette and Kline, 2000). The benefits of
outbound OI can be both monetary and strategic (Bidault 2004; Lichtenthaler and
Ernst 2007). Inbound OI is, however, linked to the exploration and integration of
external resources for internal development (Chesbrough 2006; Chesbrough 2006,
Dahlander and Gann 2010; Parida et al., 2012). It includes activities such as
networking, inter-firm collaboration, customer involvement, and the purchase of
licenses from other organizations (Parida et al., 2012). Through inbound OI, firms can
obtain access to new, complementary, and unique resources (Gassmann and Enkel
2004). This practice can be expensive because it requires time, money and the ability
to effectively use external resources and knowledge (Madhok 2002; Bapuji et al.,
2011).

Both practices can be beneficial, but firms more frequently practice inbound OI than
outbound OI (ven der Meer 2007; Huizingh 2011). However, a few firms have
reported engaging in both practices simultaneously. This behavior may reflect the
complementary nature of the two types of OI (van de Vrande et al., 2006; Enkel et al.,
2009). However, there is a lack of understanding of outbound practice, although it can
produce high revenue (van de Vrande et al., 2006; Parida et al., 2012). Therefore, the
determinants of the choice to implement particular OI practices are important because
the context can influence a firm’s decision (van de Vrande et al., 2006; Gardet and
Fraiha, 2012).

http://www.open-jim.org 108



Journal of Innovation Management Virlée, Hammedi, Parida
JIM 3,2 (2015) 106-130

2.2.  Open innovation in the service industry

In addition to manufacturing firms, OI also holds value for service firms (van de
Vrande et al., 2006; Mention, 2011). The openness of the innovation process has been
identified as one of the key success factors of service firms (de Jong et al., 2003).
Using OI, service firms can overcome barriers to innovation by acquiring and
utilizing external resources to drive innovation output (de Jong et al., 2003). Despite
the relevance of OI to service firms, there remains a lack of theoretical knowledge
pertaining to open service innovation (Gassmann et al., 2010; Chae, 2011).

Prior studies have indicated that OI adoption in services can differ greatly from
adoption in manufacturing firms for many reasons. First, the intangibility of services
renders communication more difficult (Chesbrough and Davies, 2010) and requires
close ties with the stakeholders involved (Hsueh et al., 2010). Because of their
offerings’ intangibility, service firms are resorting to copyright and confidentiality
agreements as methods of protection rather than using patents, which are usually used
in the manufacturing sector (Rubalcaba et al., 2010). Consequently, it is interesting to
investigate how service firms will address intangibility to coordinate the parties
involved in OI projects and to protect their outputs.

The simultaneity of production and consumption are also expected to affect OI
implementation in the service industry (Chesbrough and Davies, 2010). This
dimension is crucial given the highly interactive nature of OI practice. The study of
OI practices and sub-practices in service firms is closely linked to the need to
consider innovation management in services more systematically (Toivonen, 2010).

Many OI researchers have acknowledged the importance of understanding OI in the
service industry (van de Vrande et al., 2006; Tether and Tajar, 2008; Chesbrough and
Davies, 2010; Gassmann et al., 2010; Huizingh 2011; Love et al., 2011; Mention
2011; Salavisa et al., 2012; Trigo and Vence, 2012). Consequently, a thorough review
of OI literature from 2002-2012 was conducted. A topic search option was used in
EBSCO and Science Direct to search for scientific publications that contained the
combination terms “open”, “innovation” and “service” in the title, keywords or
abstract fields. The research included only publications of the document type “article”
in the categories of social sciences, business and management.

The initial research efforts resulted in a set of 53 publications. However, the topic
search option captured not only publications that contained the combined terms
“service open innovation” but also those that simply contained the three words
separately. Only empirical papers have been retained; theoretical papers, literature
reviews and books have been excluded. An ex-ante normative judgment with regard
to whether the publications address the studied concept was performed. This stage
yielded eight relevant studies, which are presented in table 1. Finally, eight articles
have been included in this literature review. Those articles were published in three
journals: “Research Policy” (3 articles), “Technovation” (4 articles) and
“International Journal of Innovation Management” (1 article). These articles have
been classified based on the practices studied. It can be observed that previous
research focused mainly on inbound practices in service industries. Outbound OI was
discussed in only two articles.

Prior literature on inbound OI studied many types of activities: (1) cooperation
(Tether 2002; Mention 2011; Mention and Asikainen 2012; Trigo and Vence, 2012),
(2) knowledge sourcing (Love et al., 2011; Mention 2011; Mention and Asikainen;
2012), (3) networking (van de Vrande et al., 2006; Salavisa et al., 2012) and (4)
customer involvement, outsourcing R&D and licensing IP from other firms (van de
Vrande et al., 2006) as types of inbound OI practices. Venturing, licensing to other
firms and participating with other firms have been studied as types of outbound OI
practices (van de Vrande et al., 2006). Love et al (2011) also considered both
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outbound and inbound OI practices, but they did not indicate how these practices
were adopted; they focused instead on the types of partners involved rather than on
the way these companies involved the stakeholders.

Cooperation as inbound OI practice is defined as “active participation in joint R&D
and other technological innovation projects with other organizations” (Tether 2002;
Mention 2011). Tether (2002) investigated the factors that influence UK firms’
adopted cooperation mode of innovation. It appears that the firm’s size, its sector of
activity, its level of R&D, its innovation behavior, its experience with innovation and
the type of innovation introduced affect the firm’s propensity to adopt the cooperation
practice of OI (Tether 2002). The firm’s motive to decrease the risk associated with
innovation leads these firms to cooperate with customers and competitors. Mention
(2011) studied the cooperation partners of service firms and their effect on the degree
of novelty. The author showed that cooperation with science-based partners
influences the degree of novelty of the innovation. Cooperation with the other types
of partners (competitors, market-based partners and companies within the group) do
not significantly influence the degree of novelty of the innovation project. Mention
and Asikainen (2012) studied the effect of cooperation and information sourcing on
innovation intensity and sales. They showed that cooperation with market players is
positively related to innovation intensity in the firms and with sales. Finally, Trigo
and Vence (2012) have shown that the cooperation mode adopted by service firms
depends on the innovation type and the sector of activity and will influence the
partners integrated in the innovation project.

Sourcing is a less formal type of inbound OI practice. Love et al (2011) emphasized
that knowledge sourcing from customers will affect the number of ideas available in
the first stage of the innovation process. Knowledge sourcing from other partners
does not have a significant effect on the early stage of the innovation process.
Information from market-based partners, from firms within the group and from
competitors positively influences the degree of novelty of the innovation (Mention
2011) in service firms. In another study, it was found that information from market
players influences the firm’s innovation intensity, whereas information from
competitors influences the firm’s sales (Mention and Asikainen, 2012)

Networking is another type of inbound OI practice. Salavisa et al (2012) studied
formal and informal networks in service firms (biotechnology and software). Formal
networks are adopted more frequently than informal network. Indeed, an informal
network requires strong ties. Informal networks are mainly adopted by biotechnology
firms in connection with universities and by software companies in connection with
firms from the same sector. Regarding the other types of inbound OI practices,
customer involvement and network usage in the innovation process appears to be the
most adopted practice by SMEs. Licensing IP from other firms is more frequently
practiced by manufacturing firms than by service firms (van de Vrande et al., 2006).

Regarding outbound OI practices, van de Vrande et al., (2006) find that whereas
outbound practices are increasingly adopted by SMEs, the adoption rate of outbound
practices is stable. There is a significant difference between service firms and
manufacturing firms to adopt outbound OI practices. Love et al (2011) emphasized
that service firms generally use outbound practices during the second stage of the
innovation process to transform resources into marketable innovation.

The literature on OI practices in service firms shows contradicting results regarding
(1) the factors that influence the adoption of different types of inbound OI practices
and (2) these factors’ effect on a firm’s performance indicators (Mention and
Asikainen, 2012; Trigo and Vence, 2012). It is largely recognized that such
discrepancies may be due to a lack of understanding/conceptualization of OI
(Dahlander and Gann, 2010; Wikhamn, 2013). Indeed, inbound and outbound
practices are broad concepts, and some managers may be confused regarding the
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types of practices it includes (Dahlander and Gann, 2010). Services’ characteristics
may also lead companies from the sector to implement some forms of inbound and/or
outbound OI practices. Indeed, because services are intangible, they are more difficult
to protect than products. Consequently, these firms may rely more heavily on formal
types of practices. Moreover, it appears that service firms may practice outbound OI
(van de Vrande et al., 2006; Love et al., 2011), but few studies have considered this
type of openness. Consequently, there is a need to study OI in services within a
clearly defined framework. This study attempts to extend the understanding of how
service firms implement OI by focusing on OI practices and their associated processes
that are crucial to understanding the service context. Furthermore, this study attempts
to understand why some practices and sub-practices are adopted by services SMEs
and others are not adopted. To meet this objective, we will define a framework to
identify OI practices and sub-practices in the next section.

Table 1. OI practices and activities in the service industry-Literature review

ol Op.e " i’nnovation Articles

practices activities

Cooperation Tether, 2002; Mention, 2011; Mention and
Asikainen, 2012; Trigo and Vence, 2012
Customer van de Vrande et al., 2006
involvement
Networking van de Vrande et al., 2006; Salavisa et al.,
2012
Outsourcing R&D van de Vrande et al., 2006
Inbound -

License IP to other van de Vrande et al., 2006
firms
Broadly defined Love etal., 2011
Coopetition Mention, 2011
Information sourcing Mention and Asikainen, 2012
Inter-firm Hsieh and Tidd, 2012
relationships
Venturing van de Vrande et al., 2006
License IP to other van de Vrande et al., 2006
firms

Outbound Participation in other van de Vrande et al., 2006
firms
Broadly defined Love etal., 2011

2.  Development of the OI framework

Two main dimensions have been used in theory to classify OI practices: (1) inbound
vs. outbound OI and (2) the controlled vs. the ‘libre’ perspective (Bass and Avolio,
1997; Wikhamn 2013). The proposed framework has been adapted from Dahlander
and Gann (2010) to better represent the specificities of the service sector. Indeed,
whereas the authors of the original article made the difference between exchanges that
involve money and exchanges that do not involve money, we used the distinction
between ‘libre’ and ‘controlled’. This dimension has been proposed by Wikhamn
(2013), who defines ‘libre’ openness as the “availability of ongoing, socially
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constructed knowledge, permitting any users to access, add and modify it without
legal or technical barriers”. The idea behind ‘libre’ openness is that resources are
freely available to everyone (Wikhamn, 2013). The second perspective, ‘controlled
openness assumes that resources can be shared under the control that is established
through setting the price (Wikhamn, 2013). It has to be noted that ‘libre’ is not the
opposite of controlled. Indeed, ‘libre’ does not mean uncontrolled or without
protection. It is more related to the idea that knowledge is diffused in the society
“with the aim of transparency, accessibility and freedom of use” (Wikhamn, 2013). In
the ‘libre’ perspective, mechanisms such as intellectual property rights (IPRs) may be
used by companies to protect openness (Wikhamn, 2013). The concept of open as
‘libre’ is related to the concept of free software, free culture, open science and open
access. The ‘controlled’ openness is related to IP strategies to concept such as open IP
platforms (Wikhamn, 2013) We suggest that these two perspectives are related to but
are different from the perspective suggested by Dahlander and Gann (2010). Indeed,
‘libre’ openness does not mean that services are without the exchange of money but
that they are freely available in an idea of transparency (Wikhamn, 2013). Given the
intangible nature of services, firms may want to keep the control(Dahlander and Gann
2010). However, control is not necessarily associated with an exchange of money, as
stated by Wikhamn (2013), because companies may use other mechanisms to protect
their resources. Salavisa et al., (2012) also made the distinction between formal and
informal networking for open innovation. However, they suggested that formal
networks were established between organizations and informal networks between
individuals. In this study, we argue that both may be adopted by services SMEs, with
any type of stakeholder. We also argue that informal networking is not the same as
uncontrolled networking. Indeed, firms may depend on each other to develop an
innovation. In that case, both firms may keep the control without establishing a
formal cooperation. This new way to classify the sub-practices of inbound and
outbound OI may explain the divergences find in the literature on OI in the service
sector.

Four related innovation sub-practices (or forms of inbound and outbound OI
practices) have been highlighted. Acquiring and sourcing are related to inbound
practices, whereas outbound practice is operationalized through revealing and selling.
The various sub-practices are clearly defined in the following table.

Table 2: The OI practices and sub-practices (adapted from Dahlander & Gann, 2010)

Inbound innovation Outbound innovation
Controlled Acquiring Selling
erspective How do firms access or in-license How is innovation developed
persp in external resources/knowledge? internally sold/out-licensed?
Sourcing Revealing
Y fhns . How do firms reveal internal
Libre How do firms use external
perspective resources for internal resources/knowledge to the external
development? environment without immediate
P ) reward?

Through acquiring, companies obtain input(s) for innovation through the marketplace.
This sub-practice is implemented when a firm wants to retain control over a set of
elements in its Ol-related interactions (Garavelli et al., 2013). Acquiring includes
activities such as in-licensing, co-operating, formal networking, and outsourcing
R&D. On one hand, acquiring external knowledge allows the company to reduce their
time to market and uncertainty (Dahlander and Gann, 2010; Wang and Li-Ying,
2014). On the other hand, it requires firms to be able to manage the search for and
evaluation of external ideas that can be integrated into the innovation process and to

http://www.open-jim.org 112



Journal of Innovation Management Virlée, Hammedi, Parida
JIM 3,2 (2015) 106-130

control the distance between themselves and their external inputs (Sapienza et al.,
2004; Dahlander and Gann, 2010). An excessively large gulf between a firm and its
external inputs will create difficulties in aligning these inputs with current firm
practices, whereas external inputs that are overly similar to a firm’s current
knowledge will reduce the possibility of combining available inputs in a manner that
generates new and innovative outputs.

Sourcing is related to the use of ideas and technologies sourced from outside of a firm
through, for example, participation in external innovation projects (Chesbrough,
2006). Sourcing includes activities such as informal networking and customer
involvement. Through this sub-practice, firms can benefit from complementarities to
which they would otherwise not have access (Dahlander and Gann, 2010). Firms can
also benefit from creative ideas from external actors and obtain opportunities to
develop and market new products or services (Garavelli et al., 2013). However, the
knowledge that a firm can acquire through sourcing is limited. Indeed, the
relationship between searching activities and innovative performance is curvilinear
(Laursen and Salter, 2006).

Through revealing, a firm reveals its own resources without reaping immediate
rewards and without having real control over the use of this information (Henkel,
2006; Wikhamn, 2013). Revealing has been extensively discussed in the context of
open sources software (Henkel, 2006). Indeed, it may be required for successful OI
and/or when legal protection is ineffective (Henkel et al., 2014). Revealing can be
beneficial because it can generate incremental innovation within a particular industry
(Murray and O'Mahony, 2007; Dahlander and Gann, 2010). It can also lead to
cumulative advantages. Indeed, by focusing less on innovation protection, a firm can
increase the use of its products/services, including external knowledge that can be
integrated into its pool of knowledge. On the other hand, there is the risk that
knowledge will be leaked to competitors. Moreover, the benefits are difficult to reap,
and firms have to determine which resources will be revealed (Laursen and Salter,
2006; Dahlander and Gann, 2010).

The last form of openness, known as “selling”, includes activities such as venturing
and licensing intellectual property to other firms. Through these sub-practices, firms
share or license internal resources to become commercialized them. Selling is
increasingly adopted by managers (Mazzola et al., 2012). However, there are risks
involved in providing critical information to potential customers. Firms must be able
to appropriately utilize the potential value that is associated with sharing a particular
resource (Arrow, 1971; Dahlander and Gann, 2010).

The above typology has been used to explore and analyze the adoption of OI within
service firms. Beyond these practices, the related sub-practices have also been deeply
studied. This framework is considered a foundation to a better understanding of the
contextual drivers of the strategic selection of OI practices and sub-practices.

3.  Methodology

A qualitative research method was adopted because it permits the understanding of
complex social phenomena that are associated with real-life events (Yin, 2009). To
identify and understand how service firms engage in OI practices and sub-practices
and how these choices are influenced by certain contextual factors, we conducted
multiple case studies (Baxter and Jack 2008; Yin 2009). This methodology decreases
the likelihood of randomness and facilitates investigators to identify and study
patterns across multiple cases.

In a total of eighteen SMEs (small and medium-sized enterprises) from high-tech (15
firms) and knowledge-intensive service (3 firms) industries from Belgium were
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selected for this study. Two criteria were set in the choice of the case firms: (1) The
firm had to have integrated external actors within its innovation process for at least
one innovation project (Bass and Avolio, 1997), and (2) the firm must have
commercialized/implemented this innovation. The cases were chosen through the use
of replication logic, which emphasizes the similarities and differences within and
between groups (Eisenhardt, 1989; Yin 2009). The case firms are members of Belgian
organizations that promote collaboration (cluster and “pole de compétitivité) between
companies.

The case SMEs were classified according to the innovation types that were achieved
during each project (process or service innovation) and according to the degree of
novelty (radical or incremental) because these criteria have been suggested as
influencing the OI (Huizingh, 2011). Following the typologies of Gradey et al (1995)
and Avontalis et al (2001), service modification, service line extensions, and service
repositioning are grouped into the service innovation category, whereas architecture
innovation, platform innovation, and (new or improved) delivery processes are
referred to as process innovation. Moreover, based on the categorization adopted by
Parida et al (2013) and Laursen and Salter (2006b), we view radical innovation to be
related to a “new-to-the-world” innovation and incremental innovation to be related
to a “new-to-the-firm or significantly improved” innovation. This framework allows
for capturing a different degree of innovation or novelty through case firms. Having
access to cases that are spread across innovation types and degree of novelty adds
variation to our sample. Thus, six innovations were classified as radical process

innovations, five as radical service innovations, one as an incremental process
innovation, and six as incremental service innovations.

To obtain rich empirical data, we used multiple data sources (Baxter and Jack, 2008;
Yin, 2009). Most data were collected through semi-structured interviews (duration on
average: 90 minutes). The interviewees were either top managers or project managers
who were supposed to be the most knowledgeable about the innovation strategy, the
OI strategy and the past and ongoing OI projects in their firms. Information on the
respondents is presented in the table in Appendix (Appendix A). A deductive research
approach was adopted, and semi-structured interviews were conducted through
developing an interview guide based on the theoretical framework and previous
research findings. The interview started with a clear focus on the innovation strategy
in the introduction. Then, respondents were asked to focus their attention on OI
projects. An important part of the interview was dedicated to the project descriptions,
where interviewees were asked to explain the OI practices and sub-practices they
utilized and defend their choices. In addition, the secondary data concerning OI
projects was made available by firms. These in-depth interviews were crucial to
identifying and better understanding the contextual factors that influenced the choices
OI practices. Thus, the selected innovation project was defined as the unit of analysis
(Miles and Huberman, 2003). In addition, various types of documentation related to
the OI projects (e.g., letters, progress reports, other personal or administrative
documents) and archival records (e.g., reports on sales, survey data, customer
feedback) were included in the empirical data.

In this study, the data was analyzed from a triangulation perspective to improve the
construct validity; multiple sources of evidence provide multiple measurements of the
same phenomenon (Yin, 2009) and can indicate that independent measures of this
phenomenon are consistent and not contradictory (Miles and Huberman, 2003). The
first step of the data analysis involved conducting a structural content analysis
(Rothkopf, 2009).

To systematize the data analysis, a coding scheme was developed. This way to
analyze data is often considered as a criterion of reliability and validity. We applied a
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deductive procedure to develop the categories. The categories have been defined
before the data collection based on the theoretical framework of the research.
However, the procedure was iterative, some codes have been modified or sub-
categories were added based on the collected data. A multi-stage categorization and
coding process was used in this study at different level as suggested and applied by
Rothkopf (2009). Firstly all the text passages from the set of documents having a link
with the themes have been highlighted. Next, the text passages, words or sentences
fitting the indicators and dimensions from the coding scheme (Rothkopf, 2009) were
coded. After a first coding, the codes have been reviewed a first time. Next, a
computerized method of qualitative data analysis has been used. Among the softwares
available on the market, Atlas.ti (V4.2). Once a stable coding scheme was obtained,
the codes have been categorized to reduce the amount of codes and facilitate the
analysis.

A within-case analysis and a cross-case analysis were performed to reveal the
similarities and differences between the cases and to derive patterns (Eisenhardt,
1989; Rothkopf 2009). A display of the data was constructed to allow users to draw
valid conclusions from these data (Voss et al., 2002). Two matrices were built to
describe the cases that were examined in this study. The first matrix presents each
firm’s “identity card”. The second matrix describes the innovation project of interest,
the actors that were integrated into this project, and the OI practice that was
implemented with each actor, including the underlying reasons. Finally, a
standardized table was created for each case.

Several measures were taken to ensure greater validity and reliability within this
study. Construct validity has been improved by using multiple sources of data and by
obtaining a review from each corresponding study respondent (Yin, 2009). Internal
validity was improved by focusing on data creditability. We actively involved the
respondents in reviewing our results and thus reduced the likelihood of
misunderstanding (Yin, 2009). Addressing external validity (generalizability) is
challenging with a case study approach. However, the primary aim was to obtain
analytical generalizability (i.e., generalizability from empirical observations to theory
rather than extension to a population). Therefore, we did not attempt to generalize the
results beyond the sample under investigation. Finally, to further increase reliability
and thus enhance transparency and the likelihood of replication, we constructed a case
study protocol and a case study database. This database included case study notes,
documents, and analysis (Yin, 2009).

4. Results

4.1. OI practices

Our results reveal that the services SMEs in our sample primarily integrate external
resources for internal development. More specifically, we identified four prevalent
modes of inbound OI in our case companies.

Public organization and university collaboration: According to a respondent from case
company 2, “Two universities are close to us. They performed R&D for us (...) we
simply used a contract with them for R&D outputs”. They said that because
universities can be specialized knowledge holders with no interest in competing with
SME:s, it was typically easy to establish and maintain relationships with them. Case
company 1 utilized another mode of collaborating with experts in a university. They
explained, “It was simply a funded project at the University; the PhD received a
grant”. In certain cases, it was also possible to utilize public organizations as
facilitators for establishing collaboration with a university. A respondent from case
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company 7 shares, “They accompany us permanently (...) They get us in touch with
the University (...) During the entire project they followed us (...) Even when we
didn't need them (...) They help us to build the demand for the DGO6 and to meet
them...".A respondent from case company 1 also explains, “Our project has been
accepted for funding by the state, but they followed us during the entire process.”

In-licensing technologies: To drive innovation outputs, SMEs also explored a well-
known mode of technology and knowledge integration, which relates to in-licensing
resources. The basic idea for most case companies was to gain access to
knowledge/knowhow, which is not possible to develop internally due to lack of time,
resources or competence. A respondent from case company 5 explains, “The supplier
had the patent for an element we needed, and thus, their knowhow was in-licensed”.
In certain cases, SMEs’ networks were used to scout for technology that was
necessary for innovation. A respondent from case company 8 explains, “The first
supplier told us that we would need this type of supplier, and they proposed that we
use this supplier that is one of their partners.” Formal procedures for in-licensing
technologies were identified within the case companies. For example, a respondent
from case company 16 stated, “The supplier has been selected based on a call for
tender (...) he was selected and supplied the equipment to operationalize the
technology.”

Co-development with customers: Customer involvement was found to be widely
prioritized in in-bound OI practice. Several market intelligence approaches were
employed to capture customer needs early in the innovation process. Case company 3
explains, “We ask them (particular customers); we call them and we ask them their
opinions; we ask them to send us their comments, the problems they faced (...)".
Similarly, a respondent from case company 8 shares, “The aim was to discuss with
them to know what they want, what interested them (...). (After the meeting) we
knew what they wanted, what we should integrate in our offer”. Respondent from
case company 13 explains, “The customer that proposed to us this idea, he was
integrated during the entire project to give us feedback (...)”. In addition to capturing
the needs and expectations of customers, our case companies also conducted activities
that elicited regular feedback during different stages of development. They argued
that early and regular testing and validation were practices for reducing the risk of
developing a misfit service or process. A respondent from case company 15 explains,
“Customers simply tested the service for free and gave us feedback. We made some
changes, and then, they tested the service again (...).

Informal and formal networking: Utilizing network relationships was a central
practice for our case companies. It enabled them to expand the scope of technologies
and knowledge, which can be integrated in the early innovation process. Two forms
of networking were found during our analysis. Certain SMEs preferred to work in a
more informal network structure. A case company 17 respondent explains, “Our
external network partners (especially other SMEs) needs us, and we need them (...) It
was an open collaboration, similar to the case with the University”. In other cases,
more formalized structures were used. A case company 16 respondent states, “We
(the company and 3 competitors) made a joint development project, and each partner
brings its own expertise, as mentioned in the contract”. Similarly, a respondent from
case company 9 states, "They deliver the software (...) we also signed a collaboration
contract where we co-developed something".

In contrast to inbound OI, none of the eighteen OI projects in this study considered
the implementation of outbound practices. The respondents explained that they
implemented OI practices “(...) because we do not have enough resources internally
to achieve interesting innovation projects (...)”. In the current context, the firms were
unable to generate competitive ideas and/or technologies because “(...) there are
more ideas in a region than in our company, so we can profit from ideas that exist
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outside our company”. However, the service SMEs in our sample did not perceive
that they would be likely to benefit from outbound practices. Generally, outbound
practices were considered risky and complex: “(...) if I share our ideas or
technologies with the world, what will be the benefit for my company?” and “(...) how
can I manage this type of relationship? I have to maintain control of information
sharing (...)”.

The data revealed that certain factors influenced the firms’ decisions to engage
primarily in in-bound OI rather than outbound OI. These factors are associated with
firm size, industrial setting, and knowledge intensity.

Firm size: A common reason for the decisions of all our case companies was related
to their size, which limited their scope to invest in outbound-oriented practices. A
respondent from case company 5 explains, “We know it is a possibility, but, well, it is
maybe more complex than what we currently do... You know, we are a very small
structure, and we do not have any time or money to engage in the learning process
and this ... well, in this form of collaboration, it requires a lot”. Respondents from 4
case firms also validated the limitations due to firm size: “Well, OI is interesting, but
is it still beneficial for us if it requires investment; and when I say ‘investment’, that is
financial but it also means time, resources (...) That is my opinion, and it could
explain why we mainly use external technology: It is easier”. “We spend a lot of
money (regarding the number of people working for us) on innovation, so I will not
reveal the information or the resources outside the company (...) I think that large
companies can do that because they have structures, they can engage lawyers, but in
our case, it is impossible”. Certain respondents also expressed concerns about losing
control over their technologies through outbound OI practices. For example, “We fear
losing control over what we develop, and I don't see how we could see the benefit of
such a practice (...) you know, we are not ... I mean, we don't have a legal
department as do large companies, and we do not have any procedure to, for example,
capture the benefit that could be generated by this type of practice (...).” In other
cases, size inhibits case firms from experimenting with outbound practices because
they did not fit will with their strategic orientation. One respondent from case
company 5 explains, “We sell our development (...) our small company cannot
develop something and let it sleep (...) when we develop something, we need to
commercialize it to our market quickly”. Moreover, managing and evaluating the
value of technology or know-how is a challenge for case companies. “It’s too
complicated for us (...) we cannot manage such activities in a very small company.”

Industrial setting: Respondents highlighted that the industrial conditions inherent to
services compared to products create challenges for SMEs to enforce knowledge
protection. According to a respondent from case company 8, “It is very simple. In our
sector, we have limited protection, or it is very difficult. So, if we implement
outbound practices, will there be additional risks for us?” Several respondents also
questioned the possibility of taking advantage of their internal knowhow through
outbound practices. “The activity you mentioned (outbound) is also more relevant for
companies that produce goods (...) these companies can better protect their
innovations than we can”. Another respondent added, “If there is a way to protect a
service as goods are protected, I may try, but for now, it is not possible (...) well,
that’s my opinion”. Other respondents questioned the possibility of capturing value
through selling their knowhow without hampering their competitiveness in existing
markets. One respondent explains, “Well, thinking about outbound, I foresee that
when we have an idea, we want to develop it ourselves, or at least in cooperation to
get the benefit from it (...) and if we invest in development and then we sell to other
companies or organizations, it is too risky because it is very difficult to capture value
of these developments ... but I think it is very specific to our sector of activity and to
the fact that I manage a small company”.
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Knowledge intensity: With rapid changes in technology and the high demand for
companies to operate in a high-tech industry, most case companies preferred to
explore inbound OI rather than outbound. One respondent explains, “We prefer
collaboration with external partners. The main objective is to get access to their
resources, knowledge, information—and what you are speaking about does not allow
us to reach this objective. In our sector (IT consulting), we need a lot of knowledge
and information to achieve an innovation project (...)". Due to increased knowledge
intensity, the respondents’ view was that outbound OI practices were limited for
them. "We are interested in external knowledge, but we don’t want to share ours with
others.” Another respondent adds, “Simply because we want to get access to others’
resources and not really to share ours (...) It is too risky (...) and people will not
share more information or knowledge that could be interesting for my company
because I share my ideas or development.”

4.2.  OI sub-practices

The ways in which service SMEs practice inbound OI were then observed. These
firms appear to practice the two processes linked to inbound practices: acquiring (“In
this case, we collaborated by using a well-defined contract involving agreements
concerning the terms of trade,”) and sourcing (“ (...) by discussing with a potential
partner (at this time), we discover that it was possible to work together in a less
formal way as each one borrows something crucial for the innovation project’). We
found that the process of acquiring was practiced in the majority of cases (17 of 18
projects), whereas sourcing was practiced in only half of the projects.

The mix of openness in service
SMEs

6%

B Mix of acquiring

. and sourcing
/ 39%
|" \ OAcquiring
55% \

B Sourcing

Fig. 1. The mix of openness in service SMEs

To classify a firm’s OI activities between sourcing and acquiring, we focused on the
degree of formality of the collaboration (using a contract, setting a price) and the
extent to which the firm had the freedom to access, add and modify the external
resources, as suggested by Wikhamn (2013). For example, case company 6
collaborated with a company from another sector, and the manager said, “We share
our knowledge and our resources without limitation because we need each other to
achieve the project (...) Our collaboration was totally transparent; both partners had
the possibility to freely use the resources provided by the other”. The manager of case
company 17 mentioned, “We collaborate with this association, and because we
needed each other, we were able to collaborate without limitations or a contract to
control each other (...) they provided us information and feedback on the service (...)
they always have access to the information regarding the project (...) finally, they
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have the opportunity to use it without any restriction”. These collaborations were
classified as sourcing practices. On the contrary, the manager in the first case
company said, “With the university, it was formal (...) we present our need and they
develop the interface (...) we never get access to the source code and access to their
knowledge was limited to the use of the interface”. Case company 7 has also adopted
acquiring strategies with a supplier: “We need access to their patent (...) we only get
the right to use the technology. If modifications were required, these modifications
had to be performed by their care (...) our use of their technology was limited and
contractual”.

More specifically, we identified three reasons why case companies were inclined to
engage in acquisition instead of sourcing sub-practices.

Types of external relationship: We found that across different types of external
partnerships, SMEs preferred to work in a formal rather than an informal
arrangement. A respondent explains the relational conditions when they acquire
knowledge from supplier: “It is a standard (...) we never think to work differently. It
is easier and less risky when everything is anticipated in a contract. It prevents
managerial problems, and when there is a problem, we know how to solve it". Other
respondents’ sourcing conditions were similar: “We always work like that with our
suppliers. We also prefer this situation because it prevents a situation in which they
want to be too involved in the project (...) they could get information that we wanted
to keep for ourselves and use it on another project. Well, in an unfair way.” We also
found a similar perception of engaging in inbound OI practices with other partners,
such as competitors and external consultants. For example, a respondent from case
company 8 explained, “We use formal practices simply because there still exists a
risk... they are our competitors, so even if we work together-and we work hardly
together on an entire project-we cannot take any risks (..)”. With regard to
consultants, a respondent stated, “They propose a service. They are generally
specialized in a preview, and to get access to this service, we have to pay and sign a
contract. I don't see other explanations. It is not a question of risk management, like
some cases, because consultants are, I think, very reliable”. Thus, the above examples
depict the concern shared by case companies. Regardless of the types of external
relationships, respondents preferred acquisition practice.

Firm vulnerability: SME respondents did not rule out the likelihood of sourcing but
explained that acquisition provided them with a lower possibility to be vulnerable to
opportunistic behavior. For example, statements like “Why would we use a contract?
Simply to avoid a situation in which our partner chose to use information on another
project or take information to leave the project.” Another respondent shared a more
resource-driven reasoning: “We are a small company with limited resources.
Contracting is the only way to avoid traitors.” Similarly, “by anticipating potential
problems and how to solve them in the contract, it partly protects us (...) Our small
company cannot invest in a project and take the risk of never getting the financial
benefits because the partner is an opportunist (...) I know that there is still a risk, but
by knowing the potential sanctions, he could think twice before acting as an
opportunist.” Thus, generally, the case companies (i.e., SMEs) had a reserved internal
view on their ability to manage informal relationships due to limited resources.

Lack of relational skills and competences: We found that to be able to manage formal
and informal relationships required the development of relational skills and
competencies. This presents a challenge for case companies; one respondent explains,
“Maybe large companies that have a lot of departments with managers with lots of
skills can practice OI in another way than we are doing it, but in our case, I cannot
really imagine...” Therefore, reliance on contracts and formal structures was viewed
as compensating for a lack of relationship management ability. One respondent states,
“The contract is just there to keep control of the relationship, to avoid having a
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partner become too important (...) we have to stay focused on the innovation project
and our objective.” Another respondent suggested that if contracts were not used to
manage relationships, a high level of trust needed to be established. “I think that to
collaborate without a contract, there is a need for high trust, and it costs a lot of time
and resources and thus a financial investment to build a strong relationship with our
partner.”

Perceived complementarities: We found that when case companies collaborated in
projects where both parties complemented each other’s knowhow, it was easier to
perform a task in a sourcing mode. A respondent explains, “With such partners, it was
possible to work without a contract because we were sure that they needed us to
realize the project. There are perhaps one or two companies that could help them, but
they could never reach the level of quality that we reached...It is also a protection.”
Complementarity between partners provided a safety net to both actors because they
needed each other to complete the project and reach the common goal. “They had the
technology, but they didn’t have the knowledge. We had the knowledge, but we
didn’t have the technology. It was impossible to work alone to achieve the
innovation.” Similarly, another respondent suggested, “We can use an informal way
to collaborate, but we have to be sure that our partners need us at least as much as we
need them to achieve the new services...” However, such specialized relationship
conditions for inbound OI practice were not largely common for our case companies.

5. Discussion

OI is widely recognized as the next-generation innovation model for firms and a
viable approach to secure a future competitive advantage. However, the examination
of OI practices and sub-practices in the service industry is a largely understudied
research area. Most prior studies have predominantly focused on manufacturing firms
(Evangelista and Savona, 2010; Trigo and Vence, 2012; Parida et al., 2014). We
argue that service firms are different with regard to OI adoption because of their
service-related characteristics and underlining organizational structures, such as
intangibility and close customer involvement. Therefore, to further advance our
understanding of service firms’ adoption of an open perspective of innovation, we
address two key questions. First, how do service firms adopt OI practices and sub-
practices? Second, what are the factors that influence the selection and adoption of OI
practices and sub-practices? Figure 2 provides an illustrative explanation of
relationship between OI practices, sub-practices and respective contextual factors.

Our results revealed that service SMEs primarily adopt inbound practices rather than
outbound practices. This would imply that like manufacturing firms (ven der Meer,
2007), service firms are also inclined to use inbound OI practices. However, the
underlining reasons for such selection may be different for service firms. We argue
that underlying characteristics associated with offering services may partially explain
such preferences. For example, due to intangibility, services are difficult to formally
protect, whereas outbound practice is generally associated with the use of patents
(Harhoff et al., 2003). Similarly, heterogeneity also makes it more difficult to deliver
exactly the same service value, which makes it challenging to go outbound through
creating spin-offs or selling to other firms (Wilson et al., 2008; Dahlander and Gann,
2010). The need is also higher to be customer-centric for service innovation (Johnsens
et al., 2006), which makes it challenging for service firms to engage in outbound OI
practices. Service offering and service innovation are much more complex because
they require interaction with customers and, sometimes, multiple network actors
(Chae, 2011). Consequently, firms that operate in such an environment seem to prefer
a ‘formal’ (or controlled) process to an informal (or ‘libre’) process. Finally, service
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firms are less likely to invest in R&D (Alic 2001), whereas outbound OI is generally
adopted by companies to take advantage of un- or underexploited internal
development(Chesbrough 2006).

OI practices OI processes
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Fig. 2. Factors influencing the practices and sub-practices implemented by services SMEs

With regard to inbound OI practices, we find evidence for both sourcing and
acquiring sub-practices. We found examples related to university search grants,
contracted R&D, in-licensing, formal joint development and financed projects to be
prevalent acquiring activities for service firms. Similarly, our case firms were also
engaged in informal networking, customer co-creation and co-development, and
public organizational funding as sourcing activities. On a more detailed level, we find
that only a low number of our case firms found sourcing to be relevant for driving
innovation, whereas the majority opted for acquiring processes. However, a
reasonable number of case firms preferred a mixed approach for OI processes. These
results highlight the importance of acquiring and sourcing external inputs for service
SMEs. Thus, our results build on limited prior studies that have attempted to better
understand the OI practices and sub-practices of SMEs (Laursen and Salter, 2006; van
de Vrande et al., 2009; Parida et al., 2012).

In addition, we identified three contextual influences on our case firms’ decisions to
engage in inbound OI practices. These factors are related to firm size, firm industry
and knowledge intensity on the market. Firm size, to a large extent, represents the
availability of resources, which is generally limited in case of small service firms.
This would imply that small service firms could engage in selective OI practices and
may find it more beneficial to access external resources through inbound practices
(e.g., networking) than more complex and resources-intensive outbound practices. For
example, outbound OI requires financial resources for the implementation of a
structured procedure for the identification of alternative technology applications.
These activities involve complex coordination and high levels of managerial
resources (Narula, 2004; van de Vrande et al., 2006; Bianchi et al., 2010). Thus, firm
size partially explains why outbound practices are more frequently employed by
larger firms than by smaller firms (Narula, 2004). Second, we agree with prior studies
that suggest that a firm industry influences OI practice adoption (Chesbrough and
Crowther, 2006). For example, manufacturing firms are more likely to practice R&D
outsourcing and IP out-licensing relative to firms from another industry (van de
Vrande et al., 2006). Outbound practices are often compared to the use of patents
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(Harhoff et al., 2003). We find that service SMEs are less likely to be interested in
such OI practices. Moreover, some outbound practices are associated with a risk of
deviant behavior, and the difficulty in protecting their innovations often explains why
service firms consider outbound OI to be a risky undertaking (Rubalcaba et al., 2010).
Transaction costs can be another obstacle to the practice of outbound processes,
according to (Dahlander and Gann, 2010). These costs may be higher because of the
intangible and heterogeneous nature of services. In other studies, (Tether, 2002) and
(Salavisa et al., 2012) have suggested that there are differences between service firms
in different sub-industries. However, in the present study, no differences between
high-tech and knowledge-intensive service industries were identified. Finally,
consistent with previous research, the present study found that knowledge intensity is
another factor that may explain a company’s choice to use inbound OI (Gassmann
and Enkel, 2004). This factor could also partially explain the contradictory results that
have been revealed regarding the influence of technology intensity. It has been
observed that technology intensity may affect the implementation of OI in firms
(Miotti and Sachwald, 2003). In particular, firms in high-tech industries have been
found to engage more frequently in integrating external resources through OI. In
contrast, the results of Gassmann and Enkel (2004) suggested that firms that practice
inbound OI are typically firms from low-tech industries that seek to acquire
technologies complementary to their current capabilities. All of the firms that
participated in the current study are active in an industry that requires a high level of
knowledge (which may be combined with technology). Therefore, these firms may
resort to inbound OI because their internal knowledge may not always be sufficient to
meet their innovation needs (Gassmann and Enkel, 2004). Thus, the above three
contextual factors largely explain the inclination towards inbound OI practices.

Further analysis reveals additional contextual factors that influence the decision to
select and implement OI sub-practices associated with acquiring and sourcing. First,
the type of external actor involved, such as suppliers, competitors, consultants, and
public business promotion programs, may influence the company’s choice between
OI sub-practices. We find that acquiring may be practiced to limit the involvement of
external actors or to provide protection against potential opportunistic behavior
because risk and trust are two components of decision-making (Josang and Lo Presti,
2004). Alternatively, acquiring may simply be linked to a collaborator’s market
position. Sourcing is generally practiced among organizations that are linked to public
services because the inherently low risk associated with this type of actor generally
promotes collaboration between different organizations (Parida et al., 2014). There
appears to be no consistent pattern with respect to the chosen OI processes that
involve customers, other firms, and universities. The second factor that we identified
was the vulnerability of firms. Compared with larger firms, SMEs are more
vulnerable to opportunistic behavior!(Nooteboom 1993; Dickson et al., 2006). The
risk of opportunistic behavior motivates firms to allocate funds and resources to
control and monitoring activities, even when such resources could have been
allocated more efficiently (Wathne and Heide, 2000). This phenomenon thus explains
SMESs’ frequent use of the more formal OI sub-practice of acquiring. However, it has

" Opportunistic behavior is generally defined as “self-interest seeking with guile”
(Williamson, 1985). Two types of opportunistic behavior have been identified by Bass and
Avolio (1997): the voluntary hiding of various information during the initialization of a
relationship and different types of violations that may occur during the relationship (Wathne
and Heide, 2000). The vulnerability of SMEs to opportunistic behavior is based on the
assumption that larger firms have more transaction actors and are thus less sensitive to
opportunistic behavior from any of these actors (Nooteboom, 1993)

http://www.open-jim.org 122



Journal of Innovation Management Virlée, Hammedi, Parida
JIM 3,2 (2015) 106-130

been suggested that an “excessive” use of contracts can have a negative effect on a
firm’s innovative performance because such heavy contract use leads to lower levels
of flexibility (Wang et al., 2011). Third, the managerial skill deficiencies are also
important factors for service SMEs: These deficiencies lead service SMEs to use
acquiring processes to address the risk of opportunistic behavior. Indeed, Wathne and
Heide (2000) presented solutions® for the risk of opportunistic behavior. However,
because SMEs lack managerial skills, these firms may have trouble implementing
these practices. Thus, the use of formal agreements may appear to be the only solution
for facilitating innovative collaboration. Finally, the extant complementarities
between an SME and external actors have been identified as influencing acquiring or
sourcing decisions. Resource complementarity has been emphasized as a factor that
exerts a positive influence on reciprocal commitment (Sarkar et al., 2001). Although
perceived complementarity may not have a direct effect on trust (Sarkar et al., 2001),
this perception may indirectly affect trust by making the actors in a collaboration
aware of their mutual interests. Indeed, perceived complementarity has been
identified as a factor that affects the choice between formal and informal modes of
cooperation (Hakansson and Johanson, 2002). In the absence of perceived
complementarities, such companies will choose to practice acquiring. If actors
perceive their resources as complementary in nature, then sourcing (which is a less
formal OI practice compared with acquiring) can be adopted because this OI practice
increases reciprocal commitment and because SMEs will not regard the use of a
contract as a necessity.

Taken together, understanding of OI practices, sub-practices and contextual factors
provides insights towards routines (Enkel et al., 2010) and capability-based view
(Helfat and Peteraf, 2003; Enkel, Gassmann et al., 2009)). Adoption of OI by service
SME:s follows a specific approach where certain routines more preferred and feasible
to secure future innovative competitiveness. Moreover, selection of inbound OI and
diverse sub-practices largely depends upon several identified contextual factors.
These factors influence the extent to which service firms can benefit from adaptation
of OI. Though taking a holistic perspective towards OI adaption for service firms, we
can better explain which practices or routines firms should strive to develop in order
to open their innovation process. If successful, OI practices and sub-practices can act
as microfoundations for development of dynamic capability (Teece et al., 1997),
which would provide necessary flexibility to cope with changing market environment.
Thus, we argue that our study holds theoretical implications towards capability
literature, which have not been widely understood in relation to open service
innovation.

6. Practical implication, limitation and suggestions for future
studies

These results also have implications for CEOs and innovation managers in service
SMEs. We argue that managers need to better understand the complexities associated
with selecting and adopting OI practices and processes. The results of this study
indicate that different Ol processes are chosen within different contexts. This
knowledge could help managers to determine whether they should practice outbound
OI, inbound OI, or a mixture of both types of OI. Moreover, based on our analytical

% These solutions include monitoring, the use of incentives, the appropriate selection of
actors, and socialization.
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results, a manager could consider whether to engage in acquiring or sourcing based on
the full understanding of the firm’s specific needs. We would suggest that depending
upon contextual factors such as the type of external actors, the level of vulnerability,
the managerial skills and the possibilities for complementarity, they should choose
acquiring or sourcing processes.

This study offers a significant contribution to OI research. However, as with all
studies, the results must be interpreted with consideration of certain limitations. First,
this research investigated eighteen service SMEs from knowledge-intensive and high-
tech service industries. Thus, we make no claims regarding the generalizability of our
findings; rather, we have focused on advancing a deeper understanding of OI
adoption in service firms. Moreover, we may observe variations in the results in the
context of less knowledge-intensive service industries, such as financial services.
Therefore, future research may emphasize the potential similarities and differences
between various service industries with respect to OI adoption.

Second, the framework that was used in our study to classify OI practices and sub-
practices was based on the recent study by (Dahlander and Gann 2010), who
recognized two Ol practices and four associated sub-practices based on an extensive
literature study. This framework can be further expanded through the addition of new
dimensions for deepening our understanding of OI adoption.

Given that firms evolve and can become more engaged in OI practices (van de
Vrande, de Jong et al. 2006), the OI paradigm may become the rule rather than the
exception. Thus, it could be interesting to investigate how the choice of OI practices
and sub-practices evolves among the service firms. In fact, as OI practices become
better known, documented, and common, SMEs could choose outbound OI in more
extensive ways. Thus, longitudinal studies are required to further advance our
understanding of the under-researched topic of open service innovation.

This study emphasized that service SMEs do not choose the processes of revealing
and selling (which are both outbound OI practices). Further investigations should
identify the situations in which service SMEs could select these two OI processes,
which have been shown to result in revenue generation.

Finally, a large-scale quantitative examination of service SMEs should be performed
to confirm the qualitative findings of the current study. This type of research could
confirm the results and provide insights for explaining some contradictory results,
such as the “non-influence” of the project type and project novelty on the choice of
innovation processes and practices.

7. Conclusion

In conclusion, we contribute to emerging OI literature and capability literature by
providing insights into the way service firms can implement practices and sub-
practices to use external resources for innovation. Our results show that service firms
are inclined to prefer to use external resources for internal development rather than
sharing internal resources externally. Based on in-depth analysis, we also found
indications for several contextual factors that largely explain the tendency to engage
in certain ‘controlled’ and/or ‘libre’ sub-practices. Thus, we encourage innovation
management researchers that are interested to advancing OI literature to further
pursue the topic of open service innovation.
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Appendix
Appendix A: Sample description
Case . L Interviewee Degree of .
Service sector Firm size o Innovation type
No position novelty
High-tech, knowledge- Incremental . .
1 [ MAp—" Small Founder TH— Service innovation
2 High-tech, knowledge- Small Founder Radical Process innovation
intensive services innovation
3 ngh-tech ! know!edge- Small Mgnagmg . Radlcgl Service innovation
intensive services director innovation
4 H|gh-tech, know!edge- Small Tephmcal . Rad'C‘T’" Process Innovation
intensive services director innovation
Knowledge-intensive
5 ELGHEEREES Small Manager etz Process Innovation
(excluding high-tech and g innovation
financial services)
6 High-tech, knowledge- Micro Manager Radical Service innovation
intensive services innovation
High-tech, knowledge- Radical . .
i intensive services il e innovation SERIER (L a)
8 High-tech, knowledge- Medium CEO _Radical Process Innovation
intensive services innovation
Knowledge-intensive
market services . Incremental . )
9 s Small Director . . Service Innovation
(excluding high-tech and innovation
financial services)
10 High-tech, knowledge- Small Manager Incremental Process Innovation
intensive services innovation
High-tech, knowledge- : Incremental L .
11 s Micro Founder T— Service innovation
Knowledge-intensive
12 market services Small Manager Incremental Service innovation
(excluding high-tech and 9 innovation
financial services)
13 AT R, S - Small EUETEES [zl Service innovation
intensive services Manager innovation
14 High-tech,knowledge- Micro Founder _Radical Service innovation
intensive services innovation
15 H'%T::;C’ekzg\xiiige' Small IT manager I?:r:gczgﬁl Service Innovation
16 High-tech, knowledge- Small Manager Radical Process Innovation
intensive services innovation
17 Al R, M - Medium LTI [zl Process innovation
intensive services Manager innovation
18 High-tech, knowledge- Small Founder Incremental Service innovation
intensive services innovation
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Abstract. In this paper, a bibliometric analysis about open innovation research
is developed, covering the period of 2003-2013 (using the Scopus database) and
carried out in three steps: 1) characterization of the research on the main trends
of open innovation; 2) analysis of the theoretical influence on the open
innovation research; 3) analysis of the influence of open innovation literature on
other research areas and disciplines. The main conclusions are: open innovation
research is mostly focused on the analysis of the U.S.A. and European countries
reality; analysis by time periods shows an increase on the number of target
countries and regions of open innovation research; the origins of open
innovation were influenced by several areas of economics and management,
developed over the last decades; there is a lack of research regarding open
innovation outside the firm environment, such as in clusters/networks,
innovation systems, public policies or at individual level; open innovation
research is influencing a growing number of areas outside business,
management and engineering; new research methodologies should be used by
open innovation scholars in order to deepen the existing knowledge.

Keywords. Innovation, Open Innovation, Research Trends, Research Areas,
Open Innovation Impact, Bibliometric Analysis, Theoretical Review,
Theoretical Influence, Influential Authors, Time Periods, Longitudinal
Analysis.

1. Introduction

The topic of open innovation has been one of the most discussed ones within the
innovation management literature, receiving increasing attention in areas such as
economics, psychology, sociology and culture (Huizingh, 2011). Existing literature on
innovation has shown that changes in global economies in the recent decades (e.g.
global competition, costs and risks associated to innovation activities, more qualified
human resources, greater mobility of knowledge, etc.) have changed the way
organizations manage and develop their innovation process (Chesbrough, 2003,
2006). In the last decades, scholars have acknowledged the growing importance of the
collaboration of firms with external partners, the access to external networks, the
incorporation of ideas and knowledge from various sources (internal and external), as
well as the development of business models better suited for a more open reality in
the innovation process (Chesbrough, 2006; Teece, 2007). Furthermore, the
exploitation of technologies and ideas in the market and a more open and flexible
approach of intellectual property are trends that companies and other organizations
should look at, with more attention, in order to create value, taking advantage of the
opportunities offered by the global markets of research and innovation (Helfat and
Quinn, 2006). In 2003, based on the analysis of the economies’ main trends, on a
global level and also in innovation practices and processes of some firms, Chesbrough
advanced with the concept of open innovation:

“Open innovation means that valuable ideas can come from inside or
outside the company and can go to market from inside or outside the
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company as well. This approach places external ideas and external
paths to market on the same level of importance as that reserved for
internal ideas and paths to market during the Closed Innovation Era.”
(Chesbrough, 2003, p43).

Later developments were made to this initial definition, particularly by Chesbrough
(2006) and Chesbrough and Bogers (2014), which introduce the issue of pecuniary
and non-pecuniary mechanisms associated with knowledge flows (following the work
by Dahlander and Gann, 2010), stressing the importance of taking into consideration
the existing business models:

“...we define open innovation as a distributed innovation process based
on purposively managed knowledge flows across organizational
boundaries, using pecuniary and non-pecuniary mechanisms in line
with the organization's business model.” (Chesbrough and Bogers,
2014, p.17).

This definition reinforces the importance of managing knowledge flows (to and from
the organization, or both) and considers that spillovers of research and development
(R&D) and of innovation activities can be managed intentionally by organizations,
through various research processes and appropriation of external knowledge and its
incorporation into internal innovation activities, as well as through the outflow, to the
external environment, of the knowledge unused by the organization (Chesbrough and
Bogers, 2014). Thus, after the initial concept introduced by Chesbrough, research
articles, in academic literature, have enlarged the original concept of open innovation.
However, different definitions have been employed, leading to a conceptual and
empirical ambiguity that has hindered the creation of a coherent body of knowledge
about open innovation (Remneland-Wikhamn and Wikhamn, 2013). This paper aims
at contributing to the better understanding of the open innovation paradigm by
obtaining a global and comprehensive "state-of-the-art" view of the research
conducted during the last ten years in the field of open innovation (2003-2013), using
bibliometric analysis as a tool. For de Bellis (2009), bibliometrics:

“..stresses the material aspect of the undertaking: counting books,
articles, publications, citations, in general any statistically significant
manifestation of recorded information, regardless of disciplinary
bounds ... applied to scientific and technical literature.” (de Bellis,
2009, p.3).

In recent years, there has been an increasing use of bibliometrics to analyze research

trends, whether in social sciences or in other sciences in general', helping to explore,
organize and analyze large amounts of information and assist researchers to identify
patterns in the literature produced (Silva and Teixeira, 2009). Thus, bibliometric
analysis can be used to clarify the main aspects and trends of open innovation
research. Although there are some (few) bibliometrics studies on open innovation, this
paper goes even further than other analyses on open innovation research (e.g.,
Chesbrough and Bogers, 2014; Remneland-Wikhamn and Wikhamn, 2013; Salvador,
Montagna and Marcolin, 2013), as it provides an integrated and comprehensive
approach of what is being researched, the main theoretical influences, including the
areas where open innovation is having a higher influence. Most of these bibliometric
studies focus only on one of these areas, not providing a global perspective on the
open innovation research. For example, Remneland-Wikhamn and Wikhamn (2013)
use bibliometric analysis to relate several concepts of open innovation under the firm
and ecosystem perspective. Salvador, Montagna and Marcolin (2013) apply cluster
analysis on open innovation articles, proposing a classification of the key features

! For further analysis on this issue, see the works of De Bellis (2009) and Barman, Hanna, and LaForge
(2001).
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associated with SMEs. The analysis of Chesbrough and Bogers (2014) offers a
general characterization of open innovation research and points to future development
areas, not integrating the different research perspectives.

Thus, as an original contribution, this bibliometric analysis provides an integrated
approach, identifying: 1) the main trends in open innovation research over time, on a
global perspective (researched themes; methodologies used; geographical areas; focus
of the analysis); 2) the main theoretical influences on open innovation literature,
analyzing the main references and the open innovation literature most cited authors;
3) the influence of open innovation literature on other research areas, i.e., the
characterization of articles that cite open innovation related articles the most and the
analysis of the most influential authors and open innovation articles.

Another distinguishing feature of this paper is related to the mixed methodological
method used: a longitudinal analysis, allowing the comparison of open innovation
research characteristics by time period; a text analysis (using software programs)
applied to the most cited articles by open innovation literature (references),
identifying theoretical trends over time that influence open innovation research; a
content analysis of open innovation related articles and of the articles citing those
articles, allowing the characterization of current research and their influence on other
research areas. Thus, this paper intends to fill the gap related to the abovementioned
issues, contributing to a better understanding of the open innovation field.

This paper is organized as follows: description of the methodology used (section 2);
in section 3, analysis of the main open innovation research trends by time period
(2003-2009; 2010-2013; 2003-2013); in section 4, analysis of the theoretical
influences on open innovation literature, by time period; in section 5, analysis of the
influence of open innovation research on other areas, by time period; in section 6,
discussion of the main results of this study and conclusions.

2.  Methodology

For this bibliometric study, data was extracted on January 29" 2014 from the Scopus
database-the main worldwide database with regards to the number of scientific
publications2 - and the analysis held on the 30" and 31* January 2014°. The rationale
behind the choice of Scopus as a means of data extraction is twofold: 1) Scopus is the
largest academic database, integrating nearly 21,000 titles from more than 5,000
publishers, of which 20,000 are peer-reviewed journals (with 2600 open access
journals), 390 trade publications and 370 collections (altogether about 5.5 million
articles available) - in addition, Scopus distinguishes itself from its main competitor
(Web of Science) by gathering "Articles-in-Press" (i.e. not yet published articles),
available from over 3850 journals and publishers (e.g. Cambridge University Press,
Elsevier, Springer, Wiley-Blackwell, Nature Publishing Group and IEEE)’; 2)
concerning open innovation published articles, Scopus has a bigger database than
Web of Science (339 articles with the term “open innovation” in their title, against
205 of Web of Science), covering 81% of the articles appearing in Web of Science,
i.e., 166 out of the 205 articles of Web of Science about open innovation also appear

in Scopus®. Thus, Scopus offers a larger database of articles on open innovation,

2 http://libguides .hsl.washington.edu/content.php?pid=439591&sid=3614877.

3 Data were updated in August 2014.

* Data for January 2014.

S www elsevier.com/__data/assets/pdf_file/0007/148714/scopus_facts_and_figures.pdf.

® This analysis was done by combining the 339 articles listed in Scopus and the 205 listed in the Web of
Science. For this analysis, it was used the Excel program.
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covering almost all the articles appearing in the Web of Science database. The articles
chosen for download (from Scopus) were those, which had the term “open
innovation” in their title, thus avoiding analysis dispersion with articles that may not
have open innovation as their main focus, in spite of analyzing related areas.

Bibliometric analysis of open innovation was carried out in three steps, following the
methodology used in other bibliometric analysis (e.g. Teixeira, 2014):

* Step 1) characterization of the main trends of open innovation research, from
the analysis of the aforementioned 339 articles published in Scopus (of which
327 were validated), that included the term "open innovation" in their title
(articles published up to December 31, 2013);

¢ Step 2) identification of theoretical influences on open innovation research,
based on the analysis of the references contained in those 339 articles (9,357
references found), through a) the identification of the most frequent words,
which appear in the references’ abstracts and b) title analysis of the articles
from authors with more references (articles) cited by the 339 articles;

* Step 3) analysis of the influence of open innovation literature, taking into
account a) the characterization of the articles that cite those 339 articles (2807
documents found) and b) the analysis of the most “influential articles”
(“seminal" articles, i.e., open innovation related articles most cited by other
articles).

Regarding the main trends’ analysis and characterization of the research on open
innovation (step 1), research was carried out in Scopus articles that contained the term
"open innovation" in their title (339 articles found), of which: 321 were published in
Journals; 10, in specialized publications (trade publications); five, in periodical
collections (Book Series); and two, presented in conferences (conference
proceedings). The target of this research is the analysis of academic papers that
clearly focus on the theme "open innovation", avoiding papers that could focus on
parallel areas of open innovation (this means that papers that have “open innovation”
as keywords, are not included unless they also have “open innovation” in their title.
For the same reason, books were not included in this analysis-only academic papers).
Of the 339 articles, 327 were validated for the current analysis (of the step 1), since it
was not possible to have access to the full text or abstracts of 12 articles. Of the 327
valid articles, a full download of 202 articles (60 % of total) was performed, then
proceeding to the analysis of the remaining 125 articles’ abstracts (since it was not
possible to carry out the full download of these articles).

Following a similar methodology, as the one used in other bibliometric studies (e.g.
Cruz, 2007; Silva, 2008; Silva and Teixeira, 2009; Teixeira, 2014), 327 articles were
analyzed and classified according to the topic of the research analysis, the
technological intensity of the object studied and the size of the organizations analyzed
(Table 1). The purpose of this classification is to verify changing patterns of open
innovation research over time, namely if the research has been conducted in a certain
direction or if there are distinct or emerging research directions. In particular, this
classification provides information regarding: if the topic of analysis focuses on firm
level or if there are other relevant or emerging areas of analysis outside the firm
environment (e.g. clusters, innovation systems or public policies); if there has been a
greater or lesser research orientation according to the technological-intensity of the
object studied; if the size of organizations (including companies) is a relevant factor
in the analysis that has been performed and if there are changes in the main thematic
areas analyzed.

The 327 articles were also classified according to the type of methodology used in
their analysis (Table 1). The classification proposed in this paper is similar to the one
used by Silva (2008) and Silva and Teixeira (2009), that follows the work of Nelson
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and Winter (1982), who proposed “formal theorizing” (development of a logic and
structured theoretical argument or the usage of mathematical models) and
“appreciative theorizing” (based more on explanations and concepts and not
mathematically-based) as research methodologies in economics. Thus, following
Nelson and Winter (1982) and based on the classification used by Silva (2008) and
Silva and Teixeira (2009), the articles are going to be classified as
“appreciative/survey” (critical reviews, theoretical or conceptual analysis, literature
review), “empirical” (construction of an empirical evidence, through the usage of
qualitative analysis-including case studies-and quantitative analysis-including the
existence of statistical tests or econometric analysis) and “formal/empirical” (usage of
mathematical models/simulations, with empirical construction through data
analysis/econometric tests).

Table 1. Classification of open innovation related articles

Topic of the ¢ Enterprise: company or business sector

analysis ¢ Inter-sector; Networks / Clusters: analysis of companies in various industries;
knowledge networks; clusters

¢ Innovation Systems: focus on national or regional innovation systems

¢ Technology Transfer: University-Enterprise relation; technology markets,
technological intermediaries

¢ Public Administration (PA): analysis of the upgrading and improvement of
processes/procedures in PA

¢ Public Policy: analysis of the definition of public policies to stimulate open

innovation
:I‘echnplogy ¢ High-tech: focus on business/technology-intensive sectors
intensity ¢ Non high-tech: focus on companies / sectors of medium or low technological
intensity
¢ High-Tech and Non High-Tech: the analysis is not differentiated by
technological intensity of the company/industry
Size of the * SME: analysis focused on small and medium enterprises
enterprises ¢ Large Company: analysis focused on large and/or multinational enterprises
* SME and Large Enterprise: the analysis is not differentiated by size of firm
Methpdology ¢ Empirical: empirical construction, with qualitative analysis (including case
used in the studies) and quantitative analysis (including the existence of statistical tests or
article’s econometric analysis)
analysis

¢ Formal/empirical: usage of mathematical models/simulations, with empirical
construction through data analysis/econometric tests

* Appreciative / survey: theoretic arguments, conceptual analysis development or
thorough literature review

The abovementioned classification was applied to the 327 articles, allowing the
characterization of the open innovation research over the last 10 years and its
evolution over time, taking into account the volume of published articles, by time
period (2003-2009 as a period in which less articles were published and 2010-2013 as
a period in which more articles were published; see section 3 for further details) as
well as the analysis of the main research trends and emerging themes.

The analysis of the theoretical influences on open innovation (step 2), was carried out
through the analysis of references produced by the 339 articles, using the text analysis
methodology (Chen, 2006), identifying the most frequent words used in the
references’ abstracts and titles, allowing the identification of the main thematic areas
of influence on open innovation literature. First, a global analysis was made to the
9,357 references produced by the 339 articles, enabling the analysis by author,
journal, date and country (results provided by Scopus). Then, an analysis was
performed to the most frequent words appearing in the abstracts of the 9,357
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references. To that respect, the references were first exported from Scopus in RIS
format (Research Information Systems) and then software programs provided by

Leydesdorff’ (the “Scopus.exe” and “Scop2WOS .exe” programs) were used to extract
the abstracts from the 9,357 references. The extracted abstracts were analyzed based
on their most frequent words, using the CiteSpace software®, one of the most used in
bibliometric analysis (Chen, 2006). In order to have a more detailed analysis, the titles
of these references were also analyzed, concerning their main researched thematic
areas. In this case and due to the complexity of the analysis and the large amount of
data (9,357 references), it was necessary to limit the analysis to a reasonable number
of data (Remneland-Wikhamn and Wikhamn, 2013). Thus, the analysis focused on
the titles of references of those authors with more references (articles) cited by the
339 open innovation related articles-authors with 17 or more articles cited were
chosen (35 authors found), producing a database of 957 articles (titles from the 957
articles copied from Scopus to the Excel program by the “copy-paste” procedure).

Concerning the analysis of the open innovation research influence (step 3), it was
carried out in two phases. First, taking into account the identification of the “most

influential articles” (open innovation related articles with more citations)’, by
analyzing research areas, authors, affiliation, date and geographic areas. For this
analysis 32 articles with at least 32 citations were identified, i.e., with an h index of
32 (Hirsch, 2005), which represent 72% of the total citations made to the 339 open
innovation articles. Second, and to obtain a deeper understanding on the influence of
open innovation articles, articles citing the 339 open innovation related articles (2087
articles found) were also analyzed, concerning their authors, affiliation, journal,
research areas and geographic areas (results from Scopus).

3.  Open innovation research: overview and main trends

The evolution of the publication of articles on open innovation has had a growing
trend since the early work by Chesbrough (2003), with most publications being
published after 2009. In fact, of the 339 articles listed in Scopus, 277 (82 %) were
published in the period of 2010-2013 (145 published in the period 2012-2013, 43 %
of the total), and only 62 articles were published in the period of 2003-2009 (18 %).
This reflects the novelty of open innovation as an area of research, given the
relatively small number of published articles, but also shows the academic
community’s growing interest in the theme within the last decade, especially after
2009 (Huizingh, 2011; Silva, 2008; Wang et al., 2012). We reached the same
conclusion as we analyzed the evolution of the annual weight of open innovation
related articles in relation to the total number of articles about innovation, published
between 2003-2013 (Figure 1): the percentage of articles that include the term "open
innovation" in their title, in relation to the total number of articles that have the term
"innovation" in their title, has more than tripled between 2004 and 2009 (an increase
from 0.3 % to 1.1 %) and has increased 2,5 times between 2009 and 2013 (increasing
from 1.1 % to 2.7 %). So, we can say that there is a more productive period where
open innovation published articles is concerned (2010-2013) and a less productive
period (2003-2009).

" Leydesdorff software: http://www leydesdorff.net/scopus/index.htm.
% http://cluster.ischool .drexel.edu/~cchen/citespace/download.html.
° About most influential articles”, see http:/libraryresearch.weebly.com/seminal-works.html.
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Fig. 1. Evolution of published articles on open innovation and percentage of open innovation
related articles in the total of innovation articles (2003-2013)-Scopus Database.'’

If we consider the articles by topic of analysis, we realize that in the period 2003-
2013, the focus of open innovation related articles was largely related to the firm level
or to a particular sector of activity (155 articles; 47.4 % of the 327 articles analyzed),
followed by articles focusing on networks or on companies in various sectors (67;
20.5%) and technological markets or technology transfer issues (48; 14.7%). We can
see that, out of the "business environment", there are a few articles that analyze open
innovation (Figure 2): only 10 articles focus on national/regional innovation systems;
there are also nine articles analyzing the role of public policies to stimulate open
innovation and seven articles that analyze open innovation applied to administrative
simplification and modernization of public administration. The focus of the analysis
on enterprises has been observed over the years by several authors, like Chesbrough
and Schwartz (2007), Helfat and Quinn (2006), Remneland-Wikhamn and Wikhamn
(2013) and West et al. (2014).

If we consider the two main publication periods of open innovation related articles
(2010-2013, with 82 %, and 2003-2009, with 18 %), we can see some trend changes
concerning the topics of the analysis. Although, in both periods, articles about open
innovation tend to focus more on enterprise or sector levels and on networks or
companies from various sectors, there was a decrease in the relative weight of these
two areas in the period 2010-2013 (Figure 2). Areas where there was a relative
increase of articles on open innovation are: innovation systems (national/regional),
technology transfer (university-industry relationship; intermediaries and technology
markets), public administration and analysis of open innovation in the context of
public policies. This trend is evidenced, for example, in articles that examine the
importance of regional open innovation systems (Savitskaya and Torkkeli, 2011),
open innovation platforms (Frey, Liithje and Haag, 2011); public policies and open
innovation (de Jong, Kalvet and Vanhaverbeke, 2010) or the role of universities in
promoting open innovation in companies (Janeiro, Proenca and Gongalves, 2013).
However, and despite this, the total number of articles in these areas is still very low,
as we can see in Figure 2.

1 Own elaboration, based on data from Scopus (www.scopus.com). 339 articles were found with the term
“open innovation” in the title, and 19,672 with the term “innovation”, in the period 2003-2013.
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Fig. 2. Open innovation articles, according to the topic of analysis and time period."

About 29% of all the articles analyze high-technology sectors/areas (Figure 3),
despite the decrease of their relative weight between 2003-2009 (represented 34 % of
all articles) and 2010-2013 (28 %). At the same time, there was an increase of the
focus on low-technology or mature sectors between these two periods (22 % to 23%).
In fact, we can find recent articles on open innovation emerging areas, such as smart
cities (Schaffers et al., 2011) or on technologically mature sectors (lower
technological intensity), as in education (Bogers and Sproedt, 2012), healthcare
system (Guinan, Boudreau and Lakhani, 2013), shipbuilding in China (Zhao, 2012),
service sector (Mention, 2011; Mention and Asikainen, 2012) or the wine sector in
Hungary (Driesm et al., 2013).

Articles analyzing enterprises are mostly centered on large and/or multinational ones
(89 articles; 27 % of the total), with this number relatively higher in the period of
2003-2009 (36 %). This trend leads to a small number of articles, which analyze open
innovation in the context of small and medium enterprises-SMEs (38 articles; 12 % of
the total)-although there are 28 additional articles (9 %) focusing on the relationship
between SME and large enterprises with regards to open innovation practices (Figure
2).SMEs and SMEs/large enterprises’ analysis increased in the period 2010-2013,
compared to the previous period. For example, we can find recent articles analyzing
open innovation in terms of integration of external knowledge and absorption of
knowledge by firms, particularly in SMEs (Cheng and Chen, 2013; Malecki, 2011;),
or analyzing organizational changes and business incentives for open innovation, in
SMEs/Large companies (Rodriguez and Lorenzo, 2011).

"' Own elaboration, based in the analysis of 327 articles that have the term “open innovation” in the title.
Articles published in the periods: 2003-2013, 2003-2009 and 2010-2013. Data from Scopus
(www .scopus.com).
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Fig. 3. Open innovation articles, according to the technological intensity focus and size, by
time period.

In terms of research methodology employed by the 327 articles (Figure 4), mostly
they were empirical in nature (249 articles; 76 % of total), through the use of case
studies at the firm level, sector of activity or entities from the scientific and academic
system, and also using questionnaires/surveys (mainly in the recent years), with data
treatment using statistical and/or econometric analysis. Formalization through
mathematical models is still scarce, present only in 10 articles (3 %). It should also be
noted that the component of literature review and/or theoretic/conceptual analysis is
deeply present in most articles (139, or 43 %), as shown in Figure 4. The
methodology used depicted no significant changes when we analyzed the periods
2003-2009 and 2010-2013, although it is necessary to highlight an increase in the
percentage of articles that are of empirical nature (72% to 77%), reinforcing the
importance of case studies in the open innovation analysis.

12 Own elaboration, based in the analysis of 327 articles that have the term “open innovation” in the title.
Articles published in the periods: 2003-2013, 2003-2009 and 2010-2013. Data from Scopus
(www .scopus.com).
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Fig. 4. Open Innovation related articles, by method of analysis (total and in percentage)."

Publication of articles on open innovation has occurred in 174 journals, with more
than half the articles belonging to the Scopus database (58%) published by 40 journals
(Figure 5)-this dispersion is justified by the fact that there are several journals that
have, at most, two published articles. Meanwhile, there has been a concentration of
published articles on a limited number of journals, with 24% (81 articles) published in
only 6 journals: "International Journal of Technology Management" (17 articles, i.e.,
5 % of total), "R&D Management" (5 %), "International Journal of Innovation
Management" (3,8 %), "European Journal of Innovation Management" (3.5 %),
"Research Technology Management" (3.5%) and "Technovation" (2,9 %). If we
extend the range to over 15 journals, we find that they are responsible for 39 % of all
published articles. Despite the fact that the major scientific journals in the field of
economics (see Ritzberger, 2008) do not appear among those that publish more
articles about open innovation, one can find a significant and strong presence of
journals in the area of innovation management and technology (such as
"Technovation", "R&D Management" or "International Journal of Technology

Management")”-areas where research on open innovation has been mostly
developed-or in the area of evolutionary economics theory, as in "Research Policy"
(Silva and Teixeira, 2009). The larger number of published articles in the period
2010-2013 (of 339 articles, 277 were published in this period, as mentioned above)
led to an increase in the number of journals that publish articles on open innovation:
between 2003-2009 there were only 36 journals that published articles on open
innovation, while the number increased to 157 journals in the period of 2010-2013.

13 Own elaboration, based in the analysis of 327 articles that have the term “open innovation” in the title.
Articles published in the periods: 2003-2013, 2003-2009 and 2010-2013. Data from Scopus
(Www .scopus.com).

14 See the ranking of innovation and technology management journals in:

http://www .scimagojr.com/journalrank.php?category=1405.
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Fig. 5. Open Innovation Articles, by Journal (top 40), in percentage (2003-2013)."

Open Innovation research has mainly focused on the reality of the United States of
America (U.S.A.)-which was the target country of 17.2 % of all articles published
between 2003-2013 (Figure 6)-followed by articles that analyze open innovation
between two or more European countries or between entities located in these
countries (9.1 %), articles with the focus on Germany and United Kingdom (6.5 %
each), Italy (5.9 %), China (4.8 %) and Sweden (4.3 %). This means that 45.2 % of all
articles about open innovation published in the period of 2003-2013 have the focus of
analysis on only 5 countries, 4 of them European. If we take into account only the
European reality, we can see that Northern countries are the focus of about 19 % of all
open innovation articles. Outside Europe, countries targeted more often by research
on open innovation were China, Brazil (3.2 % each) and Russia (3.2 %), highlighting
the interest of open innovation research on different and distinct countries.

'S Own elaboration, based in the 40 journals with more published articles that have the term “open
innovation” in the title. Articles published in the period 2003-2013. Data from Scopus (wWww .scopus.com).
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If we carry out an analysis by geographical areas, we would find that most of the
research has been focused on Europe (56.5 %), with articles covering most part of
European countries, especially the ones from Northern Europe-research on open
innovation is less centered in the Southern European countries, analyzed by 11.3 % of
the articles (half of them centered in Italy). Following is North America, with 17.7 %
(U.S.A. with 17.2 % and Canada with 0.5 % of the articles), Asia with 16.7 % (China,
Taiwan, South Korea and Japan are the most analyzed countries) and Latin America,
with 4.3% (including Brazil and Peru). There is little research focused on Middle East
(only one article found, analyzing open innovation in the biotechnology industry in
Iran) and the absence of any research focusing on Africa.
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Fig. 6. Countries and Regions analyzed by open innovation related articles (2003-2013), in
percentage.'®

Analysis by time periods shows an increase on the number of target countries in the
research on open innovation between 2003-2009 and 2010-2013, with emphasis on
Asian countries (Malaysia, India, Pakistan, Taiwan, South Korea, Japan and Hong-
Kong), some European countries (France, Poland, Hungary, Luxembourg, Lithuania,
Portugal, Greece, Spain, Italy and Norway), Latin America (Peru and Brazil), Middle
East (Iran) and Canada (Figure 7). This trend clearly shows the dispersion and relative
attractiveness increase of countries outside the U.S.A-Europe axis, as a focus of open
innovation analysis. Meanwhile, U.S.A. observed its relative importance as a target
country of research being reduced between these two periods (32.3 % in 2003-2009,
representing only 142 % in 2010-2013, but remains the country where open
innovation is most analyzed). Research, comparing more than one European country,
as well as research in China and Sweden, has also increased.

' Own elaboration, based in the analysis of 327 articles that have the term “open innovation” in the title.
Articles published in the period 2003-2013. Data from Scopus (Www.scopus.com).
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Fig. 7. Countries analyzed by open innovation articles, by country and time period (2003-2009
and 2010-2013), in percentage."

There was also an increase on the number of authors’ countries between the two
periods, from different geographical areas, although there is a concentration of articles
from authors proceeding from a small number of countries, in general. In the period
2003-2009, articles published originated from authors from 15 countries (U.S.A.,
Germany and UK in the top three, representing about 58%), of which three (20%)
outside Europe. In the period 2010-2013, authors came from 41 countries (U.S.A, UK
and Spain in the top three, but representing only 30.1 % of the authors), with 16 of
them (39%) outside Europe, mainly from Asian countries. In total, for the period
2003-2013, we can see that only three countries are responsible for the 34 % of
articles, with U.S.A. being the origin of a greater number of articles (54 articles; 13.2
% of the total), followed by Germany (10.3 %) and UK (10.3 %). Asia accounts for
11.5 % of the total number of articles produced, while Northern Europe countries
represent 29.4 %.

There was also an increase in the number of areas covered, as well as on emerging
areas of open innovation literature research. In the period 2003-2009 open innovation
related articles covered 11 areas, while in 2010-2013 they covered 21 areas, with
“Business, Management and Accounting”, “Engineering” and “Social Sciences”
being the main areas of open innovation research in the period 2003-2013 (67% of all
articles published). Open innovation research is expanding to new areas, representing
around 6.7 % of the articles published in 2010-2013, such as “Pharmacology,
Toxicology and Pharmaceutics”, ‘“Mathematics”, “Psychology”, “Chemistry”,
“Medicine”, “Arts and Humanities”, “Energy”, “Materials Science”, “Physics and

CLITS

Astronomy”, “Earth and Planetary Sciences”.

Although relatively recent, the analysis above shows that open innovation is being
recognized as an important research area, with more and more authors and academic
institutions, originating from different geographic areas and countries, involved in its
development. Open innovation has also expanded to new research areas beyond

17 Own elaboration, based in the analysis of 327 articles that have the term “open innovation” in the title.
Articles published in the periods 2003-2009 and 2010-2013. Data from Scopus (Www.scopus.com).
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business, management and economics, showing a growing acceptance in the academic
field. However, it is clear that there are themes, which have still received scarce
attention by the open innovation literature and a lack of knowledge regarding open
innovation practices in some countries and regions (for a detailed discussion: section
6). For a better understanding of the open innovation paradigm, the main theoretical
influences on open innovation literature are going to be analyzed in the next section.

4. Influence on open innovation research

The identification of the main theoretical influences on open innovation literature is
important for a better perception on how open innovation research is being conducted
and also to better understand the different subjects related to the open innovation
concept. This analysis was carried out through: 1) the text analysis methodology-
using Leydesdorff and CiteSpace software (further details in “Methodology”, section
2)-analyzing references cited by the 339 open innovation articles; identifying the most
frequent words found in their abstracts, and 2) the analysis of the references’ titles,
identifying their thematic areas of research (see section 2). This text analysis allows
us to identify theoretic trends, over time, in references cited by open innovation
articles, and, therefore, the main influences on the open innovation research.

In the period 2003-2013, the 339 articles from Scopus, containing the term "open
innovation" in their title have cited more than 9,000 references (more precisely,
9,386), of which 48% belong to publications presented in Scopus and 52% are
reference lists associated to Scopus (data generated by Scopus). About 30% of the
references (2,815) have been published in only 35 journals (which have published 33
or more references). Journals with the most published references are: “Research
Policy” (399 articles), the “Strategic Management Journal” (215), “Technovation”
(164) and “Organization Science” (138), which jointly represent about 10% of all
cited references. As we saw in section 3, although they are not mainstream journals in
economics, they are very important for the areas of innovation, namely in innovation
management, corporate innovation, innovation research and evolutionary economics.

Through the analysis of the references’ abstracts, the most frequent words used can be
identified (Table 2). In the 9,386 references published between the years of 1767 and
2013, some of the most common words are “innovation”, “knowledge”, “research”,
“firms”, “technology/technological”, “product”, “development”, ‘“performance”,
“processes”, ‘“‘management”’, “business”’, “model”, “industry”, ‘“market” or
“organizational” (Table 2, 5" column, highlighted in green). Most part of those words
can also be interconnected, highlighting some influential themes on open innovation:
“research and development”, “product innovation”, ‘“organizational innovation”,
“technological innovation”, “product management”, “product development”,
“knowledge management”, ‘“business model”’, “innovation management” or
“technology management”. These are major themes in the open innovation literature:
e.g. “knowledge management” is directly linked to knowledge flows, external sources
and the inbound and outbound open innovation processes (Dahlander and Gann,
2010; West and Bogers, 2013); “business model”, “innovation management” and
“organizational innovation” requiring a proper organizational structure to develop and
adopt open innovation activities (Chesbrough and Schwartz, 2007; Rodriguez and
Lorenzo, 2011); “research and development” with the R&D externalization or the
firms’ acquisition strategies (Chesbrough, 2006).

Considering the references’ publication time periods (using decades as time periods),
it's possible to analyze some trends over time: there is a common base of the most
frequent words in all periods (in bold, Table 2), there are words, which only appear in
some periods (highlighted in blue, Table 2) and there are words that appear more
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frequently from a certain period (highlighted in green, Table 2). In all the reference
periods, the most cited references are the ones dealing with innovation, research,
firms, product, technology, process, market or development (most frequent words
appearing in all the reference periods). The word “firm” is the 1* or 2™ most frequent
in all the referred periods, except in the 2000's (ranking in 4™, with “innovation” as
1*Y). The word “knowledge” gained more attention over the last two decades, being
the 4™ most cited in the 1990"s and the 2™ after 2000 (although it has also appeared in
references published before the 1980's, but less frequently). The same happens with
the words “performance” and “management”, which were more frequent in the 1990°s
and after 2000. After 2000, “open” and “business” appear in the list of the most
frequent words in the references’ abstracts (11" and 12™ place, respectively), being
also the period in which the concept of open innovation appeared. As we can see in
Table 2, most of the cited references were published after 2000, (68% of the total),
followed by the decade of 1990. This means that part of the influence on open
innovation research derives from very recent literature and, probably, from authors
who also write about open innovation.

To that respect, and based on the most frequent terms on the references™ abstracts, one
can say that major theoretical influences on open innovation seem to derive from the
literature on innovation, management and the firm, regardless of the references’
publication period. There is a clear focus on the firm's reality-“firms” is always in the
top 4 of the most frequent words, together with other words such as “product” or
“business”. However, there has been a growing importance of references focusing on
knowledge, management and business in the last two decades-“knowledge
management” and “business models” are core areas within the open innovation
research (Chesbrough, 2003; Chesbrough and Bogers, 2014).

Table 2. Most frequent words of the abstracts of the references cited by open innovation
articles, by time period (1767-2013)"®

1767-1980 1981-1990 1991-2000 2001-2013 Total (1767-2013)
N=312 N=506 N=2101 N=6400 N=9386
product firms research innovation innovation
firms innovation firms knowledge knowledge
innovation research product research research
technology product knowledge firms firms
research model innovation paper paper
development process technology technology technology
process technological paper development product
paper technology development performance development
technological paper process product performance
model data organizational process processes
knowledge industrial performance management management
performance economic technological open organizational
market market firm business model
organizational development different different firm
firm analysis market model different
management technical management firm technological
industry corporate model organizational business
different problem learning analysis market
theory strategy industry market analysis
information strategic data data / industry

We can have a deeper understanding of the influence on open innovation research, if
we take into account the most cited authors in the open innovation literature (Table 3).

'8 Own elaboration, based in the analysis of the abstracts of 9,386 references cited by the 339 open
innovation articles, using CiteSpace and Scopus.exe software. Data from Scopus (www.scopus.com).
N=number of references.
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Henry Chesbrough appears as the author (or co-author) with the most cited references
(by the 339 articles), authoring (or co-authoring) 109 articles (Chesbrough is the
"father" of the open innovation concept), almost the same number as the second and
the third author with the most cited articles altogether-Gassmann (62) and Von Hippel
(48), respectively. For a more detailed analysis and due to the volume of data
available, authors with the most cited references (by the 339 open innovation related
articles) were considered, in this analysis (authors with 17 or more cited references
were chosen, i.e., 35 authors in total), with the references’ titles being analyzed, in
order to identify the main research themes (in total, the 35 authors are responsible for
975 references, about 10% of the total). Amongst the 35 most cited authors (i.e., the
most influential authors on open innovation research), there are authors from the areas
of open innovation (Chesbrough, Gassmann, Vanhaverbeke, Enkel or West), user
innovation and open source (Eric von Hippel), as well as authors who have carried out
their research in the areas of economics and management fields (Table 3). From the
area of economics, it is necessary to highlight the presence of authors from the

evolutionary approach19; from the innovation systems and economic geography
literature (Nelson, on national innovation systems; Cooke, on regional innovation
systems / open innovation and localization), technological skills and business R&D
(Pavit); the successes and failures of technological innovation and industrial
innovation (Rothewell) or knowledge networks (Nelson, Rothewell). From the
management literature standpoint, the most cited authors originate mainly from

networks and from the dynamic capabilities approach20 - complementary assets
(Teece), clusters and competitive advantages (Porter, Cooke), absorption capacity and
knowledge management (Salter, Cohen, Nonaka), organizational change and business
models (Christensen, Tushman) or organizational learning (Nonaka). If we analyze it
by time period, i.e., considering the most cited authors by open innovation related
articles published in 2003-2009 and 2010-2013, we could see that authors originating
from the open innovation field are more cited in the 2010-2013 period, in relation to
some authors from economics and management, who have lost their relative
importance (like Nelson, Teece, Cohen or Arora). On the one hand, this situation can
be explained by the development of the open innovation research: articles published
in this period have a larger base of publications and authors to cite, rather than articles
published in the period 2003-2009. One the other hand, worth noted is the recent
character of open innovation research, which justifies the need for a period of
consolidation and assertion of its theoretical basis, with resource-based literature of
the economics and management fields.

If we analyze the relative importance of the most cited authors (i.e. the most cited
authors by open innovation related articles published in 2003-2009 and in 2010-
2013), we can see that there is a growing importance of some themes, like innovation
networks and external networks (Carayannis, Laursen, Rothwell, Hagedoorn or
Tushman), creativity and knowledge creation (Amabile, Von Krogh or Campbel), IP
rights and technology commercialization (Wight, Zahra or Salter), knowledge and
organizational management (Salter, Birkinshaw, Bessant or Nonaka), R&D
management (Gassmann or Chiesa) and appropriability strategies (Rothwell or
Laursen). In Table 3, we can see the authors and themes that achieved a higher
importance between 2003-2009 and 2010-2013 (grey areas, in the 5" column).

" For a detailed analysis about the evolutionary approach, see: Chaminade and Edquist (2006); Dosi and
Nelson (2010); Edquist (2001); Foray (eds) (2009); Marsh (2010); Metcalfe (1994); Nelson and Winter
(1982); Saviotti and Metcalfe (1991, 2000).

2 See Teece (2007).
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Table 3. Most influential authors on open innovation research (most cited authors by the open
innovation literature)®!

Author 0 gt . . Position of Position of
P N° articles cited N Main themes of
(position in (references) Affiliation the cited articles authors authors
2003-2013) 2003-2009 2010-2013
1.Chesbrough, H. 109 University of Open innovation; 1° 1°
California, Business models;
Berkeley, Haas Technology
School of management.
Business, Center
for Open
Innovation, U.S.A.
2.Gassmann, O. 61 Institute of Open innovation; 6° 28
Technology R&D
Management, St. management.
Gallen,
Switzerland.
3.Von Hippel, E. 48 MIT Sloan School User innovation; 2° 7°
of Management, Open source;
Cambridge, External
USA. knowledge
networks.
4 Vanhaverbeke, W. 44 ESADE Business Open innovation; 17° 3°
School, external sources
Barcelona, Spain.  of technology;
alliances and
inter-
organizational
partnerships.
5.Enkel, E. 40 Zeppelin Open innovation; 13° 42
University, conceptualization.
Friedrichshafen,
Germany.
6.Lichtenthaler, U. 40 University of Open innovation; 3° 52
Mannheim, Absorption
Germany. capacity;
Commercializatio
n of technology;
Intermediaries
and innovation
markets.
7.Cooke, P. 37 Cardiff University, ~ Clusters; Regional 7° 62
Centre for innovation
Advanced system;
Studies, Cardiff, Knowledge
United Kingdom. economy; Open
innovation and
localization.
8.Hagedoorn, J. 29 MERIT, Faculty of  Inter- 1202 112
Economics and organizational
Business networks; R&D
Administration, partnerships.
Maastricht
University,

2l Own elaboration, based in the analysis of 975 references cited by the 339 articles that have the term
“open innovation” in the title. Articles published in the periods: 2003-2013, 2003-2009 and 2010-2013.
Data from Scopus (Www.scopus.com).
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Netherlands.
9.Chiesa, V. 29 Politecnico di Outsourcing of 318 82
Milano, R&D; Open
Dipartimento di Innovation.
Ingegneria
Gestionale, Milan,
Italy.
10.Teece, D. 28 University of Appropriability; IP; 50 92
California Marketing and
Berkeley Haas exploitation of
School of knowledge;
Business, complementary
Berkeley, U.S.A. assets.
11.Nelson, RR. 28 Columbia Innovation 4° 132
University, New systems;
York, U.S.A. Evolutionism;
Intellectual
property ;
Spillovers of R&D
networks of
external
knowledge.
12.Cooper, R.G. 27 Michael G. Development and 412 102
DeGroote School product innovation
of Business, and process.
McMaster
University in
Ontario, Canada.
13.Duysters, G. 25 Tilburg University, ~ Knowledge 102 182
Department of networks; Inter-
Organization and organizational
Strategy, Tilburg, networks;
Netherlands. Business
alliances.
14.Von Krogh, G. 24 Eidgenossische Knowledge 218 122
Technische creation;
Hochschule organization and
Zurich, Zurich, integration of
Switzerland. knowledge; Open
source
15.Carayannis, E.G. 23 George Triple and 142
Washington quadruple helix;
University, Innovation
Washington, Networks;
USA. Creativity and
knowledge.
16.Pavitt, K. 22 University of Technological 282 172
Sussex, SPRU - change;
Science and Technological
Technology Policy  skills;
Research, Management and
Sussex, UK. business R&D.
17 West, J. 22 KGI-Keck Open innovation; 9° 152
Graduate Institute ~ Open source;
of Claremont, Appropriability; IP;
California, U.S.A. Knowledge
networks;
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Knowledge
communities;
Marketing;
Knowledge
exploitation.
18.Salter, A. 22 Imperial College Intellectual 302 218
London, School of  property;
Business, London,  Knowledge
United Kingdom. management;
Absorptive
capacity.
19.Ernst, H. 22 ETH in Zirich, Patents; Virtual 82 248
Swiss Center for communities;
Automotive Intermediates and
Research, U.S.A. innovation
markets;
Development of
new products.
20.Frattini, F. 21 Polytechnic Open innovation; 162
Institute of Milan, Management
Department of innovation.
Management,
Milan, Italy.
21.Rothwell, R. 21 University of Project SAPPHO; 1278 192
Sussex, Science business and
Policy Research technological
Unit, Sussex, UK. innovation;
External
networks;
appropriability
strategies.
22.Amabile, T.M. 20 Harvard Business  Creativity; 207
School, Boston, Motivation.
US.A
23.Porter, M.E. 20 Harvard Business  Clusters; 542 228
School, Boston, Competitive
USA. strategy;
Corporate
organization.
24 Mowery, D.C. 19 University of Strategic 342 26°
California alliances;
Berkeley Haas Knowledge
School of transfer between
Business, companies;
Berkeley, U.S.A. Patents;
Contractual
arrangements;
Public-private
collaboration for
R&D.
25.Campbell, D.J. 19 Department of Triple and 232
Political Science, quadruple helix;
University of Knowledge
Vienna, Austria. production;
Creativity
26.Cohen, W.M. 19 Duke University, Absorption 18° 46°
The Fuqua School  capacity; public
of Business, R&D; Business
U.SA. R&D; Spillovers;
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Intellectual
Property;
Appropriability;
Innovation policy.
27.Tushman, M.L. 18 Stanford Management and 46° 278
University, organizational
Stanford Graduate  change;
School of Technological
Business, Palo networks and
Alto, U.S.A. innovation.
28.Wright, M. 18 Imperial College, Entrepreneurship; 292
London. Spin-outs;
Technology
transfer;
Technology
commercialization
; Business angels.
29.Zahra, S.A. 17 University of Absorptive 632 357
Minnesota Twin capacity;
Cities, Gary S. Corporate
Holmes entrepreneurship;
Entrepreneurship University-
Center, Enterprise
Minneapolis, alliances;
USA. Technology
integration;
Technology
commercialization
30.Nonaka, I. 17 Hitotsubashi Knowledge 532 25°
University, creation;
Kunitachi, Japan. Organizational
learning; Tacit
knowledge.
31.Christensen, C. 17 Harvard Business ~ Business models; 24° 328
School, Boston, Innovation and
USA. disruptive
technologies.
32.Bessant, J. 17 Cranfield Innovation 402 36°
University, UK. management;
Technology
transfer;
Organizational
change.
33.Arora, A. 17 Duke University, Technology 112 542
USA. markets;
Intellectual
property rights.
34.Laursen, K. 17 Copenhagen Lead users; User- 1042 318
Business School, producer; External
DK. knowledge;
Appropriability
strategies.
35.Birkinshaw, J. 17 London Business Innovation 622 309
School, UK. management;
Corporate
entrepreneurship;
Organizational
management.
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Most part of the references cited by the 339 articles were published in the last two
decades, notably in the 2000s and in the 1990s, which clearly portrays this research’s
burgeoning character on some of these issues-such as user innovation, innovation
systems, open source or the debate around intellectual property and knowledge
commercialization. As expected, most part of these references (90 %) were cited by
open innovation related articles published in the period 2010-2013, due to the higher
volume of articles published in this period. Amongst the 35 most cited authors, there
is a clear prevalence of affiliations to institutions located in Europe (18 institutions)
and in the U.S.A. (15), with only one author affiliated to an entity in Canada
(McMaster University, Ontario) and other in Japan (Hitotsubashi University,
Kunitachi). In the U.S., Haas School of Business (University of California, Berkeley)
is the most represented entity (entity of authors like Chesbrough, Mowery and Teece),
followed by the Harvard Business School (authors like Christensen, Amabile and
Porter). In Europe, the most represented entities are the Politecnico di Milano (of
Chiesa and Frattini) and SPRU-University of Sussex (of Pavitt and Rothwell).

In short, the analysis of the most frequent words, occurring on the references’
abstracts and research themes of the most cited authors, carried out by the 339 open
innovation related articles shows that influences on open innovation are rooted in
several areas of the economics and management fields, developed over several
decades (Christensen et al, 2005; Dahlander and Gann, 2010; Huizingh, 2011; West et
al., 2014), especially during the 1990s and 2000s. This refutes, in part, the criticism of
authors like Trott and Hartmann (2009), who affirm that open innovation research
takes an insufficient number of previous theories into account in its conceptual
development. In fact, and based on the analysis of this section, one can say that some
of the main literature of economics and management areas of influence are:
organizational change, networks, the University-Industry-Government relation, the
intellectual property management, knowledge and R&D management, technology
transfer and the creation, management and absorption of knowledge. But there is,
clearly, a focus on references related to the firm’s theory, which is still the main focus
of the open innovation analysis. Knowing the areas that most influenced open
innovation research, it is also important to have a clear picture of which areas are
being influenced by open innovation literature and, which authors and articles are the
most recognized (more cited) by other research areas. A detail analysis is provided in
section 5.

5.  The influence of open innovation research

The 339 articles about open innovation published on Scopus were cited 4805 times by
other studies (data up to December 31, 2013). However, 36.2 % (123 articles) never
had any quote, while 63.8 % had at least one quote. It should be noted that relatively
few articles have been cited many times, with only 4 % cited at least 100 times and 6
% at least 50 times. The 10 most cited articles account for 43.7 % of the total 4805
citations. If we consider only those “seminal” or "most influential" articleszz, i.e., the
32 articles cited at least 32 times by other articles, represent 72 % (3479) of the total
citations (Table 4). Of these 32 articles, 21 analyzed companies or entities in a given
sector/cluster or comparison between sectors, half the articles analyze

2 About “seminal” or “most influential” articles: “In fact, authors may refer to a specific work as "seminal"
or "influential" or "core" or "classic" or describe the work in some way that indicates its central importance
to a body of research. Another tool for locating or identifying seminal works is citation analysis which is a
tool that can help identify papers cited many times in the literature.”, in
http://libraryresearch.weebly .com/seminal-works.html.
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large/multinational ~companies, and 41 % analyze technology-intensive
companies/sectors. The analysis of SME (13 %) and mature or less intensive
technology sectors (25 %) receives the attention from a smaller number of articles,
following the trend of the research done by the majority of articles on open
innovation, as seen in section 3.

From amongst the 32 seminal papers (Table 4), the highest number was published in
the period 2003-2009 (72 %), even though the period 2010-2013 was the most
productive in terms of number of published articles on open innovation. About 90 %
of the most cited (seminal) articles have the focus of the analysis on the U.S. (40 %)
and Europe (50 %)-the Netherlands (10 %, i.e., two articles) and Italy (10%) are the
most represented European countries in these 32 most cited articles. Other regions or
countries outside Europe or U.S.A. are not represented in these 32 seminal articles
(Latin America and Africa are not the subject of research of any article), with the
exception of Asia, with only one article, focusing on South Korea.

Moreover, there are articles analyzing open innovation in institutions/companies from
more than one European country (10 %) and articles comparing the reality of
countries from different continents (5 %; 1 article). The issues of technology transfer
and technology intermediaries/markets are analyzed in 4 articles (13 %), while topics
such as public policy or analysis of open innovation within public administration are
not analyzed in any of these 32 seminal articles.
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Table 4. Most cited open innovation related articles (“seminal articles”)*
Article Author(s) PubYllcatlon . N.n Journal
ear citations
1. The era of open innovation Chesbrough, H. 2003 589 MIT Sloan
Management
Review
2. Beyond high tech: Early adopters of Chesbrough H., 2006 258 R&D
open innovation in other industries Crowther, AK. Management
3. University-industry relationships and Perkmann, M., Wals,h 2007 184 International
open innovation: Towards a research K. Journal of
agenda Management
Reviews
4. Challenges of open innovation: The West J., Gallagher, S. 2006 179 R&D
paradox of firm investment in open- Management
source software
5. The role of technology in the shift Dodgson, M., Gann, 2006 171 R&D
towards open innovation: The case of D., Salter, A. Management
Procter & Gamble
6. Open innovation in SMEs: Trends, van de Vrande, V., de 2009 169 Technovation
motives and management challenges Jong, J.P.J.,
Vanhaverbeke, W., de
Rochemont, M.
7. Selective revealing in open innovation Henkel, J. 2006 153 Research
processes: The case of embedded Policy
Linux
8.  The industrial dynamics of Open Christensen, J.F., 2005 143 Research
Innovation - Evidence from the Olesen, M.H., Kjaer, Policy
transformation of consumer electronics  J.S.
9. Open innovation in practice: An analysis  Lichtenthaler, U. 2008 139 IEEE
of strategic approaches to technology Transactions
transactions on Engineering
Management
10. Brokerage, boundary spanning, and Fleming L., 2007 17 Organization
leadership in open innovation Waguespack, D.M. Science
communities
11. A capability-based framework for open  Lichtenthale,r U., 2009 114 Journal of
innovation: Complementing absorptive  Lichtenthaler, E. Management
capacity Studies
12. Regionally asymmetric knowledge Cooke, P. 2005 113 Research
capabilities and open innovation: Policy
Exploring 'Globalization 2' - A new
model of industry organization
13. Networking as a means to strategy Dittrich, K., Duysters, 2007 11 Journal of
change: The case of open innovationin ~ G. Product
mobile telephony Innovation
Management
14. Managing open innovation Chesbrough, H. 2004 109 Research
Technology
Management
15. Open innovation: State of the art and Huizingh, E.K.R.E. 2011 96 Technovation
future perspectives
16. Innovation contests, open innovation, Terwiesch, C., Xu, Y. 2008 88 Management
and multiagent problem solving Science

2 Own elaboration, based on the analysis of 339 articles that have the term “open innovation” in the title.
Were selected the 32 articles that have 32 or more citations from other articles, up to 31.12.2013. Articles
published in the period 2003-2013. Data from Scopus (Www.scopus.com).
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17. Open innovation in SMEs-An Lee, S., Park, G., 2010 82 Research
intermediated network model Yoon, B., Park, J. Policy

18. Open innovation in practice Kirschbaum, R. 2005 74 Research

Technology
Management

19. Building absorptive capacity to organize ~ Spithoven, A., 2010 61 Technovation
inbound open innovation in traditional Clarysse, B.,
industries Knockaert, M.

20. Outbound open innovation and its effect ~ Lichtenthaler, U. 2009 60 R&D
on firm performance: Examining Management
environmental influences

21. Open innovation: Past research, current  Lichtenthaler, U. 2011 58 Academy of
debates, and future directions Management

Perspectives

22. Exploring the field of open innovation Elmquist, M., 2009 52 European

Fredberg, T., Ollila, S. Journal of
Innovation
Management

23. Determinants and archetype users of Keupp, M.M., 2009 47 R&D
open innovation Gassmann, O. Management

24. New ventures based on open innovation ~ Gruber, M., Henkel, J. 2006 40 International
- An empirical analysis of start-up firms Journal of
in embedded Linux Technology

Management

25. Unraveling the process from Closed o Chiaroni, D., Chiesa, 2010 37 R&D
Open Innovation: Evidence from V., Frattini, F. Management
mature, asset-intensive industries

26. Motivating and supporting collaboration  Antikainen, M., 2010 36 European
in open innovation Makipaa, M., Ahonen, Journal of

M. Innovation
Management

27. Organizational modes for Open Bianchi, M., Cavaliere, 2011 34 Technovation
Innovation in the bio-pharmaceutical A., Chiaroni, D.,
industry: An exploratory analysis Frattini, F., Chiesa, V.

28. Innovation communities: The role of Fichter, K. 2009 34 R&D
networks of promotors in open Management
innovation

29. How open innovation: Can help you Chesbrough, H.W., 2009 34 Harvard
cope in lean times Garman, AR. Business

Review

30. Opening up for competitive advantage -  Rohrbeck, R., Holzle, 2009 33 R&D
How Deutsche telekom creates an open K., Gemunden, H.G. Management
innovation ecosystem

31. Managerial challenges in open Sieg, J.H., Wallin, 2010 32 R&D
innovation: A study of innovation M.W., von Krogh, G. Management
intermediation in the chemical industry

32. The Open Innovation Journey: How Chiaroni, D., Chiesa, 2011 32 Technovation

firms dynamically implement the
emerging innovation management
paradigm

V., Frattini, F.

Based on Table 4, we can construct a table of the most influential authors (Table 5),
i.e. the ones with the highest number of articles cited among the 32 seminal articles.
The most influential author is Henry Chesbrough, with 4 articles (2 of them in co-
authorship), with the articles "The Era of Open Innovation" (Chesbrough is the only
author) and "Beyond high tech: Early adopters of open innovation in other industries"
(Chesbrough and Crowther) being the most cited articles by other articles (Table 5).
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Ulrich Lichtenthaler’ also has 4 articles among the most cited, but with fewer
citations than Chesbrough’s. Chiaroni, Chiesa and Frattini (3 articles) and Henkel (2
articles) are the following. Research organizations with the most cited authors
affiliated are located in the U.S. and Europe (Germany and Italy), namely the Haas
School of Business at the University of Berkley (which welcomes authors such as
Henry Chesbrough and Andrew Garman) and Politecnico di Milano, affiliating of
authors like Chiaroni, Chiesa and Frattini (Table 5).

Table 52.5 Affiliation of Authors with the Most Published Articles, Amongst the 32 Seminal
Articles

Of which, in

Author N° articles . Affiliation
co-authorship
. University of California Berkeley, Haas

Chesbrough, H. 4 2 School of Business
Lichtenthaler, U. 4 1 University of Mannheim, Germany

. . Politecnico di Milano, Dipartimento di
Chiaroni, D. 3 3 Ingegneria Gestionale

. Politecnico di Milano, Dipartimento di
Chiesa, V. 3 3 Ingegneria Gestionale
Frattini, F. 3 3 1lz/i)litecnico di Milano, Department of

anagement

Henkel, J. 2 1 Technische Universitit Miinchen

R&D Management stands as the Journal with more published articles over the 32
seminal articles on open innovation (9 articles), followed by Technovation (5 articles)
and Research Policy (4 articles), both journals from the field of innovation
management and innovation policy (Figure 8). If we consider the number of citations,
we find that R&D Management (851 citations, i.e., 18 % of the 4805 citations made
to the 339 open innovation articles) and MIT Sloan (12 % of citations) are the
journals that published the most cited articles, followed by Research Policy (10 %).
To be noted that MIT Sloan has only one of the 32 seminal articles-"The Era of Open
Innovation", from Chesbrough-in this case, the article more often cited by other
articles (589 citations), being the most influential paper in the literature on open
innovation.

2 Ulrich Lichtenthaler has had some papers retracted by some journals. Please see:
http://tinyurl.com/14d3rq8.

% Own elaboration, based in the analysis of the 32 most cited articles that have the term “open innovation”
in the title. Articles published in the period 2003-2013. Data from Scopus (www.scopus.com).
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Fig. 8. Number of articles and citations by Journal, based on the 32 seminal articles.”®

After reviewing the most cited articles and authors, to analyze the influence of open
innovation literature, it is also necessary to characterize those who cited open
innovation articles. The 339 open innovation related articles were cited by 2807
articles (which produced 4805 citations, as seen above), with 86 % published after
2010. Although most articles have authors from Europe, U.S. and Asia, it is possible
to observe some trends, namely an expansion in the number of countries and
geographical areas from where these citations originate (Figure 9). In fact, in the
period 2003-2009, citations originate from authors of 34 countries (no countries from
Latin America and only one country from Africa-South Africa), while in the period
2010-2014%" the number of countries more than doubled (78). The most represented
countries (U.S.A., UK and Germany) were the source of 51% of all authors in 2003-
2009, decreasing this percentage to 40 % in 2010-2013. In 2010-2014, there was a
significant growth in the number of authors from Asian countries, Latin America
(Brazil, Mexico, Colombia, Peru, Argentina, Costa Rica, Cuba, Ecuador and
Uruguay) and Africa (South Africa, Tunisia, Egypt, Morocco, Tanzania, Benin and
Ghana). China (6™ place), Australia (12"), Taiwan (14"™) and Canada (15") are the
countries outside Europe and the U.S. with more authors, concerning articles that
most cite open innovation related articles.

In the period 2003-2009, about 160 entities were responsible for the affiliation of the
authors responsible for 2807 articles that cite the 339 open innovation related articles,
while in the period 2010-2014 the top 160 entities represented merely 73% of all the
affiliations, located in a more dispersed geographic area than in the previous period.
Still, there is a clear prevalence of the authors’ affiliation entities that cite open
innovation related articles located in Europe the most, which represent 13 of the “top
15” entities (the other two are from Asia, namely China-Zhejiang University-and

% Own elaboration, based in the analysis of the 32 most cited articles that have the term “open innovation”
in the title. Articles published in the period 2003-2013. Data from Scopus (Www.scopus.com).

" For the characterization of the articles citing open innovation articles published in the period 2003-2013,
the year of 2014 was also included, in order to have a greater coverage of the citations made to articles
published in 2013. Thus, in this analysis were also included the articles available at Scopus up to August
2014, which cite open innovation articles published up to December 31,2013.
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Singapore-National University of Singapore).

In regards to the subject areas researched, open innovation related articles were cited
by 23 different areas in the period 2003-2014, with most part of the citations deriving
from the area of “Business, Management and Accounting”, “Computer Sciences” and
“Engineering” (62.7 % of the total, in 2003-2014), followed by “Social Sciences”,
“Decision Sciences” and “Economics, Econometrics and Finance” (Figure 10).
However, there is a growing attention of other areas within the open innovation
literature: between 2003-2009 and 2010-2014 there are new areas citing open
innovation literature (“Nursing” and “Materials Science”), but also a higher weight of
areas such as “Engineering”, “Social Sciences”, “Biochemistry, Genetics and
Molecular Biology”, “Environmental Science”, “Agricultural and Biological
Sciences”, “Psychology”, “Medicine”, “Pharmacology, Toxicology and
Pharmaceutics”, “Arts and Humanities”, “Chemistry”, “Energy”.

Figure 9. Origin of the authors of the Figure 10. Research areas that cite
articles that more cite open innovation open innovation articles
articles
Immunology and
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80,0% Nursing
Chemical Engineering
70,0% Multidisciplinary
Earth and Planetary
60,0% Energy
Chemistry
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Fig. 9. and Fig. 10. Characterization of the articles that cite open innovation articles.”®

In short, the analysis of section 5 highlights that the most influential authors and
academic institutions are from the U.S. and from Europe, where open innovation
research has mainly developed during the last decade (as seen in section 3).
Meanwhile, the literature on open innovation seems to have a growing influence on a
geographic and thematic level over time: there are more and more authors citing open
innovation literature around the world, from different geographical areas and from
higher number of countries; there is also a growing weight of countries outside
Europe and the U.S. (especially from Latin America, Middle East and Africa) and a

% Own elaboration, based in the analysis of the 2807 articles that cite the 339 open innovation articles.
Articles published in the periods: 2003-2013, 2003-2009 and 2010-2014. Data from Scopus
(www .scopus.com).
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higher number of entities per author's affiliation. This is interesting, because in
section 3 we saw that there were no articles analyzing the reality of some regions (e.g.
Africa) and just a few articles about other regions (e.g. Latin America). So, it could
mean that many of those authors are publishing articles (as authors or co-authors)
without any particular region or country as focus, being a question that should be
better perceived in further analysis. Open innovation literature is also extending its
influence over other research areas. Although the main research areas citing open
innovation are related to “Business, Management and Engineering”, there are many
others, including new areas (such as “Nursing”) and emerging areas (such as
“Phycology” or “Energy”). The question is whether this is a trend to continue in the
coming years or if this is due to the novelty and curiosity about the field of open
innovation. To be discussed, in the next section.

6. Conclusion and Discussion

Open innovation is a new research field within economics and management. Having
started by observing cases of multinational companies located in the U.S. (work
initially conducted by Chesbrough), mainly in high-tech sectors, open innovation
research has received a growing attention over the years, extending its geographical
and research scope of analysis. Being a new research area, the open innovation field is
still under development and consolidation, requiring a broader and deeper analysis in
order to gain influence in the academic field and a higher acceptance at a managerial
and business level (Remneland-Wikhamn and Wikhamn, 2013). Through bibliometric
analysis, this paper aims at contributing to that end.

6.1.  Exploring other levels of analysis

The bibliometric analysis developed in this paper shows that the “firm” is still open
innovation’s main level of analysis, which is understandable, since it was the starting
point of open innovation research (in 2003) and innovation (the new or improved
product, service, organizational process or marketing) is mainly conducted by
companies. Looking to the first 10 years of open innovation research (as seen in
section 3), we can see that a large percentage of studies had their focus on firms (on
large and/or multinational companies) and on technology-intensive areas and/or
sectors. However, from the economics of innovation literature standpoint, we know
that: innovation is a systemic and complex phenomenon; firms cannot innovate alone;
innovation can occur outside the business sector and in all type of firms; innovation
can occur in high-technology as well as in mature or low-technology areas (Caraga et
al., 2009; Lundvall, 1988; Nelson and Rosenberg, 1993). So, it is expected that, for
the consolidation and better understanding of the importance of open innovation as a
research field, other levels of analysis can be studied with further intensity and depth.
For example:

* How can the clusters’ approach be linked with open innovation activities?
Breschi and Malerba (2005) have a detailed analysis on the impact of clusters
in the innovation process, analyzing cooperation networks, geographical
location, agglomeration economies and network externalities, regional
innovation networks and social networks. Based on Simard and West (2006),
the benefits of open innovation can be enhanced in clusters (regional clusters),
since the effect of innovation networks can be expanded by geographical
proximity, with a positive impact on economic growth. But further analysis is
necessary in order to perceive all the potentialities of clusters in promoting
open innovation activities, and vice-versa.
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* How does open innovation fit into the literature of innovation systems? What
are the complementarities or divergences between both approaches? Since
2003 only 10 articles have been published (3% of the total) relating this two
areas. For example, Wang et al. (2012) analyzed the impact of open innovation
on national innovation systems (NIS), emphasizing the interactions since many
of the practices of open innovation are dependent on the characteristics and
performance of a particular NIS. But what do we know about regional
innovation systems and open innovation? Or about open innovation adoption
according to the specificities of different national innovation systems?

* What is the role of public policies in the creation of a better environment to
promote open innovation activities? And how can open innovation be an
approach used to design better public policies? Wang et al. (2012) and de Jong
et al. (2010) identify public policies’ action lines that can have impact in the
adoption of open innovation by firms and organizations. There are also few
advances in bringing open innovation to the local/municipality reality (e.g.,
Bakici, Almirall and Wareham, 2013) or in analyzing collaborative
partnerships for open innovation between public and private entities (Salmi
and Torkkeli, 2009). But research in the public sector or involving public
policies is very scarce and limited, thus the necessity for further research
towards a better understanding of the synergies between open innovation and
these areas, is highly required.

* How about open innovation at the individual level? How can organizations
benefit from individual orientation to new ideas and external sources of
knowledge? How can this contribute to a more inclusive and innovative
society? So far, it has been an area with little attention from open innovation
literature. One of the pioneer studies in this area was developed by Salter et al.
(2014), where they analyzed individual-level openness related to organizations
and networks. This is an emerging and multidisciplinary area, involving
economics, psychology and management, and a promising research field for
future research.

Even at the firm level, there are under-researched areas, such as the skills needed in
an open innovation context, the incentives and motivations to promote open
innovation or the transaction costs issue (West et al., 2014). Or, for example, the
analyses of open innovation practices within services and business services, as carried
out in Mention (2011), Mention and Asikainen (2012) or in Mina, Bascavusoglu-
Moreau and Hughes (2014). Or the work of Henkel, Schoberl and Alexy (2014), that
analyzes how and why firms adopt selective revealing in open innovation. So,
exploring other levels of analysis is a challenge that can bring new insights to the field
of open innovation.

6.2. The extension to new realities

Gaps in the open innovation literature could be filled by taking into account the
diverse realities and contexts of the economies all around the world, i.e. by extending
the geographic areas of open innovation research. From the results of this paper
(section 3), it is clear that open innovation research is still mostly focused on the
analysis of the U.S. and European reality, despite the increase in the relative weight of
research focused on other regions of the world after 2010, as in Asia or Latin
America. In Europe, most studies are still focused on the North and Centre countries,
with relatively little analysis centered in Southern countries (except for Italy) or
Eastern Europe. Notwithstanding, analysis by time periods shows an increase in the
number of open innovation research’s target countries between 2003-2009 and 2010-
2013, with emphasis on Asian countries (e.g. Malaysia, India, Pakistan or Hong
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Kong), some European countries (France, Poland, Hungary, Luxembourg, Lithuania,
Portugal, Greece and Norway), Latin America (Peru and Brazil), Middle East (Iran)
or Canada. However, there is a lack of open innovation analysis at a regional level
within those countries, as well as a lack of inter-regional or inter-countries
comparisons. One of the examples comes from Padilla-Meléndez, Del Aguila-Obra
and Lockett (2012), through the analysis of the social capital role in knowledge
transfer and exchange in Andalucia, Southern Spain. A more recent example is given
by Savitskaya, Salmi and Torkkeli (2014), who analyze outbound open innovation in
China and Russia, in an innovation system approach. But further data and information
at a regional or inter-regional (or countries) level is needed to better perceive open
innovation dynamics, barriers and specificities.

Meanwhile, there are geographic areas and countries where the open innovation
reality is barely known, as in the case of African countries-although there are
researchers from these regions and countries that cite open innovation articles-they
are not analyzing the reality of these countries (as seen in section 5). It is important to
understand the reasons behind that in future studies (is it because the lack of valid
data and information?). And how can the open innovation approach contribute to the
growth and competitiveness in transitioning or developing economies? What tools
and conditions are needed for the adoption of open innovation in those economies?
Undoubtedly, these are pertinent questions requiring clarifications and open
innovation researchers can contribute towards this direction.

6.3. New themes, new influences

The analysis of the most cited references shows that literature on open innovation has
been influenced by various fields of research, namely from the evolutionary
economics literature and from the dynamic capabilities approach (management and
organizational change, marketing and promotion of knowledge and R&D, the
creation, management and absorption of knowledge, etc.). Although the main
influences on open innovation research are rooted in several areas of economics and
management, developed over several decades, especially in the 1990s and 2000s
(retracting criticisms of Trott and Hartman, 2009), the bibliometric analysis of this
research has highlighted an overlap between authors who have more influence on
open innovation research (references) and the most influential authors of the open
innovation literature.

In fact, about 34% of the most cited authors by the open innovation literature (section
4) are also authors of the open innovation related articles more cited by other articles
(section 5). Such is the case of authors like Chesbrough, Gassmann, Cooke, West,
Vanhaverbeke, Salter or Christensen. This may be related to the fact that open
innovation is a new area of research, with an increasing number of authors and
articles, but with a concentration of articles in a small number of authors, namely
concerning the most cited articles (as seen in section 5). Also important is the fact that
most part of the references to open innovation research were published after 2000
(section 4), meaning that many authors are still publishing and many of them are also
open innovation authors. Another reason may have to do with the focus of the
analysis of open innovation research-mainly at the firm level-contributing to the
similarity of authors and themes between references and the open innovation most
cited articles. Analysis of open innovation at other levels (e.g. clusters, innovation
systems, individual level) and themes (e.g. public policies, financial sector, skills,
motivations, competition, communities) can contribute to enlarge the scope of
influence on the open innovation research, consolidating the open innovation
paradigm.
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6.4.  Other methodologies

We have seen in section 3 that most part of the methodology used by open innovation
studies is empirical in nature, using mainly case studies and questionnaires. Being
open innovation an “open” reality in a global and turbulent world, involving several
actors and different types of relations between them to explore new ways to create
innovation, open innovation literature could be enriched through the use of additional
research methods. For example: new ways to collect information, using focus groups,
online platforms or the Delphi method; new ways of predict trends and construct
strategies, using prospective or forecasting methods. Experimental economics can
also provide some insights to open innovation research, mainly with regards to the
analysis of openness at the individual level.

6.5 Limitations of this research

As a limitation of the research, it can be pointed out the non-inclusion of articles that
had “open innovation” in keywords or in abstracts, having only been considered the
articles with the term “open innovation” in the title. This choice avoided the
dispersion of the analysis with articles that may not have open innovation as the main
focus, although they might analyze related areas (as referred in section 2) and can be
important in terms of marking some research trends or other emerging research areas.
A more detailed understanding of the trend and impact of open innovation research
could be reached through the inclusion of these articles. In the text analysis, other
kind of software can be employed, in order to highlight other possible details. It
would also be interesting to compare the results with bibliometric papers that use co-
citations as a methodological tool. Nevertheless, it is expected that this research can
be considered as a step further into the knowledge on the open innovation field.
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