Acta Universitatis
Lappeenrantaensis

Roman Teplov

A HOLISTIC APPROACH TO MEASURING
OPEN INNOVATION: CONTRIBUTION TO
THEORY DEVELOPMENT




LUT
Lappeenranta
University of Technology

Roman Teplov

A HOLISTIC APPROACH TO MEASURING
OPEN INNOVATION: CONTRIBUTION TO
THEORY DEVELOPMENT

Thesis for the degree of Doctor of Science (Technology) to be presented with
due permission for public examination and criticism at the Auditorium of the
Student Union House at Lappeenranta University of Technology, Lappeenranta,
Finland, on the 24" of May, 2018 at noon.

Acta Universitatis
Lappeenrantaensis 797



Supervisors Professor Juha VVaatanen
LUT School of Business and Management
Lappeenranta University of Technology
Finland

Professor Marko Torkkeli

LUT School of Engineering Science
Lappeenranta University of Technology
Finland

Reviewers Professor Max von Zedtwitz
Kaunas University of Technology
Lithuania

Professor Alexander Brem

School of Business and Economics
Friedrich-Alexander University Erlangen-Nirnberg
Germany

Opponent  Professor Max von Zedtwitz
Kaunas University of Technology
Lithuania

ISBN 978-952-335-231-5
ISBN 978-952-335-232-2 (PDF)
ISSN-L 1456-4491
ISSN 1456-4491

Lappeenrannan teknillinen yliopisto
Yliopistopaino 2018



Abstract
Roman Teplov

A holistic approach to measuring open innovation: contribution to theory
development.

Lappeenranta 2018

113 pages

Acta Universitatis Lappeenrantaensis 797
Diss. Lappeenranta University of Technology
ISBN 978-952-335-231-5

ISBN 978-952-335-232-2 (PDF)

ISSN-L 1456-4491

ISSN 1456-4491

Since its introduction more than 10 years ago, open innovation (Ol) has become a popular
topic in the academic literature and has been accepted by many practitioners. The
paradigm incorporates recent tendencies in economic and business life. However, critics
have noted conceptual issues. Despite its presence in academia, Ol in its current state
must be regarded as a phenomenon rather than a theory. A lack of unified measurement
scales has precluded the holistic measurement of Ol adoption by companies, resulting in
fragmented studies. Due to different conceptualisations and measurements of Ol, the
results of such studies are difficult to benchmark, which in turn hinders the generalisation
and emergence of solid Ol theory.

This dissertation addresses the identified research gap: the absence of a standard approach
for assessing Ol adoption within companies. The research adopts multiple theoretical
lenses and combines concepts from different domains of knowledge, most notably from
innovation and strategic management. The research also combines two levels of analysis:
organisational and intra-organisational (i.e. individual). The research was accomplished
in several iterations that alternated theory-testing stages with theory building. The study
is quantitative and based on primary data collected between 2014 and 2015 from
companies representing 38 European countries.

This dissertation describes the development and testing of a new approach for assessing
Ol adoption within firms. The results indicate that while Ol activities can be viewed as a
necessary but insufficient indicator of Ol adoption, related organisational capabilities
(OC) and individual competencies offer higher precision in recognising companies that
adopt Ol strategically from each other. The classifications of Ol activities, OC and
individual competencies developed and tested in this dissertation contribute to the
academic literature and equip both researchers and policy-makers with a new
measurement tool. Practitioners will benefit from better understandings of the roles these
factors play in successful Ol implementation and the relationships between Ol and
company innovation performance.

Keywords: Open innovation; resource-based view; organisational capabilities;
competencies; innovation management; quantitative survey
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1 Introduction

1.1 Research background

It is hard to overestimate the importance of innovation in the modern world. Since the
beginning of the Industrial Revolution in the 18th century, the speed of change has
exhibited a constant state of growth. It was Joseph Schumpeter in the early 1940s who
recognised the importance of innovation for economic development. With the concept of
‘creative destruction, he emphasised the role of innovation in constant economic and
industry renewal, its ability to eliminate old arrangements and create new opportunities’
(Schumpeter, 1942;1975). Since then, innovation management has developed into a
sophisticated discipline involving advancements in technology and the social sciences.

The shift from simple technology-push or market-pull models to more complex
innovation approaches (Rothwell, 1994) required the development of appropriate theories
to guide a firm innovation strategy, as well as strategic management enriched with new
concepts to explain firm competitiveness. From this need, the idea of a resource-based
view (RBV) was developed based on the early work of Penrose (1959). This concept
proposed that resources directly influence company performance (Wernerfelt, 1984;
Barney, 1991). Later, this was clarified to say that it is not resources alone that bring
about desired performance, but rather their realisation though the activities performed by
the firm (Ketchen et al., 2007). The capability concept (different components of which
have been reflected in works by Prahaland and Hamel [1990], Teece et al. [1997] and
Eisenhardt and Martin [2000]), which emerged at the same time, complemented the
proposed relationship between resources and activities.

However, the highly dynamic and competitive environments of the modern world pose
ever-new challenges for firms. At the dawn of the 21st century, Henry Chesbrough
(2003a) declared that several paradigm-shifting trends (or ‘erosion’) would soon make
traditional models of organisation innovation processes (i.e. those that had been
successfully adopted by many firms in the 20th century) obsolete within companies. The
first shift is the growing availability and mobility of skilled employees more interested in
building a career portfolio than securing a single-employer job for life (cf. also Dahlander
& Gann, 2010). The second shift is that of improved access to venture capital (and the
consequent growth of entrepreneurship). The third is the emergence of new options for
the external commercialisation of unrealised ideas (i.e. start-ups), and, finally, is the
emergence of capable external suppliers that decrease market-entry barriers for new firms
(see examples from Brem & Tidd, 2012).

To respond to these new challenges, Chesbrough proposed the concept of ‘open
innovation’ (Ol), where opposite to traditional, closed ‘in-house’ research and
development (R&D) processes, firms collaborate with external partners. The approach
has two objectives: search for new ideas and expertise (referred to as ‘inbound’ or
‘outside-in’ OI) and find ways to commercialise projects that cannot be realised within
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current company boundaries (referred to as ‘outbound’ or ‘inside-out’ OI). This allows
the company to increase the efficiency of its innovation processes while optimising
internal R&D costs (Chesbrough 2003a; 2006; Chesbrough et al., 2006; Mortara et al.,
2009).

However, as opponents of the new concept have noted (e.g. Trott & Hartman, 2009;
Oakey, 2013), some firms were applying the practices described by Chesbrough long
before Ol (see also historical cases of Ol in: Aylen, 2010; Spencer, 2012). Another point
of criticism is OI’s conceptual ambiguity and lack of solid theoretical ground (e.g.
Dalhander & Gann, 2010). Indeed, despite more than 15 years of development, the
existence of an Ol theory still cannot be declared. Even Chesbrough himself uses the term
‘phenomenon’ instead of ‘theory’ when discussing the concept with those in opposition
to it (Chesbrough & Bogers, 2014).

Still, the absence of a clear theoretical framework has not precluded scholars from
studying Ol. Recent acknowledgements call for Ol to cease being used as a mere
(redundant) umbrella term for collaborative activities and defined instead as a set of
specific parameters for practice (cf. Lichtenthaler & Lichtenthaler, 2009; Enkel et al.,
2011). Some researchers, aiming to identify antecedences to successful Ol adoption,
employ concepts from the strategic management field—namely, research-based and
capabilities-based views (Lichtenthaler & Lichtenthaler, 2009). Others turn their attention
to identifying the individual competencies required of personnel involved in Ol (cf.
Hafkesbrink & Schroll, 2010; 2014; Du Chateiner, 2010; Bogers et al., 2018).

Beyond academia, Ol has enjoyed a positive reception in the business community
(Huizingh, 2011; Cricelli et al., 2016). The first documented cases of Ol in practice were
in large firms (Chesbrough, 2003a; 2003b; Huston & Sakkab, 2006), and later it was
acknowledged that SMEs could also benefit from OI (van de Vrande et al., 2009; Brem
et al., 2017). However, research efforts on the subject present conflicting findings. While
some authors report positive effects from Ol adoption (Chiesa et al., 2009; Parida et al.,
2012), others have recorded negative outcomes (Faems et al., 2010; Knudsen &
Mortensen, 2011). This confusion is largely the result of OI’s conceptual problems.
Though it boasts a significant number of sophisticated frameworks, the Ol field still lacks
a holistic understanding of the nature of the concept. These issues of definition in turn
mean an absence of a universal measurement model that would capture the various
dimensions of Ol adoption. This complicates the research and management of Ol
activities, resulting in lower-than-expected performance and unexpected difficulties.

Ol is not just a fad, but a real-life phenomenon with great potential to help companies
cope with modern challenges. At the same time, Ol requires further conceptualisation and
operationalisation of its measures if it is to become a useful theory for academics and an
efficient tool for practitioners. This dissertation does not attempt to build a complete Ol
theory, but rather takes a step towards such a theory’s emergence. The aim here is to
develop an approach by which to measure Ol adoption in companies and propose a model
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for Ol adoption measurement based on empirically tested and systematised scales that
represent the different levels (organisational and individual) of analysis.

1.2 Research gap and conceptual background

The Ol paradigm is not free from conceptual ambiguities. It has been proposed that Ol,
in addition to offering its collection of collaboration practices, should provide a ‘cognitive
model for creating, interpreting and researching those practices’ (Chesbrough et al., 2006,
p. 286). Unfortunately, as noted by Dahlander and Gann (2010), the existing literature on
Ol consists of fragmented works that apply non-unified models for their analysis, which
complicates the comparison of results and hinders eventual theory building. Even now,
despite advances in the field, researchers must account for significant knowledge gaps at
multiple levels of Ol analysis and admit that a theory of the concept still needs to be
developed (Randhawa et al., 2016; Bogers et al., 2017).

The lack of an established Ol theory is well documented by academics attempting to
analyse the phenomenon through the lenses of existing theories. This use of theoretical
lenses such as RBV and dynamic capabilities to explain Ol processes has improved the
general understanding of the concept. However, most of these studies focus on relatively
narrow topics and fail to create a holistic framework (Randhawa et al., 2016). Moreover,
the most popular approaches for measuring Ol—such as ‘breadth’ and ‘depth’ proposed
by Laursen and Salter (2006) and applied in many consequent studies—simply do not
capture or assess the whole spectrum of Ol-related processes within a given company.
Instead, they focus on specific activities (e.g. external knowledge search), which,
although an essential part of Ol, do not describe the full range of possible Ol strategies
(cf. Vanhaverbeke & Chesbrough, 2014).

Ol adoption also cannot be limited merely to practicing certain activities. In response to
a critique by Trott and Hartmann (2009), Chesbrough and Bogers (2014) stressed that Ol
adoption requires strategic alignment (see also Cheng & Huizingh, 2014). Occasional
engagement in activities such as licensing can hardly be deemed a manifestation of
strategic Ol adoption (Chesbrough & Bogers, 2014). Therefore, while collaborative
activities can be viewed as generic (i.e. practiced by both closed and open innovators),
the development of specific supportive capabilities should be viewed as the indicator of
Ol adoption (cf. Enkel et al., 2011).

The importance of studying Ol at various levels of analysis is well recognised in the
literature (Bogers et al., 2017). Since the pioneering work of Lichtenthaler and
Lichtenthaler (2009), many scholars have proposed Ol capability frameworks (e.g.
Hafkesbrink & Schroll, 2010; 2014; Enkel et al., 2011; Habicht et al., 2012; Hosseini et
al., 2017). Unfortunately, most of these remain at the conceptual level and do not describe
the operationalisation of organisational capabilities (OC), limiting their applicability. The
absence of large-scale quantitative studies to validate the proposed frameworks further
precluded them from adoption by scholars and practitioners.
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The individual competencies, or the ‘human side’ of Ol, although acknowledged as an
important study field (cf. Du Chateiner et al., 2010; Bogers et al., 2018), also suffers from
a lack of solid theoretical background and empirically validated frameworks. The
individual competencies described by Hafkesbrink and Schroll (2010) serve as building
blocks for OC and therefore contribute to the overall adoption of Ol by companies. For
example, with the acknowledgement of the role of intellectual property (IP) strategy for
companies engaging in Ol (see Enkel et al., 2011; Brem et al., 2017; Toma et al., 2018),
the ability to develop and manage such strategy has been recognised as a vital part of
company OC. At the same time, following the ideas of Grant (1996a; 1996b), such OC
should be based on the personal skills and abilities of the employees involved in IP
management activities. Despite this linkage being proposed long ago, studies still have
not resolved the gap in understanding the relationship between a high variety of specific,
individual-level competencies and company-level practices.

The impact of Ol on company performance has been studied by numerous scholars
(Mazzola et al., 2012; Caputo et al., 2016). Companies do not implement new practices
(especially those as complex as Ol, which requires significant strategical changes) simply
for the sake of doing so. Profit-oriented businesses seek to solve perceived challenges and
eventually gain benefits from adopting new systems like Ol. While the measurement of
performance is a complex and important issue, it is even more critical to understand the
input factors that facilitate the strategy (or management method) impacting the evaluated
performance.

As demonstrated (see also Chapter 2 for an extended discussion on the topic), there is a
research gap in the unified measurement of Ol adoption by companies. Studies on Ol
works often adopt too specific indicators that do not address the full spectrum of Ol
activities (e.g. the recent work of Caputo et al. [2016], which adopts Laursen and Salter’s
[2006] breadth and depth measures and therefore only considers the effect of external
searches, not other Ol practices). Further, neglecting to study the factors that facilitate Ol
(such as fostering Ol capabilities within an organisation or developing specific individual
competencies for Ol specialists) can lead to biased or confusing performance results when
the strategic level of engagement with Ol is not captured properly (Cheng & Huizingh,
2014). This identified research gap, and thus the focus of the current study, exists at the
intersections of several study domains, as shown in Figure 1.
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Organisational
level of analysis

Resource
based view

Innovation
management

Capability
based view

Strategic management

Intra-organisational

Focus of the study level of analysis

Figure 1. Dissertation conceptual framework.

At present, Ol is considered part of innovation management, covering all aspects of firm
innovation processes from initial idea generation to marketing activities and
dissemination. Innovation management is an umbrella term that groups together
interconnected disciplines such as technology and R&D management (Zabala-
Iturriagagoita, 2014). Similarly, many Ol studies have adopted multidisciplinary
approaches to establish connections between strategic management and, most notably,
RBYV (e.g. Drechsler & Natter, 2012; Cheng & Huizingh, 2014; Indradewa et al., 2017;
Foege et al., 2017).

RBV, according to Hult et al. (2005), should consider not only resources but also the
strategic actions these resources enable. The potential value of the resources can only be
realised through actions. With this in mind, company performance in a revised RBV
framework depends not only on resources but also on the activities performed by firms to
explore said resources (Ketchen et al., 2007). This stresses the importance of developing
the abilities required to perform actions successfully.

According to the capability-based view (Eisenhardt & Martin, 2000; Lichtenthaler &
Lichtenthaler, 2009), companies engaging in Ol must develop specific capabilities if they
are to benefit from Ol activities (cf. also Ahn et al., 2013; Brunswicker & Van de Vrande,
2014; Schuster & Brem, 2015). According to Grant (1996a; 1996b), firms must integrate
the relevant individual skills to develop the desired capability (in this case, capabilities
required for successful Ol practice). This creates the need for intra firm—level analyses to
identify the specific set of competencies employees need to perform in the new open
organisational environment and cope with new tasks (Du Chateiner et al., 2010; Bogers
etal., 2017; Bogers et al., 2018).
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Consequently, to address the identified research gap in the conceptual dimension, the
present dissertation uses a multi-level analysis that starts at the organisational level to
explore practices and combinations of activities, then moves to the interorganisational
level to develop a framework of competencies required for specialists to participate in Ol
activities performed at their organisation.

1.3 Research objectives and research questions

Currently, the main weakness of Ol as an innovation management concept is the absence
of an unambiguous theoretical foundation. Therefore, the critical task for Ol scholars is
to contribute to the development of a holistic Ol theory. This dissertation addresses the
theory development objective with focus on a specific gap: the need for an Ol adoption
measurement model. This study’s main objective, therefore, is to establish a framework
for measuring Ol adoption in companies. The study aims to identify indicators that
explicitly manifest a company’s Ol adoption at various levels of analysis and model the
interrelationship between such indicators to demonstrate their impact on company
innovation performance. The supplementary objective of this dissertation is to contribute
to the academic discussion on OC and the individual-level competencies required for
successful Ol practice.

This research seeks to answer the following research questions:
RQ1: What are the instruments for measuring Ol adoption by academic researchers?

RQ2: What organisational-level variables (such as activities and OC) characterise Ol
adoption by a company?

RQ3: What is the relationship between Ol-facilitating organisational-level variables and
company innovation performance?

RQ4: What individual competencies are perceived as important for the successful
implementation of Ol in companies?

The research questions have been deliberately made very specific. Upon reviewing the
existing literature (see Chapter 2), it was observed that despite the significant number of
scales adopted for capturing Ol in companies (RQ1), there have been few attempts to
verify correct understandings of these measures by businesses (RQ2). The widespread
use of secondary measures not initially developed for Ol does not guarantee that
companies classified as Ol adopters by such instruments have a similar understanding of
their level of Ol adoption. Further, while studies evaluating the impact of Ol on company
and innovation performance are common, the identified issues with Ol adoption
measurement may lead to confusing results, necessitating further exploration of the issue
(RQ3). Finally, most of the existing scales capture Ol adoption at the organisational level,
whereas conceptual models emphasise the role of individual competencies. Given the lack
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of large-scale quantitative studies on the topic, it will be important to evaluate scales for
Ol adoption at the individual level to compliment the measuring model (RQ4).

The chosen research questions are interdependent. Together, they address the dissertation
objectives (Figure 2). RQ1 serves as a starting point for the whole study, and the
information it collects is relevant in consequent papers that seek to answer the other RQs.
RQ2 and RQ3 complement each other by studying the organisational dimension of Ol,
and RQ4 complements the emerging model by drawing on insights from the intra-
organisational level (for a discussion of the various levels of analysis in Ol studies, see
Bogers et al., 2017). The answers to the research questions provide the knowledge
required to develop an approach for Ol adoption measurement. This approach draws on
the measurement model to include externally observable, objective indicators such as the
performance of specific activities, but also offers controls for assessing at different levels
the strategic orientation of companies towards Ol through specific OC and by fostering
specific skills with employers.

Ol adoption
easurement mode

I -
| Intra-organizational
| level

Organizational level

Figure2. Interconnections among research questions.

This dissertation consists of five publications, each of which contribute to answering the
identified RQs (see Table 1). These publications reflect the consecutive steps of the
research process. In line with the chosen research approach (see Chapter 3.2.1 for an
extended discussion), the current process combines (and alternates) theory testing with
theory development phases (deductive and inductive). Consequently, the research papers
interconnect in that results from the first papers inform the studies that follow.



24

Table 1. Relationships between publications and thesis research questions

model that organises
individual competencies
around organisational Ol
processes

Publication | Publication research objective | Publication RQs Thesis
RQs

| Review methods and 1. What is the current state of Ol quantitative | RQ1
measures applied to capture research? What are the most common
the Ol phenomenon in indicators used in measuring OI?
quantitative studies 2. What are the gaps leading to the quantitative

research agenda on OI?

I Compare scholars’ and 1. How does actual Ol adoption vary between | RQ2
practitioners’ perceptions of | companies claiming to be Ol adopters and
ol those who self-reportedly do not adopt OI?

2. What Ol activities, identified as such by
academic researchers, are not considered
‘open’ by business practitioners?

Il Structure Ol activities and What are the differences and similarities | RQ2
enhance understandings on between companies who claim to be in
companies’ association different stages of Ol adoption (also non-
between their degree of adoption of OI)?
engagement in Ol (activities)
and the level of Ol adoption

v Study whether the link 1. How does the adoption of Ol activities affect | RQ3
between specific OC and Ol | the linkage between an organisation’s internal
activities affects company capabilities and its performance?
innovation performance 2. How do organisational internal capabilities,

in turn, affect the linkage between Ol activity
adoption and company performance?

\% Develop an Ol competency What individual competencies are essential for | RQ4

Ol, and how can they be incorporated into a
generic model of organisational competency?
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1.4 Structure of the thesis

This thesis consists of two main sections. Part I presents an overview of the study, while
Part Il is made up of the individual publications that present the results of the research
process. Part | has been divided into five chapters. Chapter 1 sets up the background of
the research topic and explains the identified research gap. Chapter 2 outlines the extant
literature on the topic. Chapter 3 explains the dissertation’s methodological standpoints
and describes the data applied. Chapter 4 summarises the individual publications. Chapter
5 discusses the measurement approaches and presents the proposed model for Ol adoption
measurement. Chapter 6 concludes with implications for theory and practice and presents
recommendations for further research. The paper’s overall structure is described in Figure
3.

Part |
Input Overview of the thesis Output
' ~
Research background and Chapter 1 Research gap,
objectives |:> Introduction |:> research questions

\ J

!
( Chapter 2 A Overview of existing theories,

Existing literature |:> Literature review |:> concepts an_cl framgworks related
L : y to the topic; setting the scene
g ™
Chapter 3
Methodological choices |::> Research design and I:> Study design, data and variables
L methodology y
s 4 N
Individual publications Chapter 4 I:: Summary and findings of
':> Summary of the publications individual publications

\ J

¥
f Chapter 5 ) Model for Ol adopti

Ol indicators odel for Ol adoption
|:> Model for Ol adoption |:> measuring P

\ measuring y,

[
( ch 6 A Theoretical and practical

Study findings |:'> c aplter I:> implications, limitations and
§ onciusion J further research directions
Part i

Individual publications

Figure 3. Structure of the thesis.
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2 Literature review

This section describes the existing literature, concepts, definitions and theories related to
the topic of study. For convenience, the chapter has been divided into five subchapters,
each of which focuses on a single topic. The first subchapter is likewise divided into three
parts: an outline of the problematic definition of the phenomenon, a review of current
proposed classifications of Ol activities and a presentation of the existing measurement
scales. The subsequent subchapter discusses OC and their role in Ol adoption. The third
subchapter focuses on the competencies required of individuals to perform in an Ol
environment successfully. The fourth subchapter addresses the innovation assessment
topic with specific focus on measures used in the study of Ol. The final subchapter
summarises the review’s findings and discusses the Ol concept timeline, outlining the
emergence of key topics to be addressed in the present dissertation.

2.1 Open innovation

2.1.1 Definition

The definition of Ol as an independent, stand-alone concept has long been the subject of
debate in the innovation management community. Adjunct Professor Henry Chesbrough
first introduced the term ‘open innovation’ as a ‘paradigm that assumes that firms can and
should use external ideas as well as internal ideas, and internal and external paths to
market as the firms look to advance their technology’ (Chesbrough, 2003a, p. xxiv). Later,
Chesbrough and colleagues refined the concept 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. p.1). Chesbrough also
sought to associate Ol with company business models, differentiating between the actual
innovation process (defined by a firm’s innovation strategy) and value capturing (defined
by the firm’s business model). Companies adopting Ol may choose from a multitude of
possible innovation strategy (open or closed) and value-capturing strategy (open or
closed) combinations (Vanhaverbeke & Chesbrough, 2014).

Despite its positive reception in academia, including the expansion of theoretical and
empirical works on the subject, Ol has received severe criticism. Trott and Hartmann
(2009) argue that Ol offers nothing new and simply repackages existing ideas. Indeed,
collaborative innovation was in practice long before OI’s introduction (see historical
cases in Aylen, 2010; Spencer, 2012). Chesbrough has also been criticised for creating a
false dichotomy, as the archetypical ‘closed innovation’ he describes has never existed in
reality (cf. Trott & Hartmann, 2009; Dahlander & Gann, 2010). Further, Oakey (2013)
challenged Chesbrough’s claims of the benefits Ol can bring to small technology firms.
Other opponents of the new paradigm criticise its theoretical ambiguity and weak
evidence base (e.g. Mowery, 2009; Dahlander & Gann, 2010; Groen & Linton, 2010).
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In response to the criticisms (a normal circumstance when proposing a new concept),
efforts have been made to reshape the theoretical definition of Ol. The number of
quantitative works on the subject began growing significantly in 2009, indicating the
theoretical and methodological advancements of the concept. To reflect these
advancements, Chesbrough and Bogers (2014) updated their definition of OI to
incorporate recent developments in the field and guide future studies: ‘open innovation is
a distributed innovation process based on purposively managed knowledge flows across
organisational boundaries, using pecuniary and non-pecuniary mechanisms in line with
the organisation’s business model’ (p. 27).

2.1.2  Conceptualisation of Ol

Attempts to classify and organise the new paradigm started soon after its introduction in
2004. In that same year, Gassmann and Enkel (2004) in their seminal paper identified
three key Ol processes: inside-out, where firms commercialise existing knowledge;
outside-in, where firms search for and incorporate relevant knowledge from the outside;
and the coupled process, which is the strategic combination of both. Chesbrough and
colleagues later offered the alternative classifications of inbound and outbound OI, where
inbound Ol resembles the outside-in process and outbound corresponds to the inside-out
process (Chesbrough et al., 2006).

This existence of two parallel classifications created confusion in the literature. Some
authors, such as Huizingh (2011) and Spithoven (2011), adopted Chesbrough’s
terminology, while others like Enkel et al. (2009), Van de Vrande et al. (2009), Rohrbeck
et al. (2009) and Dahlander and Gann (2010) followed that of Gassmann and Enkel. This
was resolved only in 2014 when Chesbrough and Bogers applied a modified Ol definition
to offer a refined and unified classification of the concept’s processes.

In addition to the inside/outside classification, Ol activities are classified as pecuniary
(i.e. monetary) and non-pecuniary (non-monetary) (Dahlander & Gann, 2010).
Chesbrough and Brunswicker (2013; 2014) incorporated these distinctions with the
inside/outside set into a 2x2 matrix. The creation of the matrix enabled authors to organise
various Ol activities into groups.

The most recent advancement was made by a large collective of authors who wanted to
systematise Ol studies by level of analysis (see Bogers et al., 2017). Aiming to
operationalise and classify both existing and emerging trends in Ol studies, the authors
offered five levels of analysis: from the intra-organisational level, which involves
individuals, teams and units within an organisation, to the regional innovation system
level.

2.1.3 Ol measurement

Following the traditional path of any new concept, Ol development was initially based
on anecdotal evidence, narratives and case studies (e.g. Chesbrough, 2003b; Huston &
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Sakkab, 2006). The first work to utilise a large-scale survey took place in 2004
(Gassmann & Enkel, 2004), but it took an inductive approach and did not contain
quantitative analysis. The first papers to apply quantitative methodologies appeared in
2006 when the initial theoretical foundation of the concept was established. Since then,
the number of quantitative papers exploring Ol has grown steadily.

Most researchers using the case study approach can choose their topics of interest quite
freely, but scholars using quantitative methods to explore Ol must depend on the data
available. Due to difficulties in collecting original data, many works have relied on
secondary datasets, most notably the community innovation survey (CIS) database
conducted by Eurostat.

In their work, Laursen and Salter (2006) introduced the highly popular measures of search
breadth and depth, where breadth corresponds to the number of sources used and depth
represents intensity of usage. Although the measure was based on secondary CIS data
(which was not specifically designed to capture the Ol process), it was received well in
academia (e.g. Ebersberger et al., 2012; Kohler et al., 2012; Sofka & Grimpe, 2010;
Spithoven, 2013; Greco et al., 2016; Presenza et al., 2017) and underwent some
modifications (e.g. Idrissia et al. [2012] extended the original list of 16 sources to 21 to
address specific country settings). Other authors attempted approaches that resembled
outbound (van Hemert et al., 2013) and coupled (Belussi et al., 2008) Ol activities.

Other attempts have been made to apply entirely alternative measures. Some scholars
followed a simple approach that conceptualised Ol as a binary variable (Mention, 2011;
Sandulli et al., 2012), while others adopted more complex scales tailored to specific
aspects of Ol, such as interaction level, information flow regulation methods (Haussler,
2010), network effectiveness (Rampersaad et al., 2009), not invented here (NIH) and not
sold here (NSH) syndromes (Tranekjer & Knudsen, 2012), corporate venturing intensity
and network organisation (Anokhin et al., 2011). In their recent study, Caputo et al. (2016)
conceptualised Ol (or, per their offered alternate name, ‘openness’) as a four-dimensional
concept comprised of through costs, revenues, additions and disposals. Indeed, adopting
different perspectives of analysis (e.g. Brem and Viardot, 2015) led to developing unique
measures that reflected the chosen research focus.

However, despite these classification efforts, few scholars have attempted to develop an
actual list of Ol activities (i.e. the activities attributed to the Ol paradigm). Burcharth et
al. (2014) explored the impact of attitudes (such as NSH and NIH syndromes) on Ol
adoption in Danish SMEs, and from that developed a list of 11 Ol practices. In contrast,
Chesbrough and Brunswicker (2013; 2014) mainly focused on Ol adoption in large
enterprises, from which they produced a comprehensive list of 17 activities divided on
the inbound/outbound and pecuniary/non-pecuniary matrix.

By analysing other works that studied Ol activities (e.g. Mazzola et al., 2012; Theyel,
2013), an agreement regarding certain practices (such as co-development or in- and out-
licensing) becomes observable. In particular, advancements in technology (most notably
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internet penetration) mean higher adoption rates of collaborative practices such as
crowdsourcing, innovation contests and the involvement of innovation intermediaries.
These practices are often associated with Ol (Chesbrough., 2003a; Chesbrough et al.,
2006). It is also logical to assume that a company engaging in Ol should adopt
collaboration practices, and that such adoption should be at a level higher than that of
firms without clear collaboration strategies (cf. Chesbrough, et al., 2006; Chesbrough &
Bogers, 2014).

In sum, despite significant theoretical advancements, Ol scholars and practitioners still
do not have a universal scale for measuring Ol adoption. While some scales have received
noticeable recognition, they are limited in applicability and do not capture the whole
spectrum of Ol activities. Further, the scarcity of papers attempting to provide such a list
demonstrates that this problem has not received enough attention, despite the lack of
common measurement framework having been noticed several years ago (Dahlander &
Gann, 2010).

2.2 Organisational capabilities

Scholars have developed various frameworks in attempt to describe organisational
competitive advantage. RBV was developed in the 1980s and early 1990s (Wernerfelt,
1984; Barney, 1991) as a response to the failure to explain firm competitiveness with
other contemporary approaches (e.g. Rumelt, 1984; Teece, 1984; Cool & Schendel,
1988). The concept draws from earlier works by Penrose (1959), and to some extent
Schumpeter (1942; 1974). Unlike market-based frameworks (e.g. Porter’s Five Forces
Framework [Porter, 1979]), RBV focuses on internal company characteristics.

In his seminal article, Barney (1991) postulated that firm heterogeneity comes from the
resource base the company possesses. Per this explanation, the resources should ‘include
all assets, capabilities, organisational processes, firm attributes, information, knowledge,
et cetera controlled by a firm that enables the firm to conceive of and implement strategies
that improve its efficiency and effectiveness’ (Barney, 1991, p. 101). To provide
competitive advantage, the resource should be VRIN: (V)aluable, (R)are, (I)nimitable and
(N)onsubstitutable. Note that this resources definition includes not only tangible but also
intangible assets and capabilities in addition to activities (Helfat et al., 2007).

Critics argued that the concept failed to identify real mechanisms between the simple
possession of resources and the acquisition of competitive advantage (Priem & Butler,
2001a; 2001b; Bromiley & Papenhausen, 2003; Sirmon et al., 2008; Sanchez, 2008).
Ketchen et al. (2007) elaborated on the framework, explaining that the mere possession
of resources is not enough, and that a firm must perform strategic activities to exploit the
resources and gain competitive advantage. Scholars of the capability-based view
(Eisenhardt & Martin, 2000) highlighted the importance of capabilities as an intermediate
chain between the firm’s resources and exploitation activities (e.g. Amit & Schoemaker,
1993; Dutta et al., 2005).
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Capabilities at the firm level have long been a subject of study. Teece (1997) coined the
concept of ‘dynamic capabilities’, which defined a company’s ability to adapt in
constantly changing environments. Dynamic capabilities referred to competencies that a
firm can develop during its life. They can be changed (i.e. enhanced or abandoned)
depending on company strategy and environment (Teece et al., 1997). The concept of
dynamic capabilities therefore complements RBV (Wang & Ahmed, 2007).

Other scholars have approached OC from a general level. Grant (1996b) defined OC as
‘a firm’s ability to perform repeatedly a productive task which relates either directly or
indirectly to a firm’s capacity for creating value through effecting the transformation of
inputs into outputs’ (p.377). Mengus and Auh (2010) stressed the importance of OC in
developing a company’s innovation performance, which in turn, as Ketchen et al. (2007)
described, should lead to overall performance improvement.

Understanding the role of capabilities leads to a revised RBV framework, where a
company’s competitive advantage depends not merely on the resources available but
rather on the firm’s ability to combine and exploit those resources. Therefore, OC can be
viewed as an intermediate element that enables the successful performance of activities
and the consequent benefits from possessed resources. The Ol perspective proposes that
firms can also gain access to resources and knowledge from outside the company
(Chesbrough, 2003a). Such a dual system might compensate for shortages of internal
material resources and/or knowledge (Collier et al., 2011), though it demands the
development of specific capabilities by the company (cf. Hafkesbrink & Schroll, 2010;
2014; Enkel et al., 2011).

To address the challenges Ol sets for companies, some researchers proposed various
capability frameworks to facilitate the adoption and management of new practices. The
first to do so were Lichtenthaler and Lichtenthaler (2009), who devised a comprehensive
model of the capabilities they saw as necessary for the successful performance of Ol
activities. The model consisted of internal and external dimensions and described the
capabilities required to explore, exploit and retain desired knowledge. However, despite
multiple authors providing examples of the model, it was never tested in empirical
settings (e.g. by means of a large-scale survey and consequent quantitative analysis).

Following the dynamic capability perspective, Chiaroni et al. (2010) described the
process of Ol implementation as a dynamic one, thereby linking it to change management
literature. Cheng and Chen (2013) further expanded the topic, analysing how dynamic
capabilities applied in the Ol context. Schuster and Brem (2015) in their study of
companies from the automotive industry examined associations between inbound and
outbound Ol and various company capabilities. Running with the idea that the capabilities
required for successful Ol implementation are reflected in organisational structure and
adopted managerial practices (e.g. Chiaroni et al., 2010; Nisar et al., 2016), Gold et al.
(2001) emphasised the role of organisational culture in internal knowledge sharing. Other
commonly discussed practices include the introduction of a reward system (Chesbrough,
2003a; Huizingh, 2011; West & Gallagher, 2006) and the positive role that a properly
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designed knowledge management system can have on fostering knowledge transfer (e.g.
Sakkab, 2002; Gassmann & von Zedtwitz, 2003; Dodgson et al., 2006; Brem et al., 2017).

Hafkesbrink and Schroll (2010) developed a unified framework to organise the
capabilities relevant to successful Ol implementation into three groups. The first group,
‘organisational readiness’, describes a company’s overall level of organisational openness
(i.e. organisational culture and adoption of specific managerial practices that facilitate
knowledge flow). The second and third groups contain specific capabilities for
collaboration and knowledge absorption. Hosseini et al. (2017) presented a
comprehensive framework consisting of a large set of capabilities relevant for Ol
implementation. Both frameworks capitalise on extant literature, but neither have been
tested empirically, thus limiting their practical applicability.

To summarise, the OC concept has received noticeable attention in the Ol domain.
Though Renmeland-Wikhamn and Wikhamn (2013) claim that the topic’s popularity is
in decline, scholars still give it attention (e.g. Schuster & Brem, 2015; Hosseini et al.,
2017). However, while the existing literature provides examples of thorough analysis
concerning the roles of certain OC, the idea of a holistic framework remains at the
conceptual level without empirical validation across large, international samples.
Therefore, the importance of OC to the successful adoption of Ol activities demands
further empirical investigation.

2.3 Individual competencies

The concept of individual (i.e. personal) competencies has a long history in management
literature (Mulder, 2007). Depending on the knowledge domain, understandings of the
nature of said competencies vary significantly (Mulder, 2015). Mulder (2007) notes that,
historically, the term ‘competence’ can refer to both authority and capability, which can
cause confusion when seeking an understanding and consequent applications.

In attempt to organise the existing concepts and develop a common language, Mulder
(2007) defined competence as ‘the general capability of persons (or organisations) to
perform (such as an activity, a task, solve a problem) that is developing’ (p. 11).
Originally proposed for an educational context, this definition was later revised and
generalised by Du Chateiner et al. (2010), who described competence as ‘the integrated
set of knowledge, attitudes and skills of a person’ (p. 272).

Competencies should not be considered as mere collections of skills and knowledge,
however, as they include also the individual, behavioural characteristics of a person
(Rychen & Salganik, 2003). For effective communication competency, for example, the
psychological characteristics and attitudes of the person play equally as important a role
as actual language knowledge. Therefore, when analysing competency frameworks,
scholars must adopt multidisciplinary approaches that consider a range of cognitive
elements (i.e. those related to the application of tacit knowledge), functional elements
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(e.g. specialised technical skills required for accomplishing specific tasks) and
interpersonal characteristics and ethical values.

Mulder (2007) differentiates between ‘competence’ and ‘competency’ in that the latter is
a component of the former. To follow Mulder’s logic (2007; 2015), general competence
is a constellation of specific competencies. An individual might have only one
competence, but that consists of a unique set of individual components or competencies.
The competencies, in turn, can be grouped to reflect the various dimensions of general
competence and facilitate analysis (e.g. Bartam, 2005; Soderquist et al., 2010;
Hafkesbrink & Schroll, 2014).

When Ol combines existing and new practices, it creates new managerial tasks and
challenges that require their own specific individual competencies (Hafkesbrink &
Schroll, 2010; Du Chateiner et al., 2010). However, while some authors recognise the
importance of individual competencies in Ol (e.g. Mortara et al., 2009; Hafkesbrink &
Schroll, 2010; 2014; Du Chateiner et al., 2010; Habicht et al., 2012), most still overlook
this dimension (Bogers et al., 2017; Hosseini et al., 2017). Prahaland and Hamel (1990)
emphasised the importance of competencies learned at different levels, but many
researchers still focus on organisational-level capabilities without explicit consideration
of individual-level competencies (cf. Lichtenthaler & Lichtenthaler, 2009; Ahn et al.,
2013; Cheng & Huizingh, 2014).

Mortara et al. (2009) proposed a framework consisting of the skills and complementing
behavioural characteristics required of Ol specialists. They divided these skills into four
categories—introspective, extrospective, interactive and technical—and described
personal attributes such as ability to learn, sociability, techno-business mindset,
leadership, entrepreneurial mindset, adaptability and flexibility. However, this model
does not explain links between skills and behaviours. Furthermore, because the authors
collected data from large multinational enterprises, the framework is limited in its
applicability to smaller firms with often limited resources (both financial and personal)
that cannot always afford to have specific personnel assigned exclusively to Ol-related
activities (e.g. van de Vrande et al., 2009; Brunswicker & van de Vrande, 2014).

Du Chateiner et al. (2010) identified other Ol challenges, such as low reciprocal
commitment, lower social cohesion, unsafe learning climates, high diversity and
cognitive distance (the complete list consisted of 13 challenges derived from the
literature, though not all were uniformly considered as important challenges by
interviewees). To address these, the authors proposed four clusters of competencies to
help overcome the identified challenges and support the successful management of Ol
projects. They describe the first cluster (self-management) as a base competence, while
the others address specific Ol tasks: interpersonal management competencies to facilitate
inter-organisational collaboration, project management competencies (fairly generic in
nature) for the overall innovation process and content management for collaborative
knowledge-creation activities.
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Some researchers suggest an interplay between OC and individual competencies. Habicht
etal. (2012) developed a maturity framework consisting of four dimensions at the process
level and three individual-level competencies. They demonstrated via validation
interviews that all the competencies were important for Ol implementation. However,
these authors neither described the operationalisation of measuring such competencies
nor mentioned the required level of development for each maturity level. Similar
limitations may be observed in the very recent work of Hosseini and colleagues (2017),
who developed an alternative Ol capabilities framework. The framework features five
dimensions of capabilities, including company-level as well as individual competencies.
Each level contains capabilities related to specific Ol processes. However, without
validation based on a large-sample analysis, the framework remains on the conceptual
level.

A commendable effort may be observed in Hafkesbrink and Schroll (2014), who applied
an extensive body of academic literature on ambidexterity to the Ol context and proposed
a set of organisational and individual skills to support company exploration and
exploitation activities. According to Jansen et al. (2009), exploration activities support
radical innovation processes while exploitation deals with incremental innovation.
Hafkesbrink and Schroll (2014) developed an extensive list of specific competencies for
a novel ambidexterity model. Earlier works by the same authors (Hafkesbrink & Schroll,
2010) had different focus; they did not apply ambidexterity literature terminology,
dividing competencies instead into individual skills, methodological skills and personal
skills. The authors proposed a relationship between individual and organisational
competencies (conceptualised in the present study as organisational readiness,
collaborative capabilities and absorptive capacities; see Chapter 2.2. for an extended
discussion on OC).

In sum, individual-level competencies have long been an important topic in HR
management literature, but recently their importance has extended to the Ol domain. Most
authors identify behavioural competencies as reflecting personality as well as specific
(technical or managerial) skills and knowledge, and many have proposed categorical
frameworks. However, the proposed frameworks are largely generic and fail to develop
or test scales for measurement. Consequently, even though all the proposed frameworks
are grounded in extant literature, they lack validation by large-scale surveys. This reveals
a clear need for a measurement model that would capitalise on the developed theoretical
frameworks and facilitate their practical implementation in Ol management.

2.4 Innovation assessment and innovation performance

The innovation assessment topic has received significant attention from academics.
Scholars have assessed innovation from company to country levels (e.g. the concept of a
national innovation system developed by Freeman [1982; 1995], Nelson [1993] and
others). Of these, innovation management-related analyses at the company level are the
most common. At this level, two approaches appear most relevant: 1) assessment of
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company innovativeness and 2) evaluation of innovation performance. Works from the
first group aim to identify and evaluate the components enabling successful innovation
management within a company. Results have included innovation audit tools (e.g. Chiesa
et al., 1996) that enable managers to understand the situation within the company and
identify the need and direction for next steps. Works from the second group do not focus
on innovation per se, but rather on innovation performance.

Innovation performance in turn can be conceptualised as industrial innovation
performance and economic-financial performance (Greco et al., 2016). Industrial
innovation performance concerns the output of innovation processes measured in new
products and services, whereas economic-financial performance, as the name indicates,
focuses on the financial measures of the company. Simply put, industrial innovation
performance measures focus on company R&D outputs, while economic-financial
performance measures address the outcomes of innovation processes for company
profitability. While financial measures are traditionally considered the most important
(e.g. Brown & Svenson, 1988) the importance of other indicators has been recognised
(Eccles, 1991). Consequently, using instruments from both groups creates a
complementary system—uwhile tools to assess innovativeness capture the input factors
(company innovativeness), indicators from the second group reveal the results of
company innovation strategies.

In the OI study domain, most empirical studies focus on assessing either innovation
process outputs or financial outcomes (e.g. overview in Mazzola et al., 2012). Indeed, the
impact of Ol on company innovation performance and resultant financial revenues has
long been in the spotlight. Among the measures applied to evaluate industrial innovation
performance are R&D output (Waguespack & Fleming, 2009; Teirlinck & Spithoven,
2013), research intensity (Spithoven, 2013) and degree of novelty (Laursen & Salter,
2006; Sofka & Grimpe, 2010; Czarnitzki & Thorwarth, 2012; Ebersberger et al., 2012;
Spithoven, 2013). Among the economic measures are sales of new-to-market products
(Berchicci et al., 2012; Sandulli et al., 2012; Wagner, 2013; Roper et al., 2013; Wu et al.,
2013), increased market share and reduced unit labour cost (Janiero et al., 2013). In some
cases, mere firm performance measures in profit before tax (Kaforous & Forsans, 2012;
Wu et al., 2013). Some authors (e.g. Nunez-Sanchez et al., 2012; Wang et al., 2013)
adopted technical impact measures (e.g. patents) in attempt to merge technical and
economic effects.

Still, these studies that attempt to provide an Ol measurement tool largely remain at the
conceptual level (see overview of the Ol models in Chapter 2.2 and 2.3). Further, works
analysing the impact of Ol that feature a great diversity of input factors often end in
confusing results (e.g. Knudsen & Mortensen, 2011). Thus, while many authors have
analysed the impact of openness on company financial and innovation performance,
openness cannot be viewed as unambiguously synonymous with Ol. Furthermore, the
measures commonly used in empirical studies to capture Ol adoption (see Chapter 2.1.3
for detailed overview) often provide little guidance for managers aiming to evaluate the
results of their implemented strategy. In sum, this analysis of the existing studies
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assessing Ol reveals a high variety of measures for different aspects of performance but
an overall lack of holistic measures for the input factors that represent actual Ol adoption
by a company.

2.5 Literature review summary

Ol started as a reflection of a real-life business phenomenon (Chesbrough 2003a; 2003b;
Huston & Sakkab, 2006) and quickly become a popular topic among academics
(Huizingh, 2011; Cricelli et al., 2016). Over its more than 15-year history, the original
concept has been elaborated upon and expanded. A timeline of these changes and
significant milestones in the academic discussion on Ol is presented in Figure 4.

Emergence of Capabilities frameworks Response to critic, View Ol as a
Ol introduction, early quantitative studies, concept refinement, multidimenional
conceptulaization measures development Critic of the concept revised definition concept
[
2003 2006 2009 2014 2017
Chesbrough, 2003a,b Laursen and Salter, 2006 Trott and Hartman, 2009 Chesbrough and Bogers, 2014 Bogers et al., 2017

Gassman and Enkel, 2004
Lichtenthaler and Lichtenthaler, 2009;

Du Chateiner, et al., 2010;
Enkel et al., 2011

Figure 4. Timeline of Ol research in academia.

After the initial stages of concept development and classifying Ol processes (e.g.
Gassmann & Enkel, 2004; Chesbrough et al., 2006), scholars began attempting to develop
measures for quantitative assessment, the most notable work being that by Laursen and
Salter (2006). Since 2006, the amount of quantitative research on Ol has grown steadily,
as scholars have analysed the concept from various angles. The evaluation of Ol impact
on company performance has achieved a significant share in such studies. However, the
measures adopted by scholars to date lack a uniform base, which has led to a fragmented
picture of Ol adoption among participating companies (Dahlander & Gann, 2010).

Attempting to fill the gap with holistic Ol adoption measures, scholars have analysed the
different aspects of Ol adoption and practice from the perspective of existing managerial
theories, ultimately demonstrating that Ol requires the fostering of specific OC.
Lichtenthaler and Lichtenthaler (2009) presented the first such Ol capability framework
in their seminal work. Du Chateiner and colleagues (2010) approached the problem of
practicing Ol from another perspective, stating that analyses should focus on individual
(personal) competencies to help managers cope with the challenges of OI. This makes
their work the first attempt in the literature to extend the individual competencies
framework to Ol managers.

The next logical step was to combine these two perspectives. Such unified frameworks
were developed by several scholars (e.g. Habicht et al., 2012; Hosseini et al., 2017).
Hafkesbrink and Schroll (2010) used Grant’s early ideas (1996a; 1996b) to propose that
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individual competencies can be viewed as grounds for creating the necessary OC for Ol
practice. These authors noticed that while certain capabilities are indeed Ol specific,
others contribute to innovation processes within companies irrespective of Ol strategy.
Despite the usefulness of these insights, however, the proposed frameworks were not
verified by large-scale surveys, grounded mainly in expert interviews and in-depth
literature analyses instead, which limits their applicability.

This demonstrates that despite its 15-year history, Ol is still a young concept with many
unresolved issues. The lack of unified Ol adoption measures has been well recognised by
scholars (Dahlander & Gann, 2010). The current literature review and Publication |
enclosed in the present study reveal an extensive list of Ol indicators that have not been
merged in a holistic model. Consequently, the relationships between these indicators have
not been explored properly. In other words, there is a gap in understanding which factors
determine the strategic adoption of Ol in companies. This lack of common understanding
hinders the evaluation of the impact of Ol, as input factors (capturing Ol within firms)
vary and do not always align with business perceptions about Ol. This dissertation aims
to address this gap in the existing academic literature by developing an Ol measurement
model that adopts multiple levels of analysis and accounts for various indicators of Ol
adoption.
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3 Research design and methodology

This chapter discusses the methodological choices of the present study. Sound, robust
methods are essential for achieving reliable and valid findings, while the research
philosophy paradigm determines the choice of specific research approaches and
consequently affects the overall research process. Therefore, the main objective of this
chapter is to define and explain the philosophical perspective of this thesis and to describe
the methodologies, data collection methods and analysis strategies applied. After
introducing the research paradigm, the chapter describes the current research design and
methods for data collection and analysis, concluding with a validity and reliability
assessment and research implications.

3.1 Research paradigm

Understanding the philosophical background of research is an essential prerequisite to
assessing findings and research implications (Bechara & van de Ven, 2007). A
researcher’s choice of specific philosophical research paradigms may not be deliberate
(nor explicitly pronounced), so accounting for the researcher’s personality and worldview
is important when seeking to understand and explain such choices (Johnson & Clark,
2006). Many paradigms are traditionally associated with research approaches and,
consequently, the methodologies applied affect the interpretation of results and
generalisability of the overall study.

Paradigms can be understood by their underlying philosophies and are built on
ontological, epistemological and axiological choices. Ontology reflects perceptions about
the nature of reality, whereas epistemology describes the relationships between researcher
and reality (i.e. the nature of knowledge). Axiology accounts for the researcher’s goals
and values. Axiological assumptions, though not necessary explicitly communicated,
affect the choice of the topic and the actual investigation methods.

The ontological choice balances two extremes: where reality is objective and independent
from researcher-realism, or where it is a product of the individual’s consciousness-
nominalism (Burrell & Morgan, 1979). Even in the natural sciences, it is not always
possible to capture the ‘objective’ and perfectly measurable nature of the world (e.g.
Heisenberg’s uncertainty principle); in the social sciences, this task becomes even more
complex. Therefore, a nominalist worldview is the natural response to the limitations of
the former approach. Social constructivism relaxes some assumptions of nominalism and
accepts that, although the observed social reality is the product of interactions between
individual actors, the presence of certain shared values and common beliefs allows the
existence (and study) of a single reality rather than a multiplicity of unique realities for
each separate actor as the radical nominalist approach would suggest (Burrell & Morgan,
1979).
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These two opposite epistemological standpoints can also be considered through the
objectivist-subjectivist perspective. The objectivist worldview is based on natural science
traditions and assumes that there is a directly observable, ‘real’ and independent
phenomena that can be properly measured. Subjectivism, in contrast, accounts for
unavoidable investigator biases. Consequently, subjectivist epistemology places greater
emphasis on ‘soft’ factors such as opinions over facts and numbers. Instead of developing
general laws, subjectivists study individuals in their contexts.

The role of axiological choices becomes especially significant in qualitative research
where the researcher’s own values may impact the data collection and analysis. However,
quantitative methods are more formal and tend to be less affected by the individual’s
position (although the choice of the methodology can be partially the result of specific
values and goals). As noted by Gelman and Loken (2016), quantitative datasets enable
multiple interactions to be tested and a variety of hypotheses set. Still, the possibility that
the researcher’s individual beliefs and preferences may affect the choice of variables and
the type of relationships (models) to examine must be acknowledged. Moreover, results
interpretations can also be affected by whether the researcher follows one or another
statistical paradigm (e.g. Hurlbert & Lombardi, 2009).

Eventually, combinations of various ontological and epistemological choices (sometimes
with additional dimensions) (cf. Burrell & Morgan, 1979) form research paradigms (Guba
and Lincoln, 2005). Researchers identify a high variety of paradigms to capture the whole
continuum between extreme ontological and epistemological positions. Figure 6 shows
several of the most common paradigms ranked on a continuum between objective and
subjective poles.

Objective Subjective
Positivism Critical realism Interpretivism Postmodernism

Figure 6. Research paradigms.

Of these, positivism considers the study objects as real and observed phenomena. The
philosophy originates from the natural sciences and attempts to elaborate on universal
laws and generalise the findings. This often falls under criticism, as the social world
cannot be treated as a mere constitution of physical entities; further, the researcher often
is connected to the object of the study, which invalidates the claim of value-free
observations.

Critical realism understands the limitations of positivism and attempts to resolve them.
The realist recognises the imperfections of external observations and the inability to
conduct value-free research. Reality is still considered as ‘objective’ rather than entirely
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the product of the individual’s perceptions. The biases that arise from the inability to
conduct perfectly objective measurements are recognised, but are considered as issues to
be controlled for rather than the actual study subject (and the reason to abandon attempts
to uncover the ‘objective’ world).

The interpretivist worldview is also a response to the deficiencies of the positivist
approach, but an opposite one to that of critical realism. Instead of trying to solve the
problems with classical positivism, interpretivism emphasises alternative values. This
view recognises the importance of context and focuses on individuals as research objects,
denying the existence of universal, perfectly generalisable laws (at least for the social
world). Interpretivist works use rich, narrative data to understand individuals’ feelings
and perceptions. The researcher also becomes part of the research, not just as an
unavoidable bias but as an important and equally valuable part of the research.

Postmodernism departs from positivist values a step further. Postmodernists recognise
that language can only provide an imperfect explanation of the phenomena behind
imprecise definitions. They try to deconstruct the observed reality and reveal hidden
mechanisms and power relations.

In respect to the current study settings and objective, each paradigm has its own strengths
and weaknesses. At first glance, the positivist approach, in its elaboration on universal
rules similar to the laws of the natural sciences, seems the most appropriate for developing
the phenomena measurement model. However, as has been noted by many scholars, this
approach can be too rigid for the social sciences and lead to biased and inconsistent results
by failing to account for the individual perceptions of study objects. Publication 1 reveals
such a problem in comparing academic and business understandings of Ol. In contrast,
interpretivist and postmodernist approaches, with their focus on individual experience
and the acceptance of opinion pluralism, can better handle complex and multidimensional
concepts such as Ol. However, the very nature of such paradigms does not allow for the
creation of universal, generalisable models, making these structures inappropriate for the
present study.

Therefore, this dissertation adopts the critical realist worldview. That the researcher’s
understanding of reality is biased due to the imperfections of measurement instruments
and because of personal beliefs does not merit sacrificing the generalisability of the
results. In fact, the research gap currently addressed by this dissertation concerns the
absence of a common understanding of the concepts of Ol; at present, Ol studies follow
subjective development paths. Though several thorough, quantitative studies have been
conducted (the methodology commonly associated with objectivism), the lack of a
common measurement framework that would combine the different aspects of Ol
adoption (and different levels of analysis) has caused understandings of the phenomena
to be fragmented at best—in a sense, subjective. Thus, this dissertation attempts to
account for the imperfection of the measurement instruments and the plurality of
understandings to find some common ground among the concept’s stakeholders (i.e.
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organisations and academia). Testing such an approach should enable objective
assessments of the phenomenon and serve as a step towards Ol theory development.

3.2 Research approach

3.2.1  Theory development or theory testing

Traditionally, there are three main research approaches: induction, deduction and
abduction. All associate with specific research methodologies and specific research
paradigms. Deduction, which aims to elaborate and verify (or reject) hypotheses based
on existing theories, is the approach most commonly associated with the positivist
worldview and quantitative methods. Induction aims to elaborate new theories rather than
test existing ones, making it the logical choice for interpretivists adopting qualitative
methodologies such as in-depth interviews or action research (Eriksson & Kovalainen,
2008; Graebner et al., 2012). The extreme case of such an approach is the ‘grounded’
theory, where the researcher begins without any strong hypotheses from existing theories
(Shah & Corley, 2006; Corbin & Strauss, 2009). Finally, the abductive approach
combines several rounds of inductive theory-building with the analysis and comparison
of existing theories (Dubois & Gadde, 2002). Such an iterative process seeks to polish
new theories and establish them among the existing literature.

In the present work, the overall dissertation draws on an abductive approach while the
individual publications contained within follow either deductive or inductive approaches
(see Table 3 for details). This approach seems the most appropriate for the objectives of
the study as it combines theory building (e.g. identification of indicators) and theory
testing (relationships between indicators and their impact on innovation performance) to
eventually elaborate the Ol adoption measurement model.

In respect to the approaches adopted in the individual publications, their structure is as
follows. Publication | uses the inductive approach to explore the existing literature with
specific focus on the measures applied for capturing Ol adoption in firms. This initial
exploration of the field highlights the problem in question to inform further testing of the
existing concepts. Publication Il is deductive in its attempts to expose the mismatch
between academic and practitioner perceptions of what should constitute Ol practice;
these efforts then prompt further inductive studies. Next, Publication Il examines
previously unseen relationships and differences between companies that consider
themselves Ol adopters and those that do not. These findings, combined with the
examination of the literature, provide input to construct a research model for the deductive
Publication IV. Publication V again adopts the inductive approach by proposing a
competency model for Ol specialists. Due to time and the scope of objectives, the final
publication in the dissertation is inductive, opening the path for future deductive tests of
developed model.
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3.2.2  Triangulation

The triangulation approach is used when a researcher needs to overcome the limitations
of a single method or data source to increase the validity and reliability of the research
(Mathison, 1988). Triangulation can be described as the simultaneous application of two
or more methodologies to increase the quality of research (Denzin, 1978). The main
advantage of triangulation is that it enriches research findings by allowing the research
phenomena to be observed from different angles, thereby increasing the validity of the
subsequent findings. Denzin (1978) identifies several types of triangulation, such as
methodological, data theoretical and investigator triangulation.

Each of the individual publications in the present dissertation involve at least one type of
triangulation (see Table 2). For example, Publication Il, though it relied on quantitative
analysis, also elicited open answers from respondents to enrich the results of the
regression analysis. Data triangulation was interconnected with method triangulation, as
varying the methods enabled the utilisation (and demands for) of varied data. Therefore,
the data collected in Publication Il was not only quantitative but also qualitative.
Theoretical triangulation was also present in that the study’s subject was observed from
various theoretical perspectives. Indeed, most of the five publications drew on a
combination of theories from different domains. Publication 1V, for example, combined
RBV with capability-based views to ground its hypotheses. Finally, all the publications
used investigator triangulation as they were the products of collaborative teamwork
between experienced researchers. Even though the author was responsible for the data
analysis and results interpretations in each paper, the findings were discussed in a team
setting to guarantee validity.

At the dissertation level (i.e. higher-order triangulation), theoretical triangulation was
adopted (see Chapter 1.4 for an extended discussion on the theoretical standpoints
adopted in the thesis). Even though the publications were based on the same datasets and
followed quantitative methodologies, it was the adoption of multiple theoretical lenses
that enabled the researcher to tackle the complex problems and develop answers.

3.3 Methodological summary of individual publications

Considering the chosen research paradigms and approaches, the most appropriate
methodology for the present thesis objective was quantitative study. Table 2 summarises
the methodological choices made for each of the five publications in the thesis. Data
collection details will be discussed in Chapter 3.4, and Chapter 3.5 will outline the
methods applied in the publications.
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Table 2. Overview of methodological choices

Publication Research Data Method of analysis Triangulation
approach
| Inductive Article Systematic literature review Investigator
database,

n=100

] Deductive Ol-Net, Quantitative: logistic regression Data, method,
n=251 investigator

1] Inductive Ol-Net, Quantitative: factor analysis, Theoretical,
n=454 group comparisons investigator

v Deductive OI-Net, Quantitative: factor analysis, Theoretical,
n=251 linear and logistic regression investigator

\% Inductive OI-Net, Quantitative: factor analysis, Investigator
n=264 group comparisons

The publications are part of one research project in which Publication 1 is the starting
point. The systematic literature review conducted in Publication I explores the current
state of Ol measures adopted in quantitative studies and highlights the problems identified
within. The subsequent publications follow the same dataset collected during the OI-Net
research project (See Chapter 3.4 for further details regarding questionnaire development
and data collection). Thus, while the publications differ in research approach and actual
analysis methods, they share the same data, thereby ensuring results comparability and
contributing to the overall homogeneity of the research design.

3.4 Sampling and data collection

The primary data was collected by means of a self-administered survey. The survey was
part of a large, international OI-Net project funded by the European Union Lifelong
Learning Programme under Grant Agreement Number 2013-3830 (http://oi-net.eu). The
project aimed to facilitate cooperation on Ol topics in European Higher Education
curricula and institutes for the benefit of EU competitiveness.

The survey’s development started in 2014 as part of Project Working Package 2 (WP2)
titled “Industrial needs for Ol education’, led by a research team at Lappeenranta
University of Technology (LUT). In line with the project’s objectives, the primary aim of
the survey was to identify and analyse the needs of innovation management in leading
European industries. Specifically, as described in the WP2 deliverable (OINET, 2015a),
the survey addressed the following topics:

1) Current state of Ol adoption in the industry;
2) Perceived importance of Ol to the industry, at present and in 10 years;

3) Current level of Ol knowledge and skills among industry employees;
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4) Needed skillsets for new graduates in an Ol context;
5) Other industry needs for higher education in the Ol framework.

Although the project’s aim differed from that of the current dissertation, the survey’s
objectives align well with the research goals described in Chapter 1.3. This meant that the
collected data was applicable to the dissertation’s targets. As a member of the LUT
research team for the project, the author of the present dissertation participated in the later
stages of the questionnaire’s development and consequent data collection and analysis.
The following sections of this chapter describe the questionnaire’s development process
with proper respect paid to those who worked on the project.

To ensure the quality of the questionnaire, its development process was organised into a
series of interconnected stages. In the first stage, a literature review was conducted (see
Podmetina & Dabrowska, 2014a) to analyse the existing competence and capability
frameworks in the academic literature. Specific focus was placed on the
operationalisation of measures. The result was a collection of scales to serve as input for
the survey.

The second stage analysed the industrial requirements of an Ol specialist (see Podmetina
& Dabrowska, 2014b for details). The demand for such professionals was also observed
and reviewed. The analysis focused on what education and work experience these
positions required and, more importantly, what knowledge and skills were needed. The
types of job titles assigned to Ol specialists were also analysed. The results of this stage—
a list of industry skills—were then used to adjust the scales collected in the first stage of
the questionnaire’s development.

The questionnaire was created and validated in the third stage. The variables generated in
the previous stages were presented to Ol experts from both industry and academia via
project workshops. The initial variables were then modified based on the experts’
comments. The adjusted questionnaire was tested in a pilot study involving 52
organisations from 24 European countries. Paper-based questionnaires were used in
addition to electronic versions. After the pilot study, additional modifications were made
to the scales.

The revised questionnaire (see Appendix) was then prepared for large-scale distribution.
The survey employed a variety of measures taken from the existing literature and refined
through the iterative process of consultation with academia and industry experts. The
survey focused on European companies, covering all European regions (Northern,
Southern, Western and Eastern). The primary language of the survey was English, though
it was translated into 12 other languages to facilitate data collection.

Stratified sampling was chosen as the sampling strategy. Economic significance criteria
were applied to select industries for inclusion based on their contribution to their
country’s GDP (based on 2012 Eurostat data and The Organisation for Economic Co-
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operation and Development (OECD) or World Bank data when Eurostat data was not
available). Project partners responsible for data collection were provided with a list of
industries from which they could select companies for the survey. The full list of
industries from which the data was eventually collected is presented in Table 3.

Companies were chosen randomly from the selected industries and invited to participate
in the online survey. The Webropol system was used to administer the survey and collect
the responses. A cover letter describing the project’s objectives and the aims of the survey
accompanied the questionnaire. To avoid confusion over dissimilar understandings of Ol,
the cover letter described the concept according to Chesbrough’s classical definition
(Chesbrough, 2003a, p. xxiv). To suit the project’s objectives, the target respondents of
the survey were top (e.g. CEQO) innovation and R&D managers and HR specialists.
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Table 3. Countries and industries included in the Ol-Net questionnaire

Region Country Industries
Northern | Denmark Energy; Commercial and Professional Services; Food and Staples
Europe Retailing; Food, Beverages and Tobacco; Health Care Equipment and
Services; Banks; Diversified Financials; Insurance; Software and
Services; Technology Hardware and Equipment; Telecommunication
Services; Other
Estonia Commercial and Professional Services; Food, Beverages and Tobacco;
Education
Finland Energy; Materials; Commercial and Professional Services; Real Estate;
Software and Services; Technology Hardware and Equipment;
Telecommunication Services; Utilities; Other
Ireland Software and Services; Technology Hardware and Equipment
Latvia Energy; Materials; Transportation; Chemicals, Petroleum and Coal
Products; Automobiles and Components; Retailing; Household and
Personal Products; Health Care Equipment and Services; Banks;
Insurance; Real Estate; Software and Services; Education; Other
Lithuania Technology Hardware and Equipment
Norway Consulting; Education; Other
Sweden Energy; Automobiles and Components; Technology Hardware and
Equipment; Education; Other
United Energy; Materials; Commercial and Professional Services; Media;
Kingdom Household and Personal Products; Software and Services; Technology
Hardware and Equipment; Education; Other
Southern | Albania Other
Europe Bulgaria Pharmaceuticals and Biotechnology
Bosnia and Commercial and Professional Services; Education; Other
Herzegovina
Croatia Materials; Commercial and Professional Services; Automobiles and
Components; Hotels, Restaurants and Leisure; Pharmaceuticals and
Biotechnology; Banks; Real Estate, Software and Services;
Semiconductors and Semiconductor Equipment; Other
Cyprus Hotels, Restaurants and Leisure
Greece Energy; Materials; Commercial and  Professional  Services;
Transportation; Automobiles and Components; Consumer Durables and
Apparel; Retailing; Food and Staples Retailing; Food, Beverages and
Tobacco; Household and Personal Products; Health Care Equipment and
Services; Pharmaceuticals and Biotechnology; Banks; Diversified
Financials; Insurance; Software and Services; Technology Hardware and
Equipment; Telecommunication Services; Utilities; Education; Other
Italy Energy; Automobiles and Components; Consumer Durables and Apparel;
Semiconductors and Semiconductor Equipment; Consulting; Education
Macedonia Energy; Materials; Transportation; Chemicals, Petroleum and Coal
Products; Retailing; Food and Staples Retailing; Food, Beverages and
Tobacco; Pharmaceuticals and Biotechnology; Software and Services;
Technology Hardware and Equipment; Education; Other
Malta Commercial and Professional Services; Transportation; Pharmaceuticals

and Biotechnology; Real Estate; Software and  Services;
Telecommunication Services; Other
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Portugal Energy; Retailing; Food, Beverages and Tobacco; Software and Services;
Other

Serbia Materials; Chemicals, Petroleum and Coal Products; Retailing; Food,
Beverages and Tobacco; Software and Services; Education; Other

Slovenia Materials; Commercial and Professional Services; Transportation;

Automobiles and Components; Food, Beverages and Tobacco; Household
and Personal Products; Pharmaceuticals and Biotechnology; Education;

Other
Spain Energy; Capital Goods; Commercial and Professional Services; Food,
Beverages and Tobacco; Other
Western Austria Materials
Europe Belgium Automobiles and Components; Software and Services
France Commercial and Professional Services; Pharmaceuticals and
Biotechnology; Utilities; Consulting
Germany Commercial and Professional Services; Transportation; Chemicals,

Petroleum and Coal Products; Automobiles and Components; Consumer
Durables and Apparel; Pharmaceuticals and Biotechnology; Insurance;
Software and Services; Technology Hardware and Equipment;
Consulting; Education; Other

Luxembourg Media

Switzerland Energy; Commercial and Professional Services; Transportation;
Automobiles and Components; Hotels, Restaurants and Leisure;
Retailing; Pharmaceuticals and Biotechnology; Software and Services;
Technology Hardware and Equipment; Education; Other

The Capital Goods; Commercial and Professional Services; Chemicals,
Netherlands Petroleum and Coal Products; Food, Beverages and Tobacco; Technology
Hardware and Equipment; Semiconductors and Semiconductor
Equipment; Consulting; Other

Eastern Czech Energy; Capital Goods; Commercial and Professional Services;
Europe Republic Transportation; Chemicals, Petroleum and Coal Products; Automobiles
and Components; Hotels, Restaurants and Leisure; Media; Food,
Beverages and Tobacco; Health Care Equipment and Services;
Pharmaceuticals and Biotechnology; Banks; Diversified Financials;
Software and Services; Technology Hardware and Equipment; Education;
Other

Hungary Energy; Materials; Commercial and Professional Services; Chemicals,
Petroleum and Coal Products; Hotels, Restaurants and Leisure; Food,
Beverages and Tobacco; Household and Personal Products; Health Care
Equipment and Services; Software and Services; Technology Hardware
and Equipment; Consulting; Education; Other

Poland Materials; Commercial and Professional Services; Food and Staples
Retailing; Technology Hardware and Equipment; Other

Romania Commercial and Professional Services; Automobiles and Components;
Household and Personal Products; Software and Services; Education

Slovak Materials; Commercial and Professional Services; Automobiles and

Republic Components; Banks; Software and Services; Technology Hardware and

Equipment; Education; Other
Note: The Global Industry Classification System (GICS) was used to compile industry
information for the participating countries.

Data collection took place from September 2014 to June 2015. The number of responses
reached 525 for an average response rate of 10%, with respondents representing 38
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countries. Depending on the study objective (i.e. variables selected for the analysis), the
actual samples used in publications 11-V were smaller due to missing data. The specific
sample sizes and related descriptive statistics (by industry, region and size) are described
in the publications.

3.5 Measures

The original questionnaire contained a large set of measures, including a list of Ol
(collaborative) activities, OC and individual competencies (skills and abilities).
Depending on each publication’s objectives, different combinations of these measures
were applied. The following sections outline the key measures used in the publications
for the present dissertation. For specific details regarding scale construction, please refer
to the related publication(s).

3.5.1 Ol activities

A list of collaborative practices is presented in Table 4. This list is a modified version of
the practices described by Chesbrough and Brunswicker (2013); the modifications
accommodate relevant literature findings and recommendations by experts (see Chapter
3.4. for the process description). For example, the number of practices in the new list was
reduced from 15 to 13 and the names of the practices changed slightly to reflect the
feedback from Ol experts.
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Table 4. Collaboration (Ol) activities (based on Chesbrough and Brunswicker, 2013)

Activity Scale (for each activity)

Do you adopt the following activities in your company?

1. Customer and consumer co-creation in R&D projects 0-7 Scale
2. Crowdsourcing 0=No, we don’t adopt;
1=Very seldom; 7=Very

3. Scanning for external ideas intensively

4. Collaborative innovation with external partners (i.e. suppliers, |
universities, competitors...)

5. Subcontracting R&D

don’t know’  option
provided

6. ldea & start up competitions

7.Using external networks (e.g. associations, intermediaries, knowledge
brokers)

8. Participation in standardisation (public standards) / influencing
industry standards

9. Free revealing (e.g. ideas, IP) to external parties

10. IP in-licensing

11. IP out-licensing

12. External technologies acquisition

13. Selling of unutilised / unused technologies

The respondents were asked to evaluate their degree of adoption for each activity on the
list. Intensity of adoption ranged from O (No, we don’t adopt) to 7 (very intensively). An
‘T don’t know’ option was also provided. Depending on the study objectives, the items
(i.e. activities) were analysed separately (Publication II, 1ll, V) or as summated scales
(Publication V).

3.5.2 Organisational capabilities

The list of organisational capabilities drew from the work of Hafkesbrink et al. (2010)
and was adjusted based on comments collected from experts during workshops and a pilot
study (see Chapter 3.4. for the process description), as presented in Table 5. Some of
these statements addressed specific Ol capabilities, while others referred to generic
capabilities required by any company for efficient innovation processes regardless of Ol
strategy (cf. Hafkesbrink & Schroll, 2010; Enkel et al., 2011).
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Table 5. Organisational-level capabilities (based on Hafkesbrink et al., 2010)

Capability

Scale

Please indicate the degree to which you agree with the following statements:

1. We provide education and training on open innovation for our
employees.

2. Open innovation skills and awareness are fostered within our
organisation.

3. The borders of our company are open for knowledge flow from
outside-in and from inside-out.

4. New external ideas are easily accepted and disseminated in our
organisation.

5. Relevant departments are actively participating in knowledge
sourcing and knowledge exchange.

6. We accept the possibility of mistakes in external knowledge sourcing.

7. Our employees have positive attitudes towards applying ideas and
technologies from outside the company.

8. Our employees have positive attitudes towards having other
companies receiving and using our knowledge and technologies.

9. Open innovation activities by our employees are rewarded.

10. The organisational structure in our company is designed to be open
according to our needs.

11. We apply interactive collaboration tools and methods to facilitate
open innovation.

12. Externally obtained knowledge is integrated into our products,
processes and services.

13. Our competitive advantage lies in collaborating with external
partners.

14. We have sufficient knowledge in our organisation to compete in our
marketplace.

15. (Top) management strongly supports open innovation activities (by
allocating enough resources).

1-7 Scale

1=Strongly disagree;
7=Strongly agree.

‘I don’t know’ option
provided

The respondents were asked to identify their degree of agreement with each statement on
a 7-point scale where 1 = strongly disagree and 7 = strongly agree. An ‘I don’t know’
option was offered. The scale was then examined via (factor analysis) FA to identify
groups for Ol-specific and general innovation capabilities, for which summated scales

were created (see publications Il1 and IV for details).
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3.5.3 Individual competencies

The list of skills and abilities recommended for Ol specialists to develop combined the
findings presented in works by Mortara et al. (2009), Du Chatenier et al. (2010),
Hafkesbrink and Schroll (2014) and Dabrowska and Podmetina (2014). Input from the
job-offering analysis (i.e. industrial needs) was also applied at this stage to modify the
competencies derived from the academic literature. Further stages of refinement included
interviews with Ol experts and feedback from the pilot study (see Chapter 3.4. for a
detailed overview of the process). The final version of the competencies list included in
the questionnaire consisted of 13 skills and 15 abilities (see Table 6).

Table 6. Individual competencies for Ol specialists (based on Mortara et al., 2009; Du
Chatenier et al., 2010; Hafkesbrink & Schroll, 2014; Dabrowska & Podmetina, 2014).

Competency [ Scale
What skills and knowledge should an open innovation specialist have? Please evaluate the
importance of the following items:

1. IP management skills 1-7 Scale

2. Negotiation skills 1=Not important; 7=Very
3. Entrepreneurial skills important

4. Leadership skills ‘I don’t know’ option

5. Teamworking skills provided

6. Multi-tasking skills

7. Problem-solving skills

8. Virtual collaboration skills

9. Internal collaboration skills
10. External collaboration skills
11. Trust skills

12. Communication skills

13. Networking skills

14. Other (own version)

What abilities should an open innovation specialist have? Please evaluate the importance of the
following items:

1. Technology and business mindset 1-7 Scale

2. Project management 1=Not important; 7=Very
3. Adaptability and flexibility important

4. Managing inter-organisational collaboration processes ‘I don’t know’ option

5. Ability to work in an interdisciplinary environment provided

6. Ability to work in internal cross-functional teams

7. Strategic thinking

8. Creativity

9. New media literacy

10. Cultural awareness

11. Ability to work with different professional communities

12. Ability to share knowledge and ideas internally / within an
organisation

13. Ability to share knowledge and ideas externally

14. Risk awareness

15. Failure tolerance

16. Other (own version)
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As with the previous scales, respondents were asked to rate the importance of each skill
on a 7-point scale, where 1 = not important and 7 = very important. An ‘I don’t know’
option was provided so the respondents were not forced to evaluate items unclear to them.
Further scale operationalisation was achieved via FA and the creation of summated scales
(See Publication V for details).

3.5.4 Firm characteristics

Though collaborative practices are now commonplace in European firms (Cricelli et al.,
2016), the nature of a firm and its environment can still affect Ol adoption (e.g. Spithoven,
2013). To help prepare for such scenarios, the questionnaire collected background
information (e.g. size, industry, region) about the surveyed companies (see Table 7).
Respondents were asked to specify their country and industry, though their responses had
to be organised into larger groups for analysis purposes. After cleaning the data, some
industries and countries were found to be underrepresented in the sample. These
industries were operationalised as Service and Manufacturing, and dummy variables for
high-tech industries were added (for the identification of high-tech industries within the
GICS classification system, see Kile & Phillips, 2009). Similarly, countries were
operationalised into regions as follows: Northern, Southern, Eastern and Western Europe.
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Table 7. Firm characteristics.

Variable Measurement

Size (by number of employees)

Micro (1-9); Small (10-49); Medium (50-250); Large (>250) Dummy variable (Small and
medium companies merged)

Industry (GICS classification)

Service vs Manufacturing: Dummy variable for

Manufacturing: Energy, Materials; Capital Goods; Chemicals, manufacturing

Petroleum and Coal Products; Automobiles and Components; Consumer
Durables and Apparel; Food, Beverages and Tobacco; Household and
Personal Products; Pharmaceuticals and Biotechnology; Technology
Hardware and Equipment; Semiconductors and Semiconductor
Equipment

High-tech vs Low-tech Dummy variable for high-

High-tech: Health Care Equipment and Services; Pharmaceuticals and tech

Biotechnology; Software and Services; Technology Hardware and
Equipment;  Semiconductors and  Semiconductor  Equipment;
Telecommunication Services

Region

Northern Europe (Denmark, Estonia, Finland, Ireland, Latvia, | Dummy variable
Lithuania, Norway, Sweden, United Kingdom)

Southern Europe (Albania, Bosnia and Herzegovina, Croatia, Cyprus,
Greece, Italy, Macedonia, Malta, Portugal, Serbia, Slovenia, Spain)

Western Europe (Austria, Belgium, France, Germany, Luxembourg,
Switzerland, the Netherlands)

Eastern Europe (Czech Republic, Hungary, Poland, Romania, Slovak
Republic)

3.6 Methods

3.6.1 Factor analysis

FA was applied in publications Ill, IV and V to systematise large sets of variables such
as individual skills and abilities. The advantage of FA is that groupings are achieved by
means of explicit mathematical algorithms, meaning they rely entirely on data and cannot
be affected by investigator bias (which can occur with qualitative data analysis). The
disadvantage to the method is that factors that emerge from ‘blind’ algorithms may not
have theoretical relevance. This can make interpreting FA results a challenging task for
the researcher.
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In the included publications, FA was accomplished through principal component analysis.
The Kaiser-Meyer-Olkin measure was used to control for data appropriateness. The
number of factors to be extracted was defined by the latent root criterion. The minimum
eigenvalue for factors to meet the inclusion criteria was set to no less than one (meaning
that a factor explains at least the same amount of variance as a single variable).

After the extraction of the initial solution, the selected rotation algorithm—the orthogonal
rotation method VARIMAX—was implemented to simplify factor structure and ensure a
meaningful solution. Next, variables were analysed based on loadings and commonalities.
Following the parameters set by Hair et al. (1998), variables with loadings lower than 0.4
and commonalities lower than 0.5 were excluded from further analysis (in cases involving
explorative studies, these variables were retained; discussions of this process may be
found in the related publications). Variables with high cross-loadings into several factors
were also removed.

Following Churchill’s (1979) recommendations, the variable combinations produced by
the FA were used to calculate summated scales. The Cronbach alpha was implemented to
test the internal reliability of the created scales. The commonly accepted cut-off value for
the Cronbach alpha is 0.7; however, this value was lifted slightly due to the exploratory
quality of Publication V (see Lee and Hooley [2005] for a discussion on acceptable
Cronbach alpha values).

3.6.2  Group comparison

Group comparison is a popular statistical procedure for identifying the difference in
means between two or more groups of respondents. When comparing two groups, a
variety of t-tests and procedures can apply; for larger groups, the ANOVA method should
be used. As ANOVA provides results for the whole set of groups to further exploration
post-hoc, tests for pairwise comparisons can be applied.

The objective of such procedures is to test whether the differences between groups can
be attributed to mere chance. Statistical significance (p-value) is used to determine the
accepted probability of such an outcome. In this classical (though sometimes criticised,;
see Hurlbert and Lombardi, 2009) interpretation, the p-value determines the risk of
making a Type |, error-rejecting null hypothesis (which postulates the absence of
difference between groups) when the hypothesis is in fact true (i.e. the variation in means
occurred by chance).

T-tests and ANOVA were applied in the present dissertation (publications 11, 11l and V).
Publications 111 and V adopted Welch’s ANOVA as the primary analysis method. Unlike
traditional analyses of variance, Welch’s ANOVA relaxes the assumption of equal
variances between groups, thus increasing the reliability of the results.
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3.6.3  Regression analysis

Regression analysis is another commonly adopted technique in the social sciences. The
opposite of correlation analysis, which quantifies the association between variables,
regression analysis aims to build a curve or straight line to fit the data. The objective of
this method is to build an equation that enables the prediction of dependent variables
(DVs) with independent variables (IVs). Depending on the type of variables and the
expected nature of the relationship between them, different types of regressions can be
applied, such as linear regression for numerical DVs or logistic regression for nominal
DVs.

Regression analysis facilitates the testing of not only direct relationships between Vs and
DVs but also more elaborate models that use mediation and moderation variables (e.g.
Hayes, 2013). Control variables added to the model provide an alternative explanation for
the DV. The commonly accepted approach is to test several models (first with control
variables only, then with added IVs) to ensure the addition of IVs increases the
explanatory power of the model.

After testing for overall model significance and ensuring the appropriate explanatory
power (R square measure for linear regression describes the amount of variance in a DV
explained by the model, whereas measures adopted in other regression types may not
have such direct interpretation), the researcher should look for 1Vs to analyse the
coefficients and significance. The coefficients can be compared by magnitude and by
sign. If the variables in the model have different scales, then standardised coefficients
should be analysed; for comparison between models, one should look only for non-
standardised coefficients.

In the present dissertation, regression analyses were performed in Publication Il (binary
logistic regression) and Publication IV (linear and binary logistic regressions). The
specific objectives of the methods and models studied and the interpretations of the results
are discussed in the respective publications.

3.7 Validity and reliability of the study

This dissertation applied a quantitative methodology as the primary method of analysis.
This required objectivity, validity and reliability to be examined to ensure the quality of
the work (Janetzko, 2008). Adoption of the triangulation approach established the overall
guality of the research, though specific measures addressing each dimension needed to be
considered.

Obijectivity refers to the independence of results from personal or methodical bias
(Janetzko, 2008). Achieving objectivity ensures the scientific nature of conducted
research. In this study, the objectivity of results interpretations was achieved via
investigator triangulation. Although the author was responsible for conducting the actual
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statistical analysis, the results were discussed by a team of several researchers from
different backgrounds and different philosophical paradigms.

The cross-sectional nature of the data and the fact that all the variables were obtained
from the same source increased the danger of common method bias. Common method
bias has two negative consequences for study results: first, it excludes some groups of
respondents from participation in the survey (e.g. in an online survey, respondents
without access to the internet cannot participate); and second, obtaining both dependent
and independent measures from the same source can lead to bias when a respondent tries
to influence the results (e.g. social desirability considerations) (Chang et al., 2010).

Common method bias presented a serious threat to the current study’s objectivity. To
minimise this risk, several measures were implemented in line with Chang et al.’s (2010)
recommendations. First, the questions designed for the questionnaire were reviewed by
experts to correct ambiguous or confusing statements. The questionnaire served multiple
purposes, and as such its structure did not allow the linking of IVs and DVs. The
respondents were explicitly informed of the anonymity of the survey. The survey was
targeted at companies, so collecting data through an online questionnaire was considered
appropriate as it reached the largest number of relevant respondents. To facilitate data
collection, the survey was translated into several languages to ensure the inclusion of
respondents without sufficient knowledge of English.

Post-hoc control for common method bias was accomplished by means of Harman’s one
factor test (Podsakoff & Organ, 1986). Depending on the variables included in the
analysis and the sample size, the principal factor analysis resulted in 7 to 8 factors with
eigenvalues greater than 1. The variance explained by the first factor did not exceed 31
percent, which suggests that the presence of bias associated with the common method is
unlikely.

Reliability relates to the overall consistency and stability of results over time. Simply put,
reliable results should be replicable (Merriam, 1995). Although the perfect replication of
a research setting is often a challenge in the social sciences, a researcher should take all
possible measures to ensure the highest level of reliability. In this dissertation, reliability
was achieved by strict adherence to an explicit protocol for data collection and analysis.
The publications contained explicit descriptions of the scales applied for the survey, data
collection procedures and sample statistics. Data analysis processes were also described
in detail, facilitating replication procedures and contributing to results reliability.

Validity represents the extent to which results represent what they are supposed to
represent (Campbell & Stanley, 1963; Onwuegbuzie & McLean, 2003). Depending on
the unit of analysis, multiple dimensions of validity can be specified. Internal validity
addresses causal relationships within a study. The objective is to ensure that the found
relationships are cause—effect relationships (Cook & Campbell, 1979) and not spurious
correlations or caused by some latent third variable. The cross-sectional data discussed
above presented a serious threat to the internal validity of the current study (Chang et al.,
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2010). However, a test for conformity with assumptions for the adopted statistical
methods and established connections to prior literature helped establish the internal
validity of the individual publications and the overall dissertation (cf. Onwuegbuzie &
Johnson, 2006).

External validity refers to the generalisability of found relationships (Cooke & Campbell,
1979). This dissertation draws on data from large sets of European companies across
multiple countries; as such, the results can be generalised for broad economic and cultural
contexts. However, certain characteristics of the sample, such as the relative
underrepresentation of micro-enterprises (those with fewer than 10 staff) or smaller
shares of high-tech companies, limited the generalisability of the findings. These issues
are discussed in the respective publications and have been summarised in this
dissertation’s conclusion.

Criterion and translation validity are vital to the developed scales construct. Construct
validity reflects the degree to which a measure represents what it is supposed to represent
(Cronbach & Meehl, 1955), whereas criterion validity reflects the extent to which the
measure relates to the outcome. These types of validities were ensured by adopting
existing and tested scales for the research purposes. For individual competencies, a
reliability check was performed (see Publication V for details) with the objective to ensure
that all proposed measures fit the scale. The Cronbach alpha value was used as the
measure of internal scale consistency. Translation validity addressed issues of
inconsistent translation of terms and changed statement meaning. As described in Chapter
3.4, the survey was translated into 12 different languages, making translation validity an
important step in ensuring the quality of results. Validity was assessed by backwards
translation to ensure the similarity of meaning between original and translated statements.
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4 Summary of the publications

4.1 Interconnections between the publications

This dissertation consists of five interconnected publications that address the established
RQs and provide the input for the model to be described in Chapter 5. All publications
follow the research approach and methods discussed in previous chapters (see also Table
7). The data collected via the OI-Net project survey (Chapter 3.4 and 3.5) serves
publications I1-V, while Publication I is a literature review based on the articles collected
during the initial stages of the research process.

The relationships between the publications are presented in Figure 5. The publications
are the result of an iterative research process in which each publication built on the
findings from the previous work. The commonly acknowledged problem of OI’s lack of
unified measurement (and consequently, understanding) is revealed in Publication I, then
extrapolated with survey data in Publication Il. Publication Il explores the problems
related to company understandings of Ol and emphasises the role of OC, and Publication
IV studies the relationships between OC, Ol activities and innovation performance.
Publication V takes an intra-organisational perspective based on the problems revealed in
publications | and II. In this way, Publication V complements the other works by
considering the individual-level capabilities required for successful participation in Ol
projects.

)
Pl

Ol adoption
easurement mode

Figure 5. Interconnections between publications.

Table 8 summarises the publications, their key results and main contributions to the
overall thesis objective. Subsequent sections of this chapter present overviews of each
publication and describe the final model that has been devised based on the publications’
results.
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4.2 Publication I: Towards an open innovation measurement system:
a literature review

4.2.1 Study objective

This study reviews the extant academic literature on Ol, focusing on research works that
adopt quantitative approaches. Despite growing interest among scholars in Ol and the
presence of several thorough reviews (e.g. Dahlander & Gann, 2010; Remneland-
Wikhamn & Wikhamn, 2013; Chesbrough & Bogers, 2014; Randhawa et al., 2017), not
enough attention has been placed on the technical side of Ol research—the actual
measures (i.e. indicators) applied by scholars to capture Ol adoption within companies.
Therefore, the primary objective here is to establish grounds for further research to
analyse the gaps and measurement issues in quantitative studies of Ol. This publication
addresses RQ1 but should be considered as a starting point for the whole research process
as it illuminates the issue of scales for Ol measurement.

4.2.2  Main contribution

Following the systematic literature review approach (cf. Higgins & Green, 2006), the
authors analysed 100 papers published since 2003—when the Ol term made its debut—
until December 2013. The publication provides an overview (bibliometric and thematical)
of the overall research landscape of contemporary Ol studies. We can clearly observe the
typical development path: early descriptive, inductive, case study—based papers appear,
followed by quantitative studies that adopt deductive approaches.

Thorough analysis revealed a high variety of measures used to capture Ol and a
consequent lack of a standard measurement scale. Strong bias was observed towards
assessments of external search, while other Ol activities were overlooked. Breadth and
depth (Larusen & Salter, 2006) were the most common measures observed from
secondary data. However, these indicators captured only one aspect of Ol, albeit an
important one: external knowledge search. Studies that collected original primary data
applied too-specific indicators, precluding their results from consideration as a generic
Ol measure. A significant number of studies attempted to evaluate the impact of Ol on
innovation and/or financial performance. Similarly, many studies agreed on what control
measures should be considered when evaluating the results of Ol adoption. However,
differences between the measures adopted for capturing Ol in companies hindered the
comparison of these studies.

Overall, the paper highlighted the problem of a common understanding (or lack thereof)
and its consequent issues when measuring Ol, emphasising the need for further studies to
develop a unified measurement approach. Indeed, while the existing literature can offer
very thorough studies addressing specific aspects of relationships between certain Ol
activities and company performance, as well as describe the different factors moderating
and mediating such relationships, it cannot unambiguously answer what differentiates a
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company in deliberate adoption of Ol from a firm that only occasionally engages in
collaborative activities.

4.3 Publication I1: What does open innovation mean? Business versus
academic perceptions

4.3.1 Study objective

This study used the findings from the previous analysis of Ol indicators (Publication I) to
explore the concerns raised by several scholars (e.g. Dahlander & Gann, 2010; Oakey,
2013). Although Ol is a real-life phenomenon that mirrors practices applied by companies
(cf. Chesbrough, 2003a), its development follows its own logic of academic concept
genesis. The concept has been accepted by some scholars but harshly criticised by others.
Several rounds of responses to critics eventually led to concept refinement efforts but also
brought the discussion into the theoretical context, neglecting the practical origins of the
phenomenon. At the same time, the Ol paradigm has been well received by practitioners,
resulting in the undertaking of initiatives and extensive consulting activities. However, as
noted by Dabrowska et al. (2013), a company’s perception of Ol does not always align
with what is understood of the concept in academia. The lack of a common language
limits the practical applicability of research findings and threatens the overall validity of
Ol studies. The absence of a commonly accepted scale to cover the majority of Ol
activities does not improve the situation. Thus, the main objective of this publication was
to compare academic and practitioner perceptions of Ol. The paper aimed to evaluate the
list of so-called Ol activities derived from prior academic works by testing whether these
activities were perceived as Ol-related by company representatives. The publication
addressed RQ2.

4.3.2 Main contribution

The paper adopted a quantitative research methodology to test whether engagement in
activities considered by academics to be ‘Ol activities’ had the same association with
companies who perceived themselves as Ol adopters. To contribute to the quantitative
analysis, companies were asked to provide their own definition of Ol via an optional open
question, and those responses were analysed. The study sample consisted of 251
companies of various sizes from different European regions representing Northern,
Southern, Eastern and Western Europe.

The analysis revealed that not all firms engaging in ‘Ol activities’ perceived themselves
as Ol adopters. Moreover, only one activity—free revealing—had a positive and
significant effect on companies’ self-identified status across all size groups. This
demonstrates not only the differences in academics’ and practitioners’ understanding of
Ol but also differences between companies of various sizes.
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In fact, only a few activities from the list had significant effect on firm self-identification
in any size group. Most of these activities belonged to inbound Ol practices. Outbound
Ol activities were less popular among firms. Open-question analysis also revealed that
companies defining Ol mainly discussed inbound activities.

Overall, the study mirrored Dabrowska et al.’s (2013) concerns regarding the confusion
over OI’s definition. Based on large-sample quantitative analysis, the work compiled the
results of interviews to demonstrate that academic concepts are not always understood in
a similar way by practitioners. The study also proved, with practical results, Chesbrough
and Bogers’ (2014) claim that activities should not be considered the only Ol indicators.
The paper adopted a deductive approach to highlight the existing problems with Ol
measurement and, with Publication I, serves as an entry point for further research.

4.4  Publication I11: Where lies the difference between open innovation
adopters and non-adopters?

4.4.1 Study objective

The objective for Publication 11l was to improve the understanding of the factors
determining company self-identification as Ol adopters (or not). The paper sought a novel
indicator that could be used for Ol engagement measurement. The indicator had to unite
two worlds—business and academia—so it needed to have a strong background in
established theories but also correlate with company understandings of Ol.

Approaching Ol through the lenses of RBV and the capability-based view, academic
scholars have emphasised the role of specific organisational capabilities in the successful
implementation of Ol activities (cf. Lichtenthaler & Lichtenthaler, 2009; Enkel et al.,
2011). As summarised by Ketchen et al. (2007), to benefit from their resources,
companies need to perform specific activities; the mere possession of resources is not
enough. The capability perspective (Eisenhardt & Martin, 2000) stressed the importance
of organisational capabilities to perform the activities successfully.

To address RQ2 and resolve the problems identified in publications I and Il, this paper
explored the agreement between business and academia on the role of selected
organisational capabilities in companies that self-identified as Ol adopters.

4.4.2 Main contribution

This publication also followed an inductive approach by exploring the quantitative data
collected from European companies (n=454) in search of previously unseen relationships
to address issues revealed in earlier studies.

As shown in previous publications, mere engagement in so-called Ol activities is not a
reliable indicator of deliberate OI adoption. In this paper’s current analysis, only firms
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identifying as ‘experienced Ol adopters’ were significantly different in activity intensity
from those who claimed not to adopt Ol at all. Non-significant differences between
companies at other stages of Ol adoption (including those who only planned to engage in
Ol) limited the applicability of Ol activities as an instrument for differentiating firms by
their stage of Ol engagement.

The analysis of OC demonstrated noticeably better alignment among businesses in terms
of their self-perception of Ol status. Once the initial list of OC was classified into two
categories (specific Ol-fostering capabilities versus general OC related to knowledge
transfer), it became evident that the most pronounced difference between the groups was
observable when analysing the OC and practices that foster Ol.

This publication demonstrated that, in line with that proposed by Chesbrough and Bogers
(2014), to capture Ol engagement one should not merely control for activity engagement
but also analyse other aspects that reflect companies’ strategic orientations towards Ol.
From the OC analysis, it was determined that Ol-fostering capabilities represented such
strategic orientation. Companies that considered themselves Ol adopters (and not
occasional performers of inbound or outbound activities) tended to foster specific OC.

To summarise, the contribution of Publication Il was the proposition the role of Ol-
fostering organisational capabilities as an indicator of deliberate company Ol adoption.

4.5 Publication 1V: Open innovation and firm performance: role of
organisational capabilities

4.5.1 Study objective

The existing literature on Ol provides conflicting insights regarding the effect of Ol on
company performance. While some authors report a positive role (e.g. Gassmann &
Enkel., 2004; Parida et al., 2012), others (e.g. Faems et al., 2010; Knudsen & Mortensen,
2011) report negative effects. Previous steps (reported in publications | and II)
demonstrated a lack of common understanding (between business and academia, but also
within these groups) in terms of what should be considered Ol and what should not, which
complicates the tasks of evaluating Ol’s effects and comparing research results.

Publication 111, by combining RBV and the capability perspective, found that specific
organisational capabilities were a distinctive characteristic for many firms self-
identifying as Ol adopters. Therefore, the objective of Publication IV was to answer RQ3
by exploring the relationships between OC and Ol activities and develop an
understanding of their role in company innovation performance. The paper capitalised on
the classifications of activities and OC developed and tested in Publication Ill and
followed a deductive approach to test hypotheses developed from the findings of previous
studies.
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4.5.2 Main contribution

The impact of OC and Ol activities on company innovation performance and their
interrelationships were explored though moderated and mediated regressions (Hayes,
2013). Two alternative models explaining the interconnections between OC and Ol
activities were proposed and consequently tested. The dataset resembled that of the
previous studies, consisting of European companies of various sizes (n=252).

The study refined the classification of OC proposed in Publication Il by adding a third
dimension: self-sufficiency. While not a real organisational capability, this third category
was retained in the analysis as an indicator of a firm’s perception of the knowledge levels
within the company.

The analysis revealed that while neither OC had significant moderation effects, they were
observed to have a positive effect on company engagement in inbound and outbound Ol
activities (excepting the self-sufficiency indicator). Furthermore, OC (again, excepting
self-sufficiency) had a direct positive effect on innovation performance. Therefore, this
publication supported the conceptual works that identified the importance of OC for
successful Ol implementation (cf. Lichtenthaler & Lichtenthaler, 2009).

With respect to the greater thesis, Publication IV provided empirical ground on which to
develop a measurement model (see Chapter 4.8). It confirmed previous explorative works
(Publication 111) and demonstrated why companies aiming to engage in Ol need to foster
specific OC, which in turn leads to (or enables) engagement in Ol activities and
consequently contributes to company innovation performance improvement.

4.6 Publication V: Developing a competency model for open
innovation: from the individual level to the organisational

4.6.1 Study objective

The primary objective of Publication V was to explore the individual-level competences
required of company personnel involved in Ol activities. Ol adoption is a complex
process that requires significant changes in company strategy and management practices
(cf. Lichtenthaler & Lichtenthaler, 2009; Chesbrough & Bogers, 2014). Publications Il
and 1V demonstrated that specific OC are required for the successful implementation of
Ol practices. Moreover, the fostering of such capabilities is an indicator of deliberate
company engagement in Ol, even for those companies who only occasionally adopt
specific collaborative activities (cf. criticisms of the Ol concept by Trott and Hartmann
[2009] and the response by Chesbrough and Bogers [2014]).

At the individual level (cf. Bogers et al., 2017), Ol adoption brings additional challenges
to HR managers as employees must perform new tasks in an unfamiliar environment (Du
Chatenier et al., 2010; Petroni et al., 2012; Vanhaverbeke et al., 2014; West et al., 2014).
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Such phenomena as NIH and NSH syndromes have been well-documented in the
literature (Chesbrough, 2003; 2006; Michailova & Hutchings, 2006; van de Vrande,
2007). Further, these are not the only obstacles to successful Ol implementation;
employees operating in such an environment require specific competencies (cf. Du
Chateiner et al., 2010).

To contribute to the overall thesis, this publication aimed to add to the conceptual Ol
measurement model by identifying and classifying the specific competencies required
from different groups of employees for Ol activities (addressing RQ4).

4.6.2 Main contribution

The paper followed an inductive approach. It elaborated on a competency model for Ol
through explorative analysis of the dataset (n=264). The model featured different groups
of competencies required for employees. Some sets of competencies were identified as
more generic (i.e. not unique to Ol activities), whereas others were deemed specifically
important to Ol managers. The publication demonstrated that by evaluating the levels of
such competencies among company employees, the firm’s readiness for Ol adoption can
be understood. Further, by linking the competencies with Ol activities (the publication
featured a revised Ol activities classification), firm connections could be established
between the results of organisational-level studies (publications I1-1V) and intra-
organisational competencies. In short, Publication VV made it possible to propose a set of
required competencies for various Ol strategies. The developed competency model
incorporates the results of publications 11l and IV to propose the intra organisational—
level indicators of Ol adoption.
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5 Towards a model for Ol adoption measurement

This chapter summarises the key findings from publications | through V and presents a
model for Ol adoption measurement. The results of publications Il and 11l demonstrate
that mere engagement in Ol (i.e. collaborative) activities is not a strong indication of
deliberate (i.e. aligned with company strategy) Ol adoption. Analysing the strategies
adopted by firms revealed that some active participants in Ol activities did not consider
themselves Ol adopters, and some firms who were not actively engaged in Ol self-
identified as Ol adopters. Publication 111 also showed that Ol adoption can be revealed by
analysing OC. Companies that fostered Ol-specific OC tended to engage in Ol
strategically and therefore should be viewed as Ol-adopters. Individual-level
competencies are also important, as they assist employees assigned to various tasks within
Ol projects. These can be thought of as internal building blocks for specific Ol capabilities
(see Publication V for details).

To organise this Ol adoption measuring approach, a conceptual model is proposed here.
Figure 6 demonstrates the relationships between model elements. The model adopts two
levels of analysis: individual and organisational. The advantage of such a model is that it
captures the entire spectrum of Ol activities (i.e. does not focus on a specific aspect of
Ol, such as external knowledge search or specific firm characteristics like openness as in
many existing studies; see Publication | and Chapter 2.1.3 for further details). The model
accounts for not only external signs of Ol (such as engagement in specific activities) but
also the underlying Ol enablers (OC and individual competencies) that indicate a
company’s strategic orientation towards Ol, thereby enabling their identification as ‘true’
adopters over companies that only occasionally engage in certain collaborative activities
(cf. Chesbrough & Bogers, 2014). The model surpasses existing frameworks (e.g. Enkel
etal., 2011; Habicht et al., 2012; Hosseini et al., 2017) in that it connects actual company
innovation performance with the evaluated contribution of individual Ol components as
well as evaluated company Ol status.
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Figure 6. Conceptual Ol adoption measurement model (broken lines represent links not
empirically tested in this dissertation but evident in the existing literature).

5.1 Model assumptions

The main assumptions of the proposed model are as follows:

1. Engagement in so-called ‘Ol activities’ is an essential process for companies practicing
Ol. However, it does not automatically mean deliberate Ol adoption (Publication 1I).
Moreover, companies may follow different strategies, such as adopting only specific
activities, which prevents the establishment of an objective cut-off point as to how many
activities a company should adopt to be classified as an Ol practitioner (see also related
discussion on various Ol strategies in Vanhaverbeke & Chesbrough, 2014).

2. OC (especially Ol-supporting capabilities; see Publications Il and 1V for details) are
internal enablers of engagement in Ol activities. Companies fostering such capabilities
tend to perform Ol activities with higher intensity. Therefore, high levels of OlI-
supporting OC development can be seen as a sign of deliberate Ol adoption.

3. Most self-identified Ol adopters acknowledge the importance of individual-level
competencies (cf. Du Chatenier et al., 2010). To follow the propositions of Grant (19964a;
1996b) and Hafkesbrink and Schroll (2010), such competencies can be viewed as building
blocks for OC. To possess specific OC, a company needs to have employees with specific
individual competencies. As demonstrated in Publication V, these individual
competencies are also important when performing specific Ol activities. This means they
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can be viewed from two angles: as internal OC enablers and as direct supporters of
specific Ol activity performance.

5.2 Model scales

The proposed model offers several scales tested during the research process. For Ol
activities, two alternative operationalisations were tested. First, the activities were
classified as inbound or outbound (cf. Chesbrough & Brunswicker, 2013; 2014;
Chesbrough & Bogers, 2014). This classification was tested in publications 11l and V.
Second, they were classified again into three groups via exploratory FA: open technology
sourcing, open mass innovation and open collaborative innovation (see Publication V for
details). The first classification set (i.e. the deductive approach) was taken from prior
literature, while the latter was drawn directly from real collected data (i.e. an inductive
approach). Table 9 describes the relationships between these two classifications.

Table 9. Ol activity classification comparison (based on publications 11, IV and V)

Open technology Open mass innovation | Open collaborative
sourcing innovation

Inbound IP in-licensing; Crowdsourcing; using Customer and
external technologies external networks consumer co-creation
acquisition in R&D projects;

scanning for external
ideas; collaborative
innovation with
external partners;
subcontracting of R&D

Outbound Participation in Free-revealing
standardisation; IP out-
licensing; selling of
non-utilised/unused
technologies

Note: Inbound activity “Idea & start up competitions” has been removed from the

classification due to high cross-loadings (See Publication V for details).

Analysis of this table reveals that inbound Ol activities are most prominent. Publication
Il demonstrated that many companies consider Ol only in its inbound dimension. This
bias was also reflected in the academic literature (cf. Enkel et al., 2011). In contrast, the
first category, open technology sourcing, exhibits a balanced mix between inbound and
outbound activities (with minor prevalence of outbound activities). This category consists
of well-known and long-practiced activities, such as IP in- and out-licensing, external
technologies acquisition and the selling of unused technologies. The third category
consists exclusively of inbound OI activities, focusing on knowledge inflow while
supporting collaboration between companies.

Because of the ample and sometimes contradictory literature on OC (that simultaneously
manages to lack empirical evidence), an inductive approach was chosen by the present
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dissertation to develop the proposed classifications (cf. Publication IV for details). Under
this model, capabilities were divided into generic and Ol-supporting OC (Table 10).
Generic OC represent those that aim to facilitate the dissemination of knowledge within
an organisation to create a supportive organisational climate. Such capabilities also
facilitate Ol adoption (Brem et al., 2017), but they should not be considered as exclusively
Ol-related (cf. Chesbrough, 2003a). In other words, even an organisation not planning to
engage in Ol can benefit from developing such capabilities. At the same time, OlI-
supporting capabilities exhibit a strong connection with deliberate Ol adoption (as shown
in Publication I11). Companies planning the strategic adoption of Ol (not the occasional
engagement in collaborative activities) need to master these capabilities.
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Table 10. Organisational capabilities classification (based on publications Il and 1V)

Generic organisational capabilities

Ol-supporting organisational capabilities

New external ideas are easily accepted and
disseminated in our organisation

Open innovation skills and awareness are fostered
within our organisation

Our employees have positive attitudes towards
applying ideas and technologies from outside the
company

We provide education and training on open
innovation for our employees

We accept the possibility of mistakes in external
knowledge sourcing

Open innovation activities by our employees are
rewarded

Our competitive advantage lies in collaborating
with external partners

(Top) management
innovation activities
resources)

strongly supports open
(by allocating enough

Our employees have positive attitudes towards
other companies receiving and wusing our
knowledge and technologies

We apply interactive collaboration tools and
methods to facilitate open innovation

The borders of our company are open for
knowledge flow from outside-in and from inside-
out

The organisational structure in our company is
designed to be open according to our needs

Relevant departments are actively participating in
knowledge sourcing and knowledge exchange

Externally obtained knowledge is integrated into
our products, processes, and services

Note: The item “We have sufficient knowledge in our organisation to compete in our
marketplace” has been excluded from the classification as irrelevant (see Publication I11).

The individual-level competencies required of employees for successful participation in
Ol projects have been classified using exploratory factor analysis (EFA) (i.e. an inductive
approach; see Publication V for methodological details). The identified factors were
combined into three higher order categories, so likewise the individual-level
competencies can be organised into a three-order model (see Table 11).
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Table 11. Individual-level competencies structure (based on Publication V)
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The largest, first-order category addresses professional competencies required for
managing Ol projects. It consists of one second-order competency that includes 10 skills
and abilities. The second first-order category includes interpersonal competencies
required for successful collaboration with other team members. This category consists of
three second-order groups featuring innovative teamwork competency, inter- and intra-
organisational collaboration competency and innovation process competency, each built
from two to four individual third-order skills and abilities. Consequently, the third first-
order category addresses the interpersonal competencies required for successful
performance in Ol projects. These second-order competencies are creative work
competency, failure tolerance and entrepreneurial leadership competency, comprised of
one to three third-level skills and abilities. The individual-level competencies describe all
essential categories: project management skills, collaboration with other people and
personal characteristics and mindsets.

5.3 Relationships between model elements

The proposed model connects different levels of indicators of Ol adoption. To adopt and
benefit from OI, companies need to achieve excellence on all levels. Because the levels
are interconnected, advancements on one level will affect the others, and each higher-
order factor depends on lower-level factors. Hiring employees with the necessary
competencies (or fostering these competencies among existing staff) creates a base for
OC, which in turn facilitates the adoption of Ol activities and leads to performance
improvement. Companies not committed to Ol can of course adopt the described
activities as well (and consequently gain the necessary individual competencies and
master the respective OC), but their overall results will likely be less impressive than
those of companies that engage strategically in Ol to develop supportive, individual-level
competencies and firm-level capabilities.

Interestingly, generic OC (cf. Hafkesbrink & Schroll, 2010; Enkel et al., 2011) exhibits a
stronger effect on activity adoption than Ol-supporting OC. This seemingly controversial
point can be explained by the fact that generic capabilities are essential for all companies
irrespective of their strategy towards Ol. They are required for any successful innovation
process, whereas Ol-supporting OC contribute to specific aspects of Ol adoption. As
Publication Il demonstrates, high levels of Ol-supporting OC is a distinctive indicator
that a firm is an Ol adopter.

Another important observation is that while inbound Ol activities contribute to a
company’s innovation performance through mediation mechanisms (organisational
capabilities lead to Ol activities, which lead to improved innovation performance),
outbound activities do not have such an effect. Outbound activities exhibit smaller
differences in coefficients between generic OC and Ol-supporting OC. This means that
the relative impact of Ol-supporting OC on outbound activity engagement is higher here
than in the case of inbound OC. Therefore, when analysing whether a company is a
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strategic Ol adopter, a combination of performance measures should be applied (as
innovation performance improvement is not the main objective of some firms).

As Hafkesbrink and Schroll (2010) and Teece et al. (1997) point out, individual-level
competences should be considered not as resources per se (cf. Barney, 1991) but rather
as enablers of activities designed to leverage (or gain access to) specific company
resources and create value. This pattern was also described by Ketchen et al. (2007). At
the same time, individual competencies should be viewed as building blocks for OC
(Grant, 1996a; 1996b).

While all skills and abilities are important to companies, only certain categories reveal
significant differences in perceived importance depending on the degree of Ol activity
engagement (see Publication V for detailed results). Companies actively engaged in Ol
activities tend to place greater importance on such competencies, while the remaining
competencies are of equal importance to companies irrespective of Ol activity
engagement. It could be proposed, therefore, that fostering generic individual
competencies creates generic OC, while more specific Ol-focused individual
competencies are required to foster Ol-supporting OC. However, the objective of the
current model is not to establish links between all the possible OC and individual
competencies required for successful innovation, but rather to identify reliable indicators
of Ol that can be understood easily and equally by practitioners and scholars. As such,
the model proposes that engagement in Ol activities is a necessary but insufficient
requirement for a company to be deemed an Ol adopter. The assessment of related OC
and individual competencies allows for higher precision in recognising companies’
strategic adoption of Ol (i.e. who can also practice certain collaborative activities; cf.
Trott & Hartman, 2009; Oakey, 2013). In this way, the model accounts not only for
observable output indicators (i.e. Ol activities) but also the role of control for input factors
(i.e. capabilities and competencies).

This model enables the careful analysis of company Ol strategy. As has been
demonstrated, even companies that consider themselves Ol adopters may not be engaged
in all possible Ol activities. Analysing the interplay between fostered capabilities, a
company’s Ol activity portfolio and its ultimate innovation performance offers a better
understanding of a company’s current Ol adoption state and outlines the necessary
development paths for improvement.

5.4 The measurement approach

The proposed Ol adoption measurement model requires primary data collected by means
of a survey. The survey instrument was developed during the Ol-Net project (see Chapter
3.4) and tested in the included publications. The main indicators—OI activities, OC and
individual competencies—are represented as individual Likert items (see Appendix for
exact question wordings and adopted scales). Depending on research interest, items can
be analysed separately or organised in Likert scales (see tables 9, 10 and 11). As the model
is based on survey data, the margin of error and the quality of the overall results depend
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on the data collection process. The procedures used in this study are described in Chapter
3.4, but researchers are free to modify them (e.g. adopt a different sampling strategy).

The performance measures adopted in the current dissertation are self-reported. However,
it is also possible (and advisable) to incorporate secondary data to reduce the risk of
common method bias. It should be noted that the main objective of the model is not to
assess the outcomes of Ol strategy (e.g. performance) but rather to provide the first step
in such an exercise by suggesting robust indicators for Ol adoption.

The model captures the organisational and intra-organisational levels of Ol adoption.
These indicators are revealed through the degree of development of specific OlI-
supporting OC and consequent individual competencies. The next step is understanding
the degree of Ol activity adoption for further comparison with company performance.
The unit of measurement could be the level of development of an individual item or an
average level that corresponds to a specific dimension (described in tables 9, 10 and 11).

It is important to clarify that while this model measures levels of Ol adoption, it does not
provide a clear cut-off point for identifying a company as an ‘Ol-adopter’ or ‘Ol non-
adopter’. Indeed, as demonstrated in numerous prior works (e.g. Caputo et al., 2016), Ol
should be considered as a continuum rather than a binary state. Even if it is possible to
identify a specific level at which a company may be regarded as ‘open’, doing so would
lead to oversimplification and the loss of precision.
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6 Conclusion

This dissertation sought to develop an approach to Ol adoption measurement. The
proposed measurement model establishes common ground between business and
academia to aid understandings and measurements of OIl, as well as enable the
measurement of Ol adoption at different levels of analysis (individual and organisational).
The secondary objective of this thesis was to contribute to the academic literature by
providing novel insights regarding OC and individual-level competencies. To meet these
aims, four research questions were established:

RQ1: What are the instruments for measuring Ol adoption by academic researchers?

RQ2: What organisational-level variables (such as activities and OC) characterise Ol
adoption by a company?

RQ3: What is the relationship between Ol-facilitating organisational-level variables and
company innovation performance?

RQ4: What individual competencies are perceived as important for the successful
implementation of Ol in companies?

These questions were answered by five interconnected publications (see also Table 1).
These papers assessed the existing quantitative Ol research (focusing on the measures
applied), then through quantitative analyses of European companies tested various
indicators of Ol adoption. The interconnections between Ol activities, OC and firm
innovation performance were also examined. The collected findings allowed for a model
to measure Ol adoption to be developed, as presented in Chapter 5. The proposed model
summarises the conducted research and addresses the main dissertation objective.

This chapter continues the discussion of the paper’s contribution to Ol theory. The
practical implications of the thesis are presented, the limitations of the study discussed
and paths for further research proposed.

6.1 Contribution to theoretical discussion

This dissertation offers five contributions to the innovation management field and Ol
studies.

First, by answering the first research question, this dissertation contributes to the
systematisation of Ol as a field of research. Many scholars have contributed to this
objective by conducting thorough reviews of the Ol field (e.g. Remneland-Wikhamn &
Wikhamn, 2013; Randhawa et al., 2016; West & Bogers, 2107). However, most of these
authors overlooked the problem of measurement. The variety in the scales adopted by
scholars reflects not only the broadness of the topic but also its conceptual ambiguity and
lack of common understanding (cf. Dahlander & Gann, 2010; Remneland-Wikhamn &
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Wikhamn, 2013). This study (Publication I in particular) took note of the most common
measures and identified how their limitations can lead to biased measurements of Ol
activities in companies. It was observed that Laursen and Salter’s (2006) breadth and
depth ideas, for example, mainly focused on the search for external knowledge, which
left the larger scope of Ol activities unassessed. The development of customised measures
and the use of primary data would enable researchers to address subtler aspects of Ol that
cannot be captured by large, generic surveys (e.g. CIS). However, the lack of a common
measurement frame limited the possibility of comparing study results (Dahlander &
Gann, 2010).

The dissertation’s answer to RQ2 relates to the problem identified while answering RQ1.
The dissertation (publications 1l and IIl in particular) identified and tested the
organisational level indicators of Ol adoption. As noted in the study, some scholars
(Chesbrough & Brunswicker, 2013; 2014; Burcharth et al., 2014) devised lists of Ol
activities in attempt to capture the full spectrum of Ol activities. However, the identified
activities were not always considered by companies as related to Ol. With this finding,
the present dissertation provides experimental support to Chesbrough and Bogers’ (2014)
proposition that Ol is not a mere collection of activities, instead demanding significant
changes in company strategy and the development of related organisational capabilities.

Second, with its answer to RQ2, this dissertation contributes to the academic discussion
on the OC required for successful Ol adoption. This discussion began with the seminal
paper by Lichtenthaler and Lichtenthaler (2009) and was later expanded in works by
Hafkesbrink and Schroll (2010; 2014), Enkel et al. (2011), Habicht et al. (2012), Cheng
and Chen (2013) and Hosseini et al. (2017). Only a few of the capability frameworks they
proposed were actually assessed using large-sample quantitative studies, however. As
such, the discussion did not move past the conceptual level.

The list of organisational capabilities employed in the questionnaire was derived from the
work of Hafkesbrink et al (2010) but revised and modified through several Ol expert
workshops and a pilot study. The expanded version now contributes to the field by
assessing OC against companies’ self-perceptions. Specifically, the questionnaire
classifies organisational capabilities as generic and Ol-supporting (cf. Hafkesbrink &
Schroll, 2010; Hosseini et al., 2017). Analysis revealed that only Ol-supporting
capabilities were reliable indicators of Ol adoption; companies developed generic
capabilities irrespective of Ol orientation.

Third, Publication IV contributes to the discussion on the impact of Ol on company
performance, thereby addressing RQ3. The increased adoption of Ol in recent years
(Cricelli et al., 2015) should suggest a positive impact on firm performance, which would
subscribe to the common opinion in the academic literature (e.g. Parida et al., 2012).
However, many scholars have reported contradictory results (Knudsen & Mortensen,
2011) and proposed limits on openness (Laursen & Salter, 2006; Caputo et al., 2016).
This dissertation approached the problem from a different angle by testing the
relationships between OC, Ol (collaboration) activities and innovation performance.



6.1 Contribution to theoretical discussion 79

Thus, the research contributes to and links two streams of Ol literature: OC frameworks
(e.g. Lichtenthaler & Lichtenthaler, 2009; Enkel et al., 2011; Habicht et al., 2012) and
performance analysis (e.g. Laursen & Salter, 2006; Ahn et al., 2015; Greco et al., 2016).
Most notably, the present dissertation tested the mechanisms that transform OC into Ol
activity engagement and lead to innovation performance improvement.

The extant literature suggests that OC (both Ol-specific and generic) should have a
positive impact on organisational performance (e.g. Hafkesbrink & Schroll, 2010). The
current research confirmed this suggestion by examining combinations of capabilities and
Ol activities. The most notable finding was that while all capabilities had a positive
impact on innovation performance, only those in combination with inbound Ol activities
had the hypothesised mediation effect. Outbound activities did not demonstrate a
significant association with innovation performance.

Fourth, answering the final research question (RQ4) contributes to the emerging topic of
the ‘human side’ of Ol (cf. Bogers et al., 2018). Many researchers have proposed
capability frameworks that include individual-level competencies (e.g. Habicht et al.,
2012; Hosseini et al., 2017), but few applied them to OI. Others focus exclusively on
individual competencies (e.g. Du Chateiner et al., 2010) and neglect connections to
factors at other analysis levels. This dissertation expanded on what was started by
Hafkesbrink and colleagues (Hafkesbrink & Schroll, 2010; 2014; Hafkesbrink et al.,
2010), where individual-level competencies are considered as building blocks to OC (see
also Grant 1996a; 1996b). This contribution is not just another classification of
competencies, but rather the creation of a comprehensive model that links competencies
and Ol activities. This experimental, data-based model surpasses current knowledge
levels by organising the specific competencies required for professionals at various
positions in Ol projects (e.g. innovation manager, technical specialists).

The fifth and main contribution of the present research combines results from all four
research questions to develop a model for Ol adoption measurement. The model
(described in Chapter 4.8) applies two levels of analysis and addresses several streams of
Ol literature. The model fills the gap identified by Dahlander and Gann (2010) of a
common measurement framework that allows empirical Ol studies to be compared. The
model builds on the work of Enkel et al. (2011) with additional dimensions and
establishes connections to company performance.

In the observed literature, some authors focused on organisational-level capabilities (e.g.
Lichtenthaler and Lichtenthaler, 2009), and others developed comprehensive models of
individual-level competencies (e.g. Du Chateiner et al., 2010). Many researchers
acknowledged the need to combine both types of capabilities and competencies in a
comprehensive model (e.g. Hosseini et al., 2017). However, only Hafkesbrink and Schroll
(2010; 2014) actually attempted to do so by suggesting the existence of a relationship
between individual-level competencies and firm-level capabilities. The proposed model
of the present dissertation successfully builds on this idea by establishing a link to Ol
activities and drawing mechanisms for company innovation performance improvement.
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This model is expected to become an essential part of assessing Ol adoption within a
company and represents a step towards building a comprehensive Ol theory.

6.2 Practical implications

In addition to making an academic contribution, this dissertation contains important
implications for business practitioners and policy makers. One of the main objectives of
this research was to establish common ground between the business world and academia
in understanding Ol. The goal was not just to ensure the validity of academic studies but
also to increase the practical relevance of the findings from such studies.

The process of Ol adoption is often viewed through the lens of organisational change. It
has been proposed that to adopt Ol, companies need to have developed dynamic
capabilities (Cheng & Chen, 2013; West et al., 2014; West & Bogers, 2017). However,
the present results demonstrate that in addition to dynamic capabilities, companies
deliberately engaging in Ol can be characterised by specific Ol-supporting,
organisational-level capabilities. The present model also describes general-level
capabilities that contribute to organisational R&D processes irrespective of a firm’s
position on openness (cf. Hafkesbrink & Schroll, 2010).

Managers planning the shift towards Ol can use the devised model to learn from the many
innovation strategies adopted by European firms and identify the capabilities they will
need to implement such strategies. They can also access important information regarding
the relationships between openness and performance. Equipped with such knowledge,
managers should be able to design an innovation strategy suitable for their company’s
objectives.

The competence model described in Publication V also contributes to HR and competence
management. Specifically, the competence model describes the essential competencies
required for specialists engaging in Ol projects. The identified competencies vary in
importance very minimally across the different industries and regions, making the
developed model generalisable (at least in European settings). The model does not focus
on one specific position (e.g. innovation manager), but describes competencies for
employees in a range of organisational positions. In addition to specific professional
competencies, the model also considers intrapersonal competencies required of Ol
professionals, such as creativity, leadership and risk tolerance. Therefore, HR
management can use this holistic competencies model as a basis for designing corporate
training programs or when hiring new personnel.

In addition to classifying organisational capabilities, the new competencies model is
expected to help shift processes of organisational change towards Ol. Establishing links
between specific Ol activities and individual competencies helps clarify company Ol
strategies and identify areas in need of further attention. The combination of
organisational-level capabilities and individual competencies should facilitate the
eventual ongoing Ol management within the company. In sum, the model provides
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companies with an effective measurement instrument, and once equipped with the holistic
model, companies can assess their Ol maturity themselves and identify problem areas.

This dissertation also delivers important implications for policy makers. Ol is now a
major EU research and innovation goal (cf. European Commission, 2016). However, the
concept’s conceptual ambiguity, lack of a common measurement framework and
consequent mixed understandings of what qualifies as Ol could seriously hinder the
impact of any Ol initiatives. To rectify this, the present work draws policy makers’
attentions to the existing discrepancies between business and academic understandings of
the phenomenon. When designing a programme to stimulate an Ol environment, it is
important to be aware of how the main recipients (i.e. firms) understand Ol. Universities
and research organisations are often viewed as important elements of the Ol ecosystem,
but academic understandings of Ol can vary significantly. Therefore, for successful
collaboration between business and academia, a common language must be established.

The proposed model also addresses Dahlander and Gann’s (2010) call for a unified
instrument which can be adopted by national and EU-level agencies to measure
innovation activity. Large-scale surveys such as the CIS can capture (to a certain extent)
collaboration activities within companies. However, they are limited in the level of detail
they provide. The current model’s more thorough elements, then, if added to existing
questionnaires will aid European understandings of business processes and facilitate the
development of more efficient innovation policies.

To summarise, this dissertation’s development of an empirically based, multi-level
measurement framework to enable the assessment of company engagement in Ol
represents a significant contribution to practitioners at both the business and policy levels.
Further, the dissertation systematises and classifies OC and individual-level competencies
and identifies discrepancies between business and academic understandings of the Ol
phenomenon. Such knowledge will enable practitioners not only to design and implement
Ol strategies at the firm level but also contribute to the creation and assessment of policy
initiatives to stimulate Ol further, increase firm competitiveness and eventually contribute
to national economic development.

6.3 Limitations and future research

As with any research, the current work has its limitations. These limitations should be
viewed not as study deficiencies, but rather as useful paths for ongoing research.

The most significant limitation is the lack of tested associations within the model. While
the relationships between OC, Ol activities and innovation performance were tested
effectively, the data did not enable similar tests to be conducted for individual-level
competencies. The collected data demonstrated that the perceived importance of different
competencies varies among Ol activities, allowing the development of a competence
model for Ol specialists (presented in Publication V). However, further investigation into
the relationships between model elements is required. Inquiries into the relationships
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between individual competencies and other components of the model will not only refine
the model but also enrich competencies literature. Because intra-organisational analysis
of Ol is still an emerging topic (cf. Bogers et al., 2017) and the current empirical, large-
sample data-based model extends to conceptual works in the field, the exploratory nature
of the work requires further investigation.

The data’s cross-sectional nature limits the possibility of analysing causal relationships
between variables. When discussing the relationship between OI activities and
capabilities and innovation performance, care should be taken in the creation of any
causal relationships. Current identified associations and the extant literature already
suggest the existence of such relationships; launching a follow-up survey in the future
might help clear up any uncertainties. Unfortunately, limitations of time and scope
prevented the implementation of a second-wave survey in the present dissertation, but
this only presents a reasonable direction for future research.

Another issue associated with the data is that of subjective performance measures. Self-
reported performance results are less reliable than figures obtained from secondary
databases. However, as Dess and Robinson (1984) assert, subjective measures tend to
reflect real company performance quite accurately. While the developed model provides
a mechanism by which Ol adoption can affect company performance, actual performance
evaluation was not the focus of the current study. The main gap identified in the literature
was in the absence of holistic indicators for Ol adoption by companies. Thus, the
dissertation mainly addressed the issue of measuring Ol adoption and placed less
emphasis on measuring real performance.

As a prospective direction for future research, an analysis of different performance
indicators should be considered. As demonstrated in Publication 1V, outbound Ol
activities do not have a significant effect on innovation performance. In this respect, it
might be interesting to analyse their impact on firm revenue. Further, the development of
performance measures to assess the effects of Ol in firms of different sizes could be an
interesting task. Eventually, such performance measures could be integrated into the
proposed model for a more unified analytic framework.

Most of the publications included in this dissertation drew on data from European
companies, which sets certain limits to the generalisability of the results. Cultural and
business environment differences may necessitate adjustments to the current model
before it may be implemented in other regions (e.g. Asia). Further, it should be noted that
most of the countries included in the dissertation’s dataset held high positions on many
international rankings (e.g. Global Competitiveness Report); as such, it would aid
generalisability efforts to test the proposed model in developing countries as well.

The current work’s limitations arise from the data and can be attributed partly to the scope
and time restrictions of the study process. However, these limitations provide several
interesting directions for further research. These prospective paths will extend this
dissertation’s contribution to ongoing discussions of innovation and strategic
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management and will lead to the model’s improvement, which holds promise to result in
the development of a thorough, effective theory of Ol.
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Appendix: Ol-Net Questionnaire

The questionnaire was developed by an international team of researchers as a part of
activities of European Academic Network for Open Innovation (OI-Net project), which
received funding from the European Union Lifelong Learning Programme under the
Grant Agreement Number 2013-3830 (http://oi-net.eu).

Ols

Open Innovation network

Identification of Industrial Needs
for Open Innovation Education in Europe



1. OPEN INNOVATION ACTIVITIES

1. Do you adopt the following activities in your company? Please evaluate from 0
to 7.

N

0 No, )
we 1 Very2 3456 7 _VeryIdont
do seldom intensively know

n’t

1. Customer and consumer

co-creation in R&D projects O © 00000 O O
2. Crowdsourcing O O O0000 O O
3. Scanning for external ideas O O 00000 O O

4. Collaborative innovation
with external partners (i.e.
suppliers, universities,
competitors...)

O o 00000 O O

5. Subcontracting R&D O O 00000 O @)

6. Idea & start up
competitions O O 00000 O O

7. Using external networks
(e.g. associations,

intermediaries,  knowledge O O 00000 @) 0O
brokers)

8. Participation in

standardization (public

standards) / influencing O O 00000 @) O

industry standards



9. Free Revealing (e.g. Ideas,

IP) to external parties O © 00000 O O
10. IP in-licensing O O 00000 O O
11. IP out-licensing @) O O0000 @) @)

12. External technologies

acquisition ) o 00000 O O

13. Selling unutilized /
unused technologies O O 00000 O @)

2. Which of the following activities should be used more often and which should be
used less in your company?

0
-1 1 . I

-2 decrease j, o KeeD guopgy 2 Increase .,

significantly S it significantly
decrease is increase know

1. Customer and
consumer co-

creation in R&D O o O O O O
projects
2. Crowdsourcing O 0O ®) O O 0O

3. Scanning for

external ideas ) O O O O O
4, Collaborative

innovation with

external partners (i.e.

suppliers, o O o O O O
universities,

competitors...)



5. Subcontracting
R&D

6. ldea & start-up
competitions

7. Using external
networks (e.g.
associations,
intermediaries,
knowledge brokers)

8. Participation in
standardisation
(public standards) /
influencing industry
standards

9. Free Revealing
(e.g. Ideas, IP) to
external parties

10. IP in-licensing

11. IP out-licensing

12. External
technology
acquisition
13. Selling

unutilised / unused
technologies



2. OPEN INNOVATION COMPETENCIES

3. Please indicate the degree to which you agree with the following statements:

1. We provide education and training
on open innovation for our employees

2. Open innovation skills and
awareness are fostered within our
organisation

3. The borders of our company are
open for knowledge flow from
outside-in and from inside-out

4. New external ideas are easily
accepted and disseminated in our
organisation

5. Relevant departments are actively
participating in knowledge sourcing
and knowledge exchange

6. We accept the possibility of
mistakes in external knowledge
sourcing

7. Our employees have positive
attitudes towards applying ideas and
technologies from outside the
company

1 strongly
disagree

©)

23456&mw

agree
O0O00O0 O
O0O00O0 O
00000 O
00000 O
00000 O
00000 O
00000 O

| don’t
know

©)



8. Our employees have positive
attitudes towards having other
companies receiving and using our
knowledge and technologies

9. Open innovation activities by our
employees are rewarded

10. The organisational structure in our
company is designed to be open
according to our needs

11. We apply interactive
collaboration tools and methods to
facilitate open innovation

12. Externally obtained knowledge is
integrated into our  products,
processes, and services

13. Our competitive advantage lies in
collaborating with external partners

14. We have sufficient knowledge in
our organisation to compete in our
marketplace

15. (Top) management strongly
supports open innovation activities
(by allocating enough resources)

00000

00000

00000

00000

00000

00000

00000

00000



3. SKILLS AND COMPETENCIES IN AN OPEN INNOVATION CONTEXT

4. What skills and knowledge should an open innovation specialist have? Please
evaluate the importance of the following items:

1 not 7 verydon’

importa 2 3 4 5 6 importa t
nt nt kno

w
1. IP management skills O O000O0 O O
2. Negotiation skills O O000O0 O @)
3. Entrepreneurial skills O O0O000O0 O O
4. Leadership skills O O000O0 O O
5. Team-working skills O 00000 O O
6. Multi-tasking skills O O000O O O
7. Problem-solving skills O 00000 O O
8. Virtual collaboration skills O O000O O O
9. Internal collaboration skills O 00000 O O
10. External collaboration skills O O000O0 O O
11. Trust skills o 00000 O ©)
12. Communication skills O O0000O O O
13. Networking skills O O00C0O0 O O



14.
Other o 00000 O O

5. What abilities should an open innovation specialist have? Please evaluate the
importance of the following items:

1 not 7 verydon’

importa 2 3 4 5 6 importa t
nt nt kno

w
1. Technology and business mindset O O0000O O O
2. Project management O O0000O O O
3. Adaptability and flexibility O O0000O o O

4, Managing inter-organisational
collaboration processes

o 00000 O O

5. Ability to work in an interdisciplinary
environment

o 00000 O O

6. Ability to work in internal cross-

functional teams O 00000 O ©
7. Strategic thinking O O0000O O O
8. Creativity O 00000 O O
9. New media literacy O O0000 O O
10. Cultural awareness O O000O O O



11. Ability to work with different

professional communities o 00000 O O

12. Ability to share knowledge and ideas
internally / within an organisation

o 00000 O O

13. Ability to share knowledge and id
1ty to share knowledge and Ideas —— ~ ~vho00 O O

externally

14. Risk awareness O O0000O O @)
15. Failure tolerance O O000O0 O ©)
16.

cher o O000O O O

4. INNOVATION PERFORMANCE

6. Please evaluate the innovation performance of your company over the past three
years:

-2 decreased -1 slightly 0 1 slightly 2 increased !

o remained ; L don’t
significantly decreased the same increased significantly KNow
1. Success of
radically new or
significantly
improved O O O O O O
products  and
services
development
2. Risks of O O O O O O

innovation



activities
(financial,
technological,
and market-
based risks)

3. New product

and service

development O O O O O O
time

4, Market

acceptance  of

innovative O O O O O O
products  and

services

5. Return on

investment

_(ROl) _ of O O O O O O
innovation

activities

7. Please evaluate your current open innovation status. Choose one option.

O 1. We are not adopting and not planning to adopt open innovation

2. We are not currently adopting open innovation, but plan to implement Ol

Ojin the near future
O 3. We are in the early stages of implementing Ol activities

4. We are in the process of refining Ol activities and shaping programmes to
help establish best practices in Ol

5. We are experienced adopters of Ol (processes, procedures, and best

O practices are in place)

O 6. We had Ol activities, but decided to discontinue them



8. How do you define open innovation? Please provide your own definition
(optional)

5. COMPANY PROFILE

9. Company Profile

Name of the company (optional)

Web address (optional)

Country *

Email

The year in which the company was

established (optional)

The percentage of our goods and

services on the industrial (B2B) market

The percentage of our goods and

services on the consumer (B2C) market



10. Please select the industry in which your company operates. Tick the one that
provides the main source of revenue. *

O Energy
QO Materials

O Capital Goods

O Commercial and Professional Services
Q Transportation

O Chemicals, Petroleum, and Coal Products
O Automobiles and Components

O Consumer Durables and Apparel

O Hotels, Restaurants, and Leisure

O Media

O Retailing

Q Food and Staples Retailing

O Food, Beverages, and Tobacco

O Household and Personal Products

O Health Care Equipment and Services
O Pharmaceuticals and Biotechnology
O Banks

O Diversified Financials

QO Insurance

O Real Estate

O Software and Services

O Technology Hardware and Equipment
O Semiconductors and Semiconductor Equipment
O Telecommunication Services

O Utilities



Other, please specify:
O

11. What is the size of your company?

O Large >250

O Medium-sized, 50 - 249
O Small, 10 - 49

O Micro, 1-9

6. FEEDBACK AND RESPONDENT INFO

12. What is your opinion about the survey?

QO This survey is of current importance

O We consider the research on this topic to be pointless

13. Are you interested in the results of the survey? If yes, in what form;

O No
O Yes, brief report

O Yes, full report

14. Are you interested in participating in the in-depth interview on Industrial Needs
for Open Innovation Education?



O Yes
O No

15. Are you interested in future cooperation on the topics covered in the survey? If
yes, in what form:

(] Writing business cases

[] Participation in round tables, workshops, and conferences

[] Evaluating and giving feedback on the curricula on open innovation
[ ] Participation in research seminars

[] Individual consultations

Other, please specify:

[l

16. What is your position in the company? *

17. How long have you worked for the company?

O Less than 1 year
O 1to 3 years

O 31to 5 years

O 51to 10 years



QO Longer than 10 years

18. If you are interested in receiving the report, participating in the Open innovation
book lottery, or being contacted in the future, please provide your details.

This is an optional question, due to social data collection ethics and the requirement for anonymous data collection.

Name, Surname

Email

19. Is there any other feedback that you wish to provide?

Thank you for your time!

0% completed (0 of 6 pages)
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Abstract: Since the beginning of an open innovation era back in 2003, the
research of the phenomenon keeps spiking the interest and the publications with
the keyword open innovation grow exponentially every year. The multitude of
research focused on many details of open innovation, at the same time literature
reviews of this research aimed at classifying and structuring this enormous
amount of information. Nevertheless, there has been no interest so far in
understanding how we should study open innovation to stop going in circles. In
order to do so, the analysis of the methods and measures of open innovation to
date had to be analysed. This paper represents a structured review of quantitative
publications of open innovation and analyses the indicators applied by different
researchers in different contexts. By doing so, we contribute to the theory of open
innovation and add to the understanding of how it is measured.
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1 Introduction

Since the open innovation revolution ten years ago, the amount of research works produced
keeps growing exponentially and the research interest to this topic never gets weaker. Once
introduced, the notion of open innovation has quickly gained the interest of both
researchers and practitioners. The concept refers to the way of innovation management
when company provides internally produced knowledge for the market and let external
knowledge flow in for maximizing the value for the company. It can also be described as
‘both a set of practices for profiting from innovation and a cognitive model for creating,
interpreting and researching those practices’ (West et al, 2006, p. 286).

The number of articles published in top journals crossed the 500 mark in 2013. Among
them is a number of literature reviews conducted in past few years defining open
innovation and attempting to structure it (e.g. Dahlander and Gann, 2010; Huizingh, 2011;
Lichtehthaler 2011; van de Vrande, et al., 2010), analyzing the major topics and
components of open innovation, as its definitions, outbound and inbound open innovation,
capabilities, decision-making, attitudes. What was not precisely studied in this reviews, is
how open innovation as the concept evolutionised, none has attempted to structure the
scientific approaches to open innovation — to understand what is studied under open
innovation and how it is measured.

Most of the earlier research of open innovation has been based upon case studies on
individual firms or projects inside one firm (case studies by Chesbrough (2002; 2003a) in
particular). Today the open innovation research is conducted through the multitude of
methods, strategies and tools (e.g. case studies, surveys, interviews and simulation to name
few). Nevertheless, the questions of suitability of some methods for open innovation
research and measurement of open innovation on firm level are still widely discussed.

We will not be wrong, by saying that the big concern of open innovation research
society is in how to measure open innovation, and by offering a structured review of
quantitative research papers on topic of open innovation made to day we aim at structuring
and classifying the dispersed knowledge on this subject. The aim of this research is to bring
together fragmented knowledge of open innovation scales, measures and indicators and to
offer a unified approach to the researchers working on this topic. We guide our work by
following research questions: What is the current state of open innovation quantitative
research? What are the most common indicators used in measuring open innovation? What
are the gaps leading to the quantitative research agenda on Open Innovation?

The rest of the paper is structured as follows: we continue with the review of open
innovation quantitative works done to date, followed by justification of the selection
methodology applied in the papers, and present the results of the analysis. We conclude
with giving recommendations for the quantitative studies of open innovation.

2 Review of current research

Open innovation research is strongly connected to the earlier studies on the innovation
processes, utilization of external complementary knowledge, joint development of
technologies, and commercialization of technologies, it has also adopted mainly
managerial, economic and intellectual property - centric viewpoints. Sometimes, open
innovation is even seen as a simple reframing of pre-existing network, collaborative
innovation, alliance and technology transfer literature (Trott and Hartmann, 2009).



The problem of measuring open innovation requested structuring open innovation
process, defining the stages or combining the similar processes. Thus, the two main
classifications emerged. First, based on the empirical database of 124 companies,
Gassmann & Enkel (2004) describe the open innovation approach in terms of three
innovation processes: the outside-in process, the inside-out process, and the coupled
process. This classification was later applied in up-to-date research papers of Enkel et al.,
(2009), Van de Vrande et al., (2009), Rohrbeck et al., (2009), Dahlander et al., (2010) and
others. The second classification was introduced by Chesbrough et al in 2006. They offered
terms inbound and outbound licensing, knowledge flows and inbound and outbound open
innovation (Chesbrough, et al., 2006). Inbound Ol reflects outside-in process, and
Outbound Ol respectively means inside-out process.

In the frame of open innovation, as described by Chesbrough (2003a,b), the
opportunities for using the external knowledge have increased significantly and the
inbound Ol, or more specifically knowledge acquisition has been widely studied in the
academia (Granstrand et al. 1992; Kurokawa 1997; Veuglers and Cassiman 1999), as well
as practiced by the business (e.g. Procter & Gamble’s Connect and Develop case (see
Chesbrough et al. 2006).While the acquisition of external technologies is currently a
commonplace, the use of technologies and intellectual property (IP) outside the company
(outbound open innovation as defined by Chesbrough (2006) and Gasmann and Enkel
(2004)) is still observed rather rare (Athreye and Cantwell 2007; Mendi 2007).

In terms of knowledge acquisition, the most common measurements are probably
external knowledge breadth (combination of the 16 sources of knowledge or information
for innovation) and depth (the extent to which firms draw intensively from different search
channels or sources of innovative ideas) analysed in the studies of Laursen and Salter
(2006), Ebersberger et al., (2012), Tether and Abdelouahid (2008), Sofka and Grimpe
(2010), Kohler et al., (2012), Spithoven (2013), and others. The general logic is that
companies search for and acquire technologies and knowledge from outside (Larsen &
Salter, 2006) in order to compliment the internally developed R&D and achieve better
competitiveness on the market.

In terms of the inside-out process or external knowledge exploitation, additional profits
are earned by selling IP, transferring ideas to the outside environment, etc. This process
has been thoroughly studied and measured by Lichthenthaler both at operational and
strategic levels (2005, 2007, 2008a, 2008b). The inside-out process is associated with
outbound technology transfer capabilities, and hence often studied within the knowledge
transfer framework (e.g. Granstrand et al 1992). Such an approach of open innovation has
been successfully deployed by such companies as IBM, Novartis etc, aiming at decreasing
the fixed costs of their R&D, sharing the risks, and gaining access to distribution channels
and brands, as done by Ascom (Gassmann and Enkel 2004).

In terms of evolution of open innovation as a concept, the research of it started smoothly
with few publications in the field, mainly case studies and business practice overview
started by Chesbrough (2003a, 2003b, 2004) and an early empirical work by Gassmann
and Enkel (2004), which until 2006 stayed almost the only empirical attempt to study open
innovation by quantitative methods. The general amount of open innovation articles started
to increase in 2006 followed by increase variety of methods. Other than case study research
methods applied in 2003-2006 were conceptual papers.

Hence, the research of open innovation can be divided between three timelines: 2003-2006,
conceptualisation and initial theory building based on in-depth case studies; 2007-2008
when qualitative, interview based and multi-case comparison research yielded to first
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quantitative studies; and 2009-2013, where open innovation concept has matured enough
to be studied by quantitative methods, some measurement indicators has emerged and the
big scale surveys were launched, and new methods of research started to emerge. Among
new methods for open innovation introduced in Third methodology stage are simulation
(e.g. NK fitness landscape analysis) and structural equation modelling. These advanced
methodological approaches show the direction of open innovation towards the full-bodied
theoretical concept, at the same time keeping it close to business world through the
abundance of case studies, which at the latest stage evolutionised into multi-case studies.
Of course each period has its outliers, which confirm, rather than decline the tendencies.
These insights bring us to the analysis, presented in the following chapters.

3 Methodology and data description

This paper is based on a structured and coherent review of open innovation articles
published between 2003 (when open innovation was officially coined as a term) and
December 2013. For the purpose of this particular paper, 100 relevant articles embracing
quantitative analysis of open innovation were selected.

We applied approach similar to systematic review, when searches for the summaries of
literature are used to identify and classify results (Higgins and Green, 2006). ISI Web of
Knowledge and SciVerse Scopus were used to collect main body of literature for analysis.
The search was restricted to words ‘open’ and ‘innovation’ in title, keywords and abstract,
(or topic as per ISl classification). The initial search results which were first filtered for
direct mismatch or duplicates and then manually sorted based on the focus of the relevant
papers and also deleting the retracted papers.

These articles then were reviewed by either abstracts and if the required information
was not presented there, by reading full papers. On the basis of such review the papers
were classified into categories: qualitative research, quantitative research and other. For
this analysis only quantitative papers were selected.

Open innovation research has been published in the journals with relatively not very
high impact factor, and we discovered a trend, that conceptual and quantitative papers were
published in journals with higher impact factor, than qualitative (Figure 1). The average
Impact factor for all quantitative articles for 2006-2013 = 1,762. Quantitative papers were
published mostly in the Research Policy (13 articles) and Technovation (8 articles)
followed by R&D Management (7 articles), Journal of Product Innovation Management (6
articles) and International Journal of Technology Management (4 articles) (Figure 2), with
most papers published in past few years (Figure 3).
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Figure 2 Distribution of quantitative articles matching the “open innovation” topic by
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Figure 3 Number of quantitative research papers published per year, 2003-2013

The next step of analysis was information extraction from quantitative papers. The data
analysis criteria comprised basic research design characteristics and Ol measures. Former
contains such information as e.g. focus country, sample size and structure, questionnaire
originality, etc. whether or not multi-method approach were applied, and allows assessment
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of current state of Ol research as well as recognizing emerging tendencies. Whereas latter
criteria focuses on actual indicators applied by researchers for identification and
measurement of various Ol activities.

4 Methodological perspective of the decade of open innovation research

Our analysis demonstrated, that quantitative research papers applied following surveys as
data collection methods: attitude scale surveys (Asakawa et al., 2010, Hurmelinna et al.,
2007, Lichtenthaler, 2008, Lichtenthaler & Ernst, 2008, Lichtenthaler, 2010) and
structured questionnaires (Hurmelinna et al., 2007). Some large-scale quantitative research
papers use secondary data collected by means of Oslo manual (Hwang et al., 2009),
Community Innovation Survey (CIS) (Laursen & Salter, 2006, Teirlinck & Spithoven,
2008) or other secondary data (Belussi et al., 2008).

The main research objects are represented by R&D laboratories (Asakawa et al., 2010),
research groups (Belussi et al., 2008) and companies (Belussi et al., 2008, 2010,
Hurmelinna et al., 2007, Hwang et al., 2009, Lichtenthaler, 2008 and others). The
quantitative research is more often focused on SMEs(Lee at al., 2010, van de Vrande et al.,
2009), than on large companies (Table 1).

Table 1 Distribution of researched companies’ size by share in the total number of
articles

Type of Company by
size N Articles Countries researched

Belgium, Canada, China, Denmark, Finland, Italia,
Korea, Netherlands, Spain, Sweden, Taiwan, UK,

SMEs 17 USA

Medium and large 9 Australia, Germany, Switzerland, Taiwan
Austria, Germany, Switzerland, France, Japan,

Large 8 USA, UK

Small 5 Canada, Netherlands, USA

Other (various types,

type is not specified) 61 -

In terms of industries, the research on open innovation covers mainly R&D intensive
industries (Figure 4), like chemical, pharmaceutical (Lichtenthaler, 2008, Lichtenthaler,
2007, Lichtenthaler & Ernst, 2008, Lichtenthaler, 2010), electronics, automobile, precision
apparatus, communications (Asakawa et al., 2010), manufacturing (Laursen & Salter,
2006), life science cluster (medicine, pharmaceutical, computer science in medicine, etc)
(Belussi et al., 2008, 2010). Large share is devoted to IT industry. In fact, open innovation
is often mistakenly equalized to open source, which is too narrow view of phenomena.
Still, often in focus of open innovation research are OSS (open source software) companies
(Hwang et al., 2009, Stam, 2009), information and communications technology and
biotechnology/nanotechnology (Rampersad et al., 2010).
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Figure 4 Top 10 industries researched in quantitative articles on open innovation

The choice of the industry is often limited or enabled by availability of data, so if we look
at the primary data collection only, excluding CIS and other databases, the Top 5 industry
choices are somewhat different (Table 2).

Table 2 Top 5 industries researched in quantitative articles on open innovation with
primary data

Industry Number of articles
Electronics 16
Pharmaceutical 13
IT, ICT 12
Chemical 10
Manufacturing 8

Biggest part of open innovation quantitative research falls to developed countries
(Table 3), with knowledge-based economy and well developed markets for technology,
primarily EU and Northern America (USA based multinational corporations (MNC).

Table 3 Top countries in quantitative studies

Country Number of articles
Germany 17
Austria
Belgium
Spain
Switzerland
Not specified
Netherlands
UK
China
Denmark
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Among most popular are multicounty studies inside Europe (Germany, Switzerland, and
Austria by Lichtenthaler 2007, 2008, 2010) and surveys (Stam, 2009; van de Vrande et
al., 2009; Teirlinck & Spithoven, 2008). The research on developing countries is rather
scarce and methods applied for the research are rather limited to qualitative, as often data
collection in developing countries is rather complicated.

The results showing the country-based distribution of open innovation research, with
focus on higher developed western world, raises the question of what comes first —
prosperity or open innovation. Is it only the lack of research and interest in the developing
markets innovation models or the reflection of situation that open innovation is a game to
play for rich only? Hence, further research on emerging markets is needed to answer the
question — what was first, prosperity or open innovation. Does an open innovation make
successful company or does success make companies consider open innovation, as a
leisure-time experiment.

Data Collection: Primary Vs Secondary Data

The trace of open innovation research in the past years shows the trend for developing
own survey, i.e. use of primary data collection. Nonetheless, only slightly more than half
of analysed papers (53 articles) are based on original surveys developed and administered
by authors. Other scholars accomplished their research with the use of secondary datasets:
17 articles utilized European Community Innovation Survey (CIS) database whereas the
rest of the sample (28 articles) applied other databases in accordance with the focus of their
research (Table 4).

Table 4 Distribution by type of data source

Data type by source Number of articles/Share %
Primary 53
Secondary data (CIS) 17
Secondary data (not CIS) 28
Not specified 2
Total 100
Primary sources

Development of original questionnaire specially tailored for the target research
questions may provide the better empirical outcomes, than analysing the data from
secondary sources, which often does not include the variables with proper fit to open
innovation. At the same time, such method poses increased requirements to measuring
internal validity, sample representativeness and overall survey constructs. That is why
many authors align their questionnaires with established methodologies such as Oslo
Manual or apply verified variables (often in customized form) from large-scale surveys
(e.g. CIS) or research conducted by recognized scholars.

Another common practice is conducting in addition to survey the quantitative
interviews with expert or companies representatives (see e.g. Lichtenthaler, 2007c; Stam,
2009). During the initial stages of research design that helps to clarify the actual research
questions and to choose appropriate variables. Business databases can be useful at the stage
of sampling and may provide some basic data (e.g. company age, size, turnover) that allows
to eliminate such questions from the actual questionnaire decreasing its size and saving



respondent’s time which virtually may result into increased response rate (Asakawa et al.,
2010; Grote et al., 2012).

Some authors such as Rampersad et al., (2010) and Pullen et al., (2012) apply the
triangulation approach. In order to increase the validity of the results in additional to
quantitative survey they include also qualitative interviews and case studies not only at
earlier stages of research but as an equal source of data.

The similar time and resources constraints affect the sample size which is generally
smaller comparing to the studies based on secondary data (from 60 to 1199 companies with
average 226). At the same time researches are not limited in the choice of focus countries.
Although, the greatest share accounts for European countries, in particular Germany,
Austria and Switzerland, the presence of Asian countries such as Korea, Japan and Taiwan
is noticeable. Developing countries appear to be out of research focus with the only
exception of work by Chaston and Scott (2012) who focus on impact of entrepreneurial
attitudes and Ol adoption on performance of Peruvian firms.

The primary data collection for open innovation research is summarized in the Table
5, which includes the size of the sample, country (countries) where the survey was
conducted and the author (s) of the research work.

Table 5 Primary Data Collection on Open Innovation for Quantitative Studies

Sample size Country Authors

203 Japan Asakawa et al., (2010)

108 (30 PRO, 78 Italy Belussi et al., (2008); Belussi et al.,

firms) (2010)

238 Peru Chaston and Scott (2012)

184 Taiwan Chiang and Hung (2010)

1119 Norway Clausen et al., (2013)

193 Sweden Fishammar et al., (2013)

110 Austria, Germany, Switzerland Grote et al., (2012)

86 Korea Hwang et al., (2009)

162 Germany Héussler, (2010)

451 Canada Idrissia et al., (2012)

135 Germany (92), Switzerland (28), Lichtenthaler, (2007c)
Austria (15)

154 Germany (70%), Switzerland (19%), Lichtenthaler and Ernst (2007);
Austria (11%) Lichtenthaler, (2008b)

152 Germany (70%), Switzerland (19%), Lichtenthaler and Ernst (2008)
Austria (11%)

79 Germany Lichtenthaler and Muethel (2012)

252 Sweden Parida et al., (2012)

116 USA Perlos et al., (2013)

60 Netherlands Pullen et al., (2012)

219 Australia Rampersad et al., (2009)

293 USA Theyel, (2013)

355 Denmark Tranekjer and Knudsen (2012)

355 Denmark Tranekjer and Sgndergaard (2013)

243 Netherlands van Hemert et al., (2013)

121 Netherlands Stam, (2009)
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Secondary sources of data
Applying secondary data sources can be considered as a viable alternative to self-
administered surveys. Existing databases provide an instant access to broad set of data that
allows examining big cross-country samples (e.g. for CIS-based research number of
observations varies from 1511 to 11862 firms with average sample size 4955). Official
status of organizations responsible for databases creation ensures higher reliability and
higher response rate comparing to the independent surveys.

At the same time, relying on the secondary data sources, researcher is limited to the
applied measures which may not necessary capture the target phenomenon. Moreover,
although in comparison with primary-data based studies the amount of cross-countries
comparisons is noticeable higher: 50% of CIS-based research paper observe three or more
countries (Sofka and Grimpe, 2010; Ebersberger et al., 2012; Ké&hler ae al., 2012;
Spithoven, 2013) (Table 6). As a drawback, CIS-data limits amount of possible countries
to analysis exclusively to European.

In some cases researchers apply alternative databases to study specific problems which
cannot be properly measured with data provided by CIS-database (see e.g. study by Dias
and Escoval (2012) aimed to explore innovation drivers among public hospital in Portugal
or Wan et al., (2013) who studied the role of references in patents for Chinese firms
technological innovation capabilities). However, being specialized, such databases my not
contain all the necessary information which forces researchers apply multiple of sources
(see e.g. Wang et al., 2013a). Moreover, national databases eliminate the possibility of
cross-countries comparison and result into smaller sample size (from 44 to 2573 with the
average 587 firms observed). At the same time analysis reveals higher distribution among
studied countries without strongly marked European hegemony.

The secondary data collection for open innovation quantitative research is summarized
in the Table 6 (CIS survey based) and Table 8 (other data sets), which includes the size of
the sample, country (countries) where the survey was conducted and the author (s) of the
research work.

Table 6 Secondary Data Collection (CIS) on Open Innovation for Quantitative Studies

Countries of analysis* Author

Belgium (1511) Czarnitzki and Thorwarth (2012)
Austria (296), Belgium (1023), Denmark (859), | Ebersberger et al., (2012)
Norway (1508)
Belgium (636), Germany (1446), Greece (332), Kahler et al., (2012)
Portugal (489), Spain (2030)
UK (2707) Laursen and Salter (2006)
Belgium (640), Germany (1526), Greece (338), Sofka and Grimpe (2010)
Portugal (505), Spain (2073)
Belgium (1223), Germany (2813), Spain (7826) | Spithoven (2013)
Turkey (5863) Temel et al., (2013)
UK (3996) Tether and Abdelouahid (2008)
*Sample size for each specific country in parentheses

Open Innovation Indicators

The open innovation indicators are discussed below based on the classification
according to secondary and primary data used in the analysis. Before we proceed, we
present unified list of indicators and the authors which used them (Table 7). The indicators
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include internal R&D and innovation indicators, both perspectives of open innovation
process: inbound open innovation and outbound open innovation, and also collaboration
with external partners.

Table 7 - Top Ol indicators by number of articles, where the indicators have been used

Authors
Laursen and Salter (2006), Tether and Abdelouahid
(2008), Sofka and Grimpe (2010), Ebersberger et
al., (2012), Kahler et al., (2012), Spithoven (2013);
Spithoven et al. (2013)

Indicators

External knowledge search

External knowledge search breadth
(combination of the 16 sources of
knowledge or information for
innovation) and depth (the extent to
which firms draw intensively from
different search channels or sources of
innovative ideas)

Laursen and Salter (2006), Ebersberger et al.,
(2012), Tether and Abdelouahid (2008), Sofka and
Grimpe (2010), Kohler et al., (2012), Spithoven
(2013); Spithoven et al. (2013); Kaforous and
Forsans (2012); Wagner (2013) Wang et al.,
(2013); Wang et al., (2013a); Bellantuono et al.,
(2013); Roper et al., (2013); Wu et al. (2013)

Collaboration breadth and depth
(collaboration with external partners on
R&D and Innovation), including
partner characteristics

Laursen and Salter (2006), Ebersberger et al.,
(2012), Spithoven (2013), Temel et al., (2013);
Garriga et al. (2013); Spithoven et al. (2013)

Absorptive capacity: (based on
Lichtenthaler measure-14 items) Open
exploration and exploitation/Sources
of innovation: (collaborating firms;
competing firms, market and science
sources, supplier product and process
integration)/ technology sourcing

Belussi et al., (2010), Clausen etal., (2013),
Chiang and Hung (2010), van Hemert et al., (2013),
Héussler, (2010), Tranekjer and Sgndergaard
(2013), Parida et al., (2012), Perols et al., (2013),
Tranekjer and Knudsen (2012), Parida et al.,
(2012); Frankort (2013); Hung, and Chou (2013);
Lassala et al. (2013); Xiaobao et al. (2013); Salge
etal. (2013); Simeth and Raffo; Sisodiya et al
(2013); Wynarczyk (2013); Xia (2013); Belussi et
al., (2008), Idrissia et al., (2012), Lichtenthaler,
(2008b), Doloreux and Lord-Tarte, 2013; Huang
etal. (2013); Xia (2013)

R&D intensity: 1) R&D expenditure —
log/the share of R&D exp. in total sales
2) R&D employees as a share of the
total number of employees

Belussi et al., (2010), Lichtenthaler, (2008b),
Tranekjer and Knudsen (2012), Stam, (2009);
Doloreux and Lord-Tarte, 2013; Simeth and Raffo
[dependent var] (2013)

The measurement of open innovation in the studies based on the secondary data is
limited by the scope of the data set. Thus, in the research papers using CIS data (Appendix
1), authors have to elaborate their hypotheses and to build the research design on the scales,
developed specifically for this survey, regardless of their (lack of) fit to open innovation
context. However, how it was mentioned earlier, the CIS data gives the widest geographic
and industrial coverage in Europe, gives opportunity to test larger sample of companies
and guarantees the verified and reliable scales of measurement.

For our research purpose, where we aim to analyse the direction of the statistical
dependency, we distinguish between independent and dependent variables. Independent
variables (for CIS-based papers) characterize open vs. closed innovation process or
strategy; describe degree and nature of cooperation and companies capabilities. From other
side, dependent (or resulting) variables reflect the effect of open innovation indicators on
innovation or financial performance.
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The analysis has revealed the number of indicators, measuring 1) inbound open
innovation, such as external knowledge search, external knowledge search breadth and
depth, external technology acquisition and external innovation; 2) coupled open innovation
process, such as variables characterizing both inbound and outbound open innovation
flows; 3) cooperation, such as “collaboration breadth and depth”, collaboration with
external partners on R&D and Innovation, including partner characteristics, and
outsourcing of R&D or innovation; 4) internal R&D — group of indicators measuring
company’s internal innovation capability, R&D intensity, HR factors, like education of
personal, etc.

Open innovation research based on the other than CIS data sets almost always has
specific research focus (Table 8) such as impact of R&D configuration, cooperation on
R&D with external partners, role of foreign partners or other stakeholders, SMEs focus,
etc. Thus, open innovation has either supporting role in this analysing, represent side effect
of company’s strategy or is targeted in very specific area (like SMEs). In this case, the
scope of independent variables remains the same like in the studies based on CIS data, but
scope of dependent variables include also companies’ financial performance, R&D
cooperation, R&D outsourcing, degree of openness, etc. In this case, we observe the
phenomena, when open innovation not only has effect on firm’s innovation performance
(like in CIS based research), but also the factors influencing the firm’s choice of open
innovation strategy are analysed. The indicators applied in the research papers analysing
the secondary data on the specific datasets (other than CIS) are summarized in the
Appendix 2. For the comparison purposes, we kept the structure of indicators the same like
in the case of CIS data: independent and dependent variables, and variables measuring open
innovation process, innovation outputs and specific research indicators. As the datasets, in
this case, are less standardised compared to CIS, the indictors, especially the dependent
variables show higher diversity and fit well to the picturing specific aspects of open
innovation.

Table 8 Secondary Data Collection (other dataset) on Open Innovation in Quantitative Studies

Research focus Dataset used Countries and Authors
sample size

Impact of R&D Surveys of Italian Italy (2537) Berchicci

configuration Manufacturing Firms (2012)
(SIMFs)

Identification of the DISKO Survey (among Portugal (95) Dias and

main driver for public hospitals) Escoval

innovation (2012)

Impact of foreign Prowess dataset India (1090) Kafouros and

knowledge vs. Forsans

domestic on innovation (2012)

performance

Collaboration between | PETRI Spain (262) Nunez-

firms and research Sanchez et al.,

centres (2012)

relationship between PITEC (Technological Spain (more than Sandulli et al.,

industry Innovation Panel) 7000) (2012)

structure and Ol database-main source;

adoption SABI database-additional
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Collaboration vs. annual OECD Belgium (140) Teirlinck and
outsourcing business R&D survey Spithoven
(2013)
Ol in SMEs EIM Netherlands (605) van de Vrande
etal., (2009)

Ol in B2B service German innovation Germany (264) Wagner
environment survey (2013)
Startup benefits from Thomson Financial USA (1141) Waguespack
participation in open Corporation and Fleming
standard communities Venture Expert database (2009)
the role of references China State of Intellectual | China (95) Wang et al.,
in patents in a firm’s Property Office (SIPO); (2013)
technological learning | Espacenet
and innovation
Influence of in-license | SIPO database-main China (186) Wang et al.,
technology portfolio on | source. (2013a)
innovation annual reports,
performance newspapers, web-pages,

direct companies contacts

for gathering some basic

information

Open innovation indicators applied in papers based on primary data

Due to the fact that open innovation is an emerging phenomenon, and the instruments and
tools for measuring it are not yet established alike in other academic disciplines, developing
new measurement instruments and collecting primary data reflects the exploratory nature
of open innovation — concept developing on the early stage. Researchers, collecting and
analysing the primary data on open innovation set ambitious goals and at the same time
take risks of reliability and validity threats. We can conclude that research based on the
primary data collection is the best fitting the open innovation purposes and provides the
widest (compared to secondary data analysis) range of open innovation measures and
indicators (see Appendix 3). Obvious benefits of primary data are the wide research focus
opportunities, possibility to capture the thought of open innovation phenomenon in
companies, while conducting structured interviews, possessing first-hand information on
companies’ open innovation processes, strategies and challenges, open innovation
implementation mechanisms and procedures, In Appendix 3 one can find the wide
classification of independent and dependent variables measuring inbound, outbound and
coupled open innovation processes, relationship measures of R&D cooperation with
external partners, and many other indicators picturing the open innovation.

5 Conclusions

In this paper we studied the quantitative research on open innovation and in particular
analysed the major indicators used in the Open Innovation research. We discovered that
53% of the quantitative research is based on proprietary data collection, whereas the other
17% uses CIS. Most popular industries to study were manufacturing, electronics and IT
(according to papers’ own classifications). In general, the most common data collection
methods were e.g. attitude scale surveys and structured questionnaires. Biggest share of
research was done in developed countries, mainly Europe, however research on China is
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catching up. This can be also connected to the availability of secondary data on those
countries and the comfortable conditions of collecting primary data.

The evolution of method for analysing the phenomena allows seeing how the theory
has been created as well as to explore the missing areas not covered by currently applied
methodological palette. Additionally, there is hardly any unified scales exist to measure
Ol, and by listing and unifying the most common indicators we invite the researchers of
open innovation to apply those measures towards standardization of open innovation
understanding. The multitude of quantitative research conducted by now is using
proprietary scales and offers no unification so far.

In this paper we are not targeting to solve all open innovation measurement problems,
however by unifying and classifying the quantitative side of open innovation research to-
date we came closer to developing the unified set of open innovation measures allowing
the collaboration across different disciplines and countries.

The paper has a significant contribution to the open innovation research, by structuring
the fragmented data of open innovation scales and measures and finding commonalities
and differences in open innovation quantitative research as well as offering to the scientific
word a classification of open innovation measures, indicators and scales based on the
object, industry and country of analysis.

We believe that this paper is a timely and important contribution to structuring open
innovation knowledge and to building open innovation theory.

This research is theoretical in nature and is mainly targeted at the scientific community;
however the practitioners interested in measuring open innovation in the company can also
find the results of this research interesting and useful and can see what criteria they can
apply for measuring the innovation success in their own organizations.
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Appendices

Appendix 1. Open Innovation Indicators applied in CIS survey based articles

Indicators (Independent)

[ Author (s)

Inbound OI

External knowledge search

Laursen and Salter (2006), Tether and
Abdelouahid (2008), Sofka and Grimpe (2010),
Ebersberger et al., (2012), Kohler et al., (2012),
Spithoven (2013); Spithoven et al. (2013)

External knowledge search breadth
(combination of the 16 sources of
knowledge or information for innovation)
and depth (the extent to which firms
draw intensively from different search
channels or sources of innovative ideas)

Laursen and Salter (2006), Ebersberger et al.,
(2012), Tether and Abdelouahid (2008), Sofka
and Grimpe (2010), Kéhler et al., (2012),
Spithoven (2013); Spithoven et al. (2013)

External innovation (dummy)

Tether and Abdelouahid (2008), Czarnitzki and
Thorwarth (2012); Spithoven et al. (2013)

Coupled OI

Collaboration breadth and depth

| Ebersberger et al., (2012), Temel et al., (2013)

Co

llaboration

Collaboration breadth and depth
(collaboration with external partners on

R&D and Innovation), including partner
characteristics

Laursen and Salter (2006), Ebersberger et al.,
(2012), Spithoven (2013), Temel et al., (2013);
Garriga et al. (2013); Spithoven et al. (2013)

External innovation (NPD

innovation)

rocess

Czarnitzki and Thorwarth (2012),

Int

ernal R&D

Internal R&D (dummy) and NPD

Tether and Abdelouahid (2008), Sofka and
Grimpe (2010), Czarnitzki and Thorwarth (2012)

Occasional vs continuous R&D

Tether and Abdelouahid (2008), Sofka and
Grimpe (2010), Temel et al., (2013)

Education of Employees

Tether and Abdelouahid (2008), Sofka and
Grimpe (2010)

R&D Intensity (Share of R&D
expenditure of sales)

Sofka and Grimpe (2010), Tether and
Abdelouahid (2008); Janeiro et al. (2013)

Radical / Incremental innovation

Tether and Abdelouahid (2008); Janeiro et al.
(2013)

Other

Appropriability (Average score of the
effectiveness of strategic protection
through secrecy, complexity of design
and lead-time advantage)

Spithoven (2013)

innovation success (positive outcomes
from its innovation activities such as
entry into new markets, an increasing
market share, and reduced unit labor
costs)

Janeiro et al. (2013)

registered trademarks

Janeiro et al. (2013)

IPR protection

Janeiro et al. (2013)

Indicators (dependent variables)

Author (s)

NPD (Dummy)

Temel et al., (2013); Spithoven et al. (2013)
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Innovation output or performance or
success (sales-new to market; imitation)
(innovative novelty; share of sales due to
novel product innovations)

Laursen and Salter (2006), Sofka and Grimpe
(2010), Czarnitzki and Thorwarth (2012),
Ebersberger et al., (2012), Kohler et al., (2012),
Spithoven (2013); Garriga et al. (2013);
Spithoven et al. (2013)

Research intensity (Natural log of the
ratio of intramural R&D expenditure
over turnover)

Spithoven (2013)

LINK SKP-links between firms and
Specialist Knowledge Providers
(dummy-innovation cooperation; source
of knowledge)

Tether and Abdelouahid (2008)

External knowledge search breadth
(combination of the 16 sources of

knowledge or information for innovation)
and depth (the extent to which firms
draw intensively from different search
channels or sources of innovative ideas)

Janeiro et al. (2013)

Appendix 2 Open Innovation Indicators applied in other secondary datasets based

articles

Indicators (Independent)

[ Author (s)

Inbound Ol

Knowledge/technology acquisition
(“breadth and/or depth™)

Kaforous and Forsans (2012); Wagner (2013)
Wang et al., (2013); Wang et al., (2013a);
Bellantuono et al., (2013); Roper et al., (2013);
Wau et al. (2013)

R&D outsourcing (share)

Berchicci (2012)

Collaboration

Pre-project factors (Previous
experience(dummy); Motives
(importance of financial/technical
motives))

Nunez-Sanchez et al., (2012)

Project characteristics (Commitment
(spending/share of workload); IP
(degree of institutionalization);
Coordination (degree of project
management); Communication (dummy,
information sharing))

Nunez-Sanchez et al., (2012); Bellantuono et al.,
(2013); Wu et al. (2013)

Interorganizational collaboration
(“breadth and depth™)

Wagner (2013)

Community activities (Conference
attendance (amount of employees);
Working group chairs (number of
periods of leadership in Open Standards
Community))

Waguespack and Fleming (2009)

Internal R&D

HR factors (share of R&D
employees/PHD holders; Training
(binary))

Berchicci (2012); Sandulli et al., (2012);
Teirlinck and Spithoven (2013)

In-house R&D (R&D spending and the
perpetual inventory method)

Kaforous and Forsans (2012); Teirlinck and
Spithoven (2013); Roper et al., (2013)
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R&D output (New product (dummy);
Published standards/publishing attempts
(sum))

Teirlinck and Spithoven (2013); Waguespack and
Fleming (2009);

Other

Industry-level characteristics (life-cycle,
concentration, intensity)

Sandulli et al., (2012)

Indicators (dependent variables)

Author (s)

Innovative performance (share of
innovative products/services sales)

Berchicci (2012), Sandulli et al., (2012); Wagner
(2013); Roper et al., (2013); Wu et al. (2013)

Firm performance (profit before tax)

Kaforous and Forsans (2012); Wu et al. (2013)

Scientific Impact (publications, research
position)

Nunez-Sanchez et al., (2012)

Technical impact (patents, techno-
commercial impacts achieved)

Nunez-Sanchez et al., (2012); Wang et al.,
(2013); Wang et al., (2013a)

Openness (dummy) (Binary variable
(yes/no), question: Does the firm
collaborate in product innovation with
other firms or organizations?)

Sandulli et al., (2012)

Research cooperation (dummy)

Teirlinck and Spithoven (2013)

R&D outsourcing (dummy)

Teirlinck and Spithoven (2013)

Liquidity event (dummy)

Waguespack and Fleming (2009)

Technological diversity (number of new
classes
in a firm’s patent portfolio)

Wang et al., (2013)

Absorptive capacities

Wau et al. (2013)

Entrepreneurial orientation (firm
strategy)

Wu et al. (2013)

Appendix 3. Open Innovation Indicators applied in Primary data articles

Indicators (Independent)

[ Author (s)

In

bound Ol

External search breadth and depth/
absorptive capacity: (based on
Lichtenthaler measure-14 items)_ Open
exploration and exploitation/Sources of
innovation: (collaborating firms;
competing firms, market and science
sources, supplier product and process
integration)/ technology sourcing

Belussi et al., (2010), Clausen etal., (2013),
Chiang and Hung (2010), van Hemert et al.,
(2013), Haussler, (2010), Tranekjer and
Sgndergaard (2013), Parida et al., (2012), Perols
etal., (2013), Tranekjer and Knudsen (2012),
Parida et al., (2012); Frankort (2013); Hung, and
Chou (2013); Lassala et al. (2013); Xiaobao et
al. (2013); Salge et al. (2013); Simeth and
Raffo; Sisodiya et al (2013); Wynarczyk (2013);
Xia (2013)

Open innovation scale (Lazzarotti et al.’s
2010)

Chaston and Scott (2012)

NSH (based on Lichtenthaler measure)

Tranekjer and Knudsen (2012)

Ou

tbound Ol

Importance Monetary and Strategic
Drivers (of Outbound OI) (product-
oriented, technology-oriented, and mixed
strategic drivers)

Lichtenthaler, (2007c), Lichtenthaler and Ernst
(2007)
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ETC revenues (Intra-industry/ inter-
industry ETC+ Evolution ETC revenues)

Lichtenthaler and Ernst (2007)

Product/process technologies ETC

Lichtenthaler and Ernst (2007)

3 types of Organization concerning ETC:
structural organization (the number of
dedicated employees (for ETC) deliberate
learning (dedicated licensing employees-
proxy)

hybrid organization (whether the
technology portfolio is regularly checked
for licensing opportunities, whether
particular resources are employed,
whether different employees collaborate
to identify technology transfer
opportunities)

Informal organization (whether, in
addition to dedicated employees, a large
number of persons try to identify
technology commercialization
opportunities)

Lichtenthaler and Ernst (2007), Lichtenthaler and
Ernst (2008), Lichtenthaler and Muethel (2012)

Approaches on ETC: Formalized
approach, Aligned approach, Closed

approach, Proactive approach, Reactive
approach, Systematic process

Lichtenthaler and Ernst (2007)

Experiential learning (firm’s prior
licensing experience)

Lichtenthaler and Muethel (2012)

NIH (mirror of NSH)

Tranekjer and Knudsen (2012)

Commercialization sources (competitors,
national network)

van Hemert et al., (2013)

Coupled Ol

Interaction level: Formal & informal
channels collaborating/competing firms

Haussler, (2010)

Collaboration

Firm’s OI policy (vis-a" -vis different
partners)

Asakawa et al., (2010); Lassala et al. (2013);
Scott and Chaston (2013)

Networking (number of collaborations,
participating networks/communities);

network position strength/power
(distribution)

Belussi et al., (2010), Hwang et al., (2009), Stam,
(2009), Pullen et al., (2012), Rampersad et al.,
(2009)

Types of relations by kinds of partners,
by geography /horizontal (outside the
value chain)_and vertical technology
collaboration / the most important partner
(supplier or customer)

Belussi et al., (2008), Parida et al., (2012),
Tranekjer and Sgndergaard (2013); Wynarczyk
(2013)

R&D efficiency (in the Network context):
productivity of collaboration, time spent,
delight from the network performance)

Rampersad et al., (2009)

Open innovation practices: - joint
activities (technology/product
development; manufacturing;
commercialization)

Theyel, (2013); Wynarczyk (2013)

Extend of compatibility in cooperation:
knowledge redundancy (vs) resource
complementarity; relational

Rampersad et al., (2009), Tranekjer and
Sgndergaard (2013), Pullen et al., (2012),
Tranekjer and Knudsen (2012)
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embeddedness; Mutuality in exchange
goal complementarity; Previous
experience (in cooperation) Coordination,
Harmony, trust, Communication
efficiency (subjective indicators)

Internal R&D (and management)

R&D intensity: 1) R&D expenditure — Belussi et al., (2010), Lichtenthaler, (2008b),
log/the share of R&D exp. in total sales 2) | Tranekjer and Knudsen (2012), Stam, (2009);
R&D employees as a share of the total (Doloreux and Lord-Tarte, 2013); Simeth and
number of employees Raffo [dependent var] (2013)

Closed exploration, (internal exploration Clausen et al., (2013), Parida et al., (2012)
activities) -moderato variable (scale of
activities over which learning costs [and
efforts] can be spread)

Closed exploitation Clausen et al., (2013)

Double loop learning scale (Sadler-Smith | Chaston and Scott (2012)
and Badger, 1998)

Core developer weight (HR: Number of Hwang et al., (2009)
core developers/total number of
developers)

Emphasis on radical innovation Lichtenthaler, (2008b); Lassala et al. (2013)
Product diversification Lichtenthaler, (2008b)

Technological diversification Lichtenthaler, (2008b)

Innovation capabilities (new van Hemert et al., (2013), Tranekjer and Knudsen

product/services/process) & Innovative (2012); Xiaobao et al. (2013)
performance (proportion of turnover from
products fully developed or substantially
improved within the last three years)

Internal collaboration 1) Integration Grote et al., (2012), Frishammar et al., (2013);
mechanisms 2) Reward system Lassala et al. (2013)

orientation (for cross-divisional
collaborations) 3) Cross-divisional
collaboration in the early stages of
innovation Knowledge integration (1)
domain-specific knowledge integration,
2) procedural knowledge integration, 3)
general knowledge integration)

Other
Entrepreneurship scale (Covin and Slevin, | Chaston and Scott (2012)
1998)
Market structure (The three highest Hwang et al., (2009); Xia (2013)
ranking companies’concentration ratios)
Company age Hwang et al., (2009), Tranekjer and Knudsen
(2012); Xia (2013)
Company size (number of employees) Hwang et al., (2009); Xia (2013)

Internal/External obstacles to innovation Idrissia et al., (2012); Xiaobao et al. (2013)
(Lack of HR, IT/ Lack of cooperation
with different types of partners)

Proximity of clients and suppliers (local Idrissia et al., (2012); (Doloreux and Lord-Tarte,

and global) 2013)

Industry Lichtenthaler, (2008b)

Country Lichtenthaler, (2008b)

Revenues Lichtenthaler, (2008b), Lichtenthaler and Ernst
(2007)
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Operating margins

Lichtenthaler, (2008b), Lichtenthaler and Ernst
(2007)

International diversification

Lichtenthaler, (2008b)

Existence of CV unit

Lichtenthaler, (2008b)

Ol (16 Ol practices) (suitable for every
category)

Tranekjer and Knudsen (2012)

Number of projects

Tranekjer and Knudsen (2012)

Indicators (dependent variables) Author (s)
Inbound OI

absorptive capacity, Breadth and Depth, Belussi et al., (2008), Idrissia et al., (2012),
Open innovation sum (extent of external Lichtenthaler, (2008b), (Doloreux and Lord-
technology acquisition and exploitation) Tarte, 2013); Huang et al. (2013); Xia (2013)
time-to market (speed with which Perols et al., (2013), Tranekjer and Sgndergaard
organizations introduce product (2013)
innovations)
project cost and market performance Tranekjer and Sgndergaard (2013)

Outbound Ol

Technology commercialization
intelligence/ sensing capacity (the
proficiency of a firm’s activities to
observe the environment and to identify
technology commercialization
opportunities and potential technology
customers)& seizing capacity (whether
the transfer activities are organized well)

Frishammar et al., (2013), Lichtenthaler and
Muethel (2012); Huang et al. (2013)

Technology commercialization
performance (perceptual
measure)Licensing Revenues + Relative
Licensing Performance (in comparison to
competitors) Innovation performance
(percentage increase in profit sales due to
new or improved products, services or
processes)

Frishammar et al., (2013), Lichtenthaler,
(2007c), Lichtenthaler and Ernst (2008), van
Hemert et al., (2013); Huang et al. (2013);
Xiaobao et al. (2013)

transforming capacity (firm’s activities of
renewing and flexibly aligning its
licensing processes over time)

Lichtenthaler and Muethel (2012)

provider (who the provider firms are, and
how they participate in other firms’ NPD)

Tranekjer and Knudsen (2012)

Q

oupled Ol

information flow regulation: 1) Non-
competition clause; 2) Channels of
communication are regulated; 3) Unit or
management function for keeping
knowledge in-house

Haussler, (2010)

Collaboration

Open innovation product

Lichtenthaler, (2008b)

Intermediaries (also used as a moderator
variable)

Lichtenthaler and Ernst (2008)

Network effectiveness (subjective
measure)

Rampersad et al., (2009)

Impact of joint innovation on corporate
success (reflective)

Grote et al., (2012)

Joint patents

Frankort (2013)
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Internal R&D

R&D performance: including separate
contribution to R and to D

Asakawa et al., (2010); Salge et al. (2013)

Number of patents owned by the firm

Belussi et al., (2010); Simeth and Raffo
[independent var] (2013)

Technological innovation outcome
(incremental/radical, product/process)
(the number of new products introduced)

Chiang and Hung (2010), Clausen et al., (2013),
Hwang et al., (2009), Parida et al., (2012),
Theyel, (2013), Stam, (2009); Cheng and Chen,
(2013)

Degree of product novelty

Tranekjer and Sgndergaard (2013)

Other

Organizational/financial performance
(average sales growth)

Chaston and Scott (2012), Stam, (2009); Hung,
and Chou (2013); Lassala et al. (2013); Scott
and Chaston (2013)

Resources: technological, marketing

Clausen et al., (2013)

Innovation performance (whether the
product development objectives were

achieved (Atuahene-Gima et al., 2005))

Pullen et al., (2012)

Scientific openness (number of scientific

publications)

Simeth and Raffo (2013)
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ABSTRACT

Based on a survey of 454 Europe-based companies, we explore the differences in
implementation of open innovation (Ol) activities and organizational level capabilities of
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results indicate that difference between the intensity of OI activities’ adoption can be clearly
recognized in case of extreme groups’ comparison (e.g. experienced adopters vs. non-adopters)
only. Moreover, our results show that the true difference between companies lay in
establishment of particular organizational practices and supporting mechanisms to foster
knowledge inflows and outflows, discovering external and unlocking internal paths to markets.
Thus, this study contributes to the ongoing research on the process of open innovation
implementation and its supporting mechanisms.
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Where lies the difference between open innovation adopters and non-adopters?
Introduction

Nowadays more and more companies recognise the benefits, that open innovation (OI) can
bring to their innovation strategy (Appleyard and Chesbrough, 2016; Whittington, et al. 2011).
Numerous examples of companies show how firms use Ol to respond to innovation challenges
(Chesbrough and Brunswicker 2014; Di Minin, et al. 2010; Dodgson, et al. 2006; Mortara and
Minshall, 2014). However, some conceptual ambiguity on the definition of open innovation
(and how to define companies adopting Ol from those who do not) can still be observed
(Dahlander and Gann 2010, Huizingh, 2011). We suspect the benefits of knowledge inflows
and outflows only prevail when open innovation is embedded in a firm’s innovation strategy
or (and) internal corporate activities and organizational practices. Many studies indicate that
implementation of open innovation needs to be in line with the changes in the entire
organizational processes, for example by establishing structures and coping mechanisms
(Chiaroni et al, 2010, Dahlander and Gann 2010; Gassmann, et al. 2010; Enkel et al, 2011,
Lakhani, et al. 2013, Mortara and Minchal, 2011). Chiaroni and colleagues (2010) explains the
open innovation implementation as a dynamic process linking it with change management
literature, that includes three phases: unfreezing (establishing a logic and sense of urgency for
change towards OI), moving (change implementation) and institutionalizing (establishing the
new order).

By defining open innovation as a strategic process, we make assumptions on organisational
resources and capabilities required for implementing open innovation. First, according to
Lichtenthaler and Lichtenthaler (2009) firms use their organizational capabilities to manage
open innovation environment. Next, following the capability based-view (Eisenhardt and
Martin, 2000) and organizational learning theory (Grant, 1996), we assume that the
organizational capabilities play a fundamental role in creating a sustainable competitive
advantage, which results in superior performance and aid in successful implementation of open
innovation. In support of this assumption, Mengus and Auh (2010) argue that unless companies
build organizational capabilities, their innovation performance may be at risk. Thus, firms
intending to implement an open innovation strategy require specific organizational capabilities
being developed (Ketchen, Hult and Slater, 2007). We assume that the organizational
capabilities existing in the firms can contribute to enhancing innovation performance at the
different stages of open innovation implementation (Enkel, et al. 2011). As organisational
capabilities are assumed important for innovation, this study explores the specific innovation
capabilities that foster open innovation in parallel with studying practices perceived as open
innovation activities in the academic literature (Chesbrough and Brunswicker, 2013). In this
paper, we aim to compare the companies according to their self-assessed stage of open
innovation adoption and to study the differences in (open) innovation activities and
organisational capabilities between companies at the different stages of Ol adoption. Hence,
our research question is: What are the differences and similarities between companies who
claim to be on different stage of open innovation adoption (also non-adopting OI)? To answer
this question, we compare the companies based on: 1) intensity of adoption of activities
associated with Ol: 2) organizational-level capabilities.



The following section presents the literature on open innovation and organizational-level
capabilities with associated organizational practices. Next, we describe the research design,
followed by an overview of the survey results. Finally, the last section discusses the
contribution of this paper, limitations and suggestion for future research.

Literature review

In the recent years, there can be observed a rapid increase of companies adopting open
innovation. Following the definition of 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 each organization’s business model”
(Chesbrough and Bogers, 2014, p.27), companies may adopt various inbound and outbound
open innovation activities. For example, searching for external ideas and collaborating with
external partners supplements company’ internal R&D (Baglieri and Zamboni, 2005), creates
added-value from relationship with partners (Chesbrough et al, 2014; Walter et al., 2001; Smith
and Blanck, 2002). According to many scholars (e.g. Chesbrough and Brunswicker 2013;
Chiaroni, et al. 2010; Di Minin, et al. 2010,) implementation of open innovation is a strategic
process that should include establishing certain processes to manage these external
collaborations and to collect ideas from external sources (for example, P&G’s Connect and
Development, Fiat’s research center, GE’s ecomagination and Open NASA). These
mechanisms could also be physical infrastructures such as the Eindhoven Science Park, Xerox
PARC, and Techshops (Chesbrough, 2003). Also, some companies prefer hiring innovation
intermediaries such as NineSigma or InnoCentive (Jeppesen and Lakhani 2010; Lopez-Vega,
et al. 2016), using virtual platforms for crowdsourcing i.e. TopCoder or a mix of the two such
as co-creation or hackatons (Lakhani, et al. 2013). They are all associated with inbound open
innovation.

While these activities facilitate the connection of internal technology needs with external
innovation opportunities, companies also need internal managerial processes to cope with the
identification of internal innovation needs, search and select for external partners and integrate
solutions (Enkel, et al. 2011; Salter, et al. 2014). Searching for co-creation of innovation
externally, companies cooperate with different partners: customers (von Hippel, 1988),
suppliers (Schiele, 2010), research organizations (Gemunden et al., 1996) and even competitors
(Clark and Fujimoto, 1991). Thus, lead users, suppliers, or universities can be identified as the
key sources for external innovation (von Hippel, 1988). Companies, adopting open innovation,
use different channels (technology providers, suppliers, customers, research organisations,
universities), while searching for external knowledge and innovation opportunities (Laursen
and Salter, 2006).

The selection of a preferable partner depends on the objective of the collaboration, i.e. problem
driven or strategic projects. For example, when an organization seeks to solve a specific
technical problem, it uses its own open innovation platform to crowdsource its need. However,
when it seeks to create a radical innovation, it decides to use a hackathon or co-creation method.
As suggested by Malhotra and Majchrzak (2014), problem formulation is a key success factor
of knowledge integration in crowdsourcing. Miotti and Sachwald (2003) proposed a framework



for predicting the efficiency of innovation cooperation with different partners, addressing also
the partner selection problem.

As identified earlier, for establishing open innovation processes, companies need internal
mechanisms and tools, powered by the abilities of organisation to search for knowledge
externally, and to integrate and disseminate it internally. In other words, companies need
established organisational capabilities to handle these processes. Regardless the level of
openness, companies need to possess certain organizational capabilities to manage knowledge
in- and outflows and to develop skills to support internal infrastructure and cross-functional
coordination, assisting the innovation integration and dissemination (Cohen and Levinthal,
1990; Grant, 1996).

Organizational capabilities and managerial levers

There exist several theories on capabilities that scholars link with open innovation. One of the
most cited (e.g. Lichtenthaler and Lichtenthaler, 2009; Cheng and Chen, 2013) is dynamic
capability, defined by Teece et al (1997, p. 516) as “the ability to integrate, build, and
reconfigure internal and external competences to address rapidly changing environments.
Lichtenthaler and Lichtenthaler (2009) investigate knowledge capabilities that are required for
internal and external knowledge exploration, exploitation and retention as well as interactions
among them. Drawing on the capability maturity framework, Habicht and colleagues (2012)
propose Ol-specific competence management framework that focuses on project- and
individual-level capabilities. Absorptive capacity (Cohen and Levinthal, 1990) allows
scanning, judging and incorporating external knowledge. In open innovation literature, this
capacity is considered as critical for recognizing the opportunities and constrains of external
knowledge in respect to company’s own resources (e.g. Chesbrough, 2003; Dodgson et al,
2006; Spithoven et al., 2011; West and Gallaher, 2006).

Innovation capabilities, as defined by Lawson and Samson (2001, p. 384), are the abilities “to
continuously transform knowledge and ideas into new products, processes and systems for the
benefit of the firm and its stakeholders”. According to Ritala and colleagues (2009) the research
on organizational level capabilities takes its roots from evolutionary economics and the
resource-based theory. Organizational capabilities, as defined by Grant (1996, p.377) are firm's
abilities “to perform repeatedly a productive task which relates either directly or indirectly to
a firm's capacity for creating value through effecting the transformation of inputs into outputs”
and require integration of specialized knowledge across different employees. Hafkesbrink and
Schroll (2010) gave another insight on capabilities or competences. They combine different
competences and technological capabilities to capture the dynamic status of the organization
and group them into three dimensions: organizational readiness, collaborative capability and
absorptive capacity. These three dimensions describe organizational antecedents to enhance
the successful open innovation process and are defined by authors as “organizational
competences for open innovation” (Hafkesbrink and Schroll, 2010, p.32).

In this paper, we will link different streams of literature with respect to organizational level
capabilities and organizational practices, which are considered important for companies



deciding to implement open innovation (Chiaroni et al 2011; Ketchen at al., 2007). We describe
them below as they form a foundation for the survey questionnaire on open innovation
capabilities, which has been used in this study.

Organizational-level capabilities called to support open innovation

According to Gold and colleagues (2001), organization structure plays an important role as
unfavorable structure may inhibit knowledge sharing and collaboration across organization.
For example, O-Dell and Grayson (1998) argues that structures that encourage individualistic
behaviour by providing rewards for ‘hoarding’ information prevent effective organizational
knowledge sharing and management. Likewise, the study of Nisar and colleagues (2016) and
Chiaroni et al (2010) emphasize that special organizational structures and organizational
boundaries are needed to successfully facilitate the knowledge in and out flows.

Companies should also include the use of proper rewarding systems to support the knowledge
transfer and introduction of the new paradigm (Chesbrough 2003, Huizingh 2011; West and
Gallagher, 2006). Findings of Fu (2012) suggest that incentives (short-term and long-term)
have positive effects on the innovation efficiency. Moreover, by properly incentivising
employees’ efforts and utilising external talents and their ideas, the innovation efficiency can
be further increased. Apart from motivating employees to engage in open innovation activities,
a company needs to properly set incentives, promote strategic decisions, greater collaboration
and team working. At the same time, such activities may easily jeopardise the cooperative
creativity, learning and internal technology transfer, if they are wrongly focused (Teece and
Pisano, 1994).

In addition, many authors (e.g. Sakkab, 2002; Gassmann and von Zedtwitz, 2003; Dodgson et
al., 2006) emphasize the adoption of knowledge management systems aiming at fostering the
diffusion, sharing and knowledge transfer. Furthermore, authors stress the role of top
management to promote open innovation (Chesbrough and Brunswicker, 2014; Chiaroni et al
2011; Mortara et al 2011; van de Meer, 2007). The high level of commitment from managers,
especially from the top management team, is also acknowledged from the perspective of
dynamic capability theory scholars (e.g. Harreld et al., 2007; Teece, 2007; Zahra et al., 2006).

The research has shown that organizational inertia and structural rigidities inhibit the transfer
and use of outside knowledge at the organizational level (Lane et al., 2006). However,
according to many scholars knowledge, is in fact, transferred, absorbed, and put into practice
at the individual level (Lichtenthaler, 2011; Reagans and McEvily, 2003; Rogan and Mors,
2014). Hence, as pointed out by Chesbrough et al (2006) attitudes can constitute an important
micro-foundation of major obstacles to the development of organizational capabilities at the
firm level. For example, the so-called the Not-Invented-Here (NIH) syndrome (Katz and Allen,
1982) is one of the most cited concepts in the literature on knowledge transfer (Antons and
Piller, 2015) and stresses that generally, individuals have negative attitude toward knowledge,
ideas and technologies which originates from the outside of the company (de Araujo Burcharth
et al., 2014; Laursen and Salter, 2006). Antos and Piller (2015) in their recent study, analysed
647 publications referring to NIH, and found that scholars list many different antecedents. They



include e.g. established routines (Kathoefer and Leker, 2012; Katz and Allen, 1982), the human
tendency to strive for security and stability (Kathoefer and Leker, 2012), wrongly balanced
incentive systems, culture (Dabrowska and Savitskaya, 2014), resistance to change (Antos and
Piller, 2015). Consequently, NIH may lead to project failures (Herzog and Leker, 2010;
Kathoefer and Leker, 2012), decrease firm’s performance (Katz and Allen, 1982), wrong
evaluation of external ideas and technologies (Antos and Piller, 2015; de Araujo Burcharth et
al., 2014; Kathoeferand and Leker, 2012) and organizational failure in implementation of open
innovation. On the other hand, individuals may be affected by the Not-Sold-Here (NSH)
syndrome that relates to protectionisms and reluctance towards external knowledge
exploitation (Lichtenthaler et al., 2010). The empirical study of de Araujo Burcharth and
colleagues (2014) finds that the level of Not-Invented-Here and Not-Sold-Here attitudes,
negatively effects the extent of use of inbound and outbound open innovation practices,
respectively. Moreover, they emphasize the need of specific type of professional training
programs to ease the effect of these syndromes.

In addition, the recent study of Lazarotti and colleagues (2017) mentions the importance of
internal social context to facilitate open innovation. Burcharth, Knudsen, and Sgndergaard
(2013) identifies a set of internal management mechanisms related to providing autonomy,
empowerment, and freedom to employees that are important links between open innovation
practices and company’s innovation performance.

Research Design
The data

This submission uses the data of the survey conducted in 38 countries in 2014-2015 among
managers representing companies operating in Europe. The survey was based on the self-
administered online questionnaire. The original questionnaire was created in English. In order
to increase the response rate, the respondents were offered an option to fill the questionnaire in
12 other European languages. The survey was distributed though Webropol. The targeted
survey respondents were innovation, R&D, HR or generally top managers. The primary
objective of the survey accomplished as the part of the large-scale European project was
identification of skills required for open innovation specialists. Therefore, there was a need to
include HR managers in the targeted group of respondents. However, in this paper we focus on
firm-level data and do not discuss individual skills and abilities of Ol specialists.

To collect the data we applied stratified sampling strategy selecting 5-10 top industries
contributing to country GDP. The overall sample size is 525 companies. After removing
incomplete questionnaires and questionnaires filled by universities and public organizations,
which do not belong to the focus of this study the sample size decreased to 454 firms. The
sample contains firms of different sizes from 38 countries representing all European regions
(Northern, Southern, Eastern and Westen Europe).



Measures

In order to address the research objectives the following measures have been used. First, we
captured the company self-perception about their stage in open innovation implementation
process. Thus, we offered 6 alternatives consisting of Stage 1 “We are not adopting and not
planning to adopt open innovation” (23% of total sample); Stage 2 “We are not currently
adopting open innovation, but plan to implement Ol in the nearest future” (16%). Stage 3 “We
are in the early stages of implementing OI activities” (29%); Stage 4 “We are in the process of
refining OI activities and shaping programmes to help establish best practices in OI” (19%)
and Stage 5 “We are experienced adopters of Ol (processes, procedures, and best practices are
in place)” (13%). Stage 6 indicated those firms “who had OI activities, but decided to
discontinue them”. As for the Stage 6 only one company chose this alternative, therefore we
excluded it from the further analysis (the anonymity of the respondents does not allow for
further investigation of this interesting case). The respondents were asked to select the one
stage, which best describe their company . In order to ensure the common understanding of
“open innovation” term, the respondents were offered the “classical” definition of the concept
as written in Chesbrough (2003, p.43).

Second, to analyse the intensity of open innovation activities adoption we developed the list
consisting of 13 various activities traditionally considered in academia as open. The list is
based on Chesbrough and Brunswicker (2013) but was further elaborated and validated during
several experts workshops organized during the project activities. The respondents were asked
to evaluate the degree of each activity adoption with 8-point scale where 1 corresponds to “no,
we don’t (adopt)”, 2 to “very seldom” and 8 therefore denotes the very intensive adoption.

Third, we developed the list consisting of 15 statements indicating the specific organizational
capabilities. The capabilities we used originate from Hafkesbrink et al. (2010), but were
sufficiently elaborated and validated during several experts’ sessions and small-scale pilot
survey. The respondents were asked to report their degree of agreement with each specific
statement using 7-point scale (from 1-“strongly disagree” to 7-“strongly agree). Next, the
capabilities were grouped into two sections where one group captures practices to foster open
innovation on the organization level and the second addresses rather the general corporate
culture of openness and knowledge transfer.

To proceed with the analysis we implemented ANOVA with post-hoc tests. Specifically, we
adopted Welch’s ANOVA to decrease the risk of getting incorrect results due to issues with
the non-homogenous variances (Levene’s test was significant for certain variables) for post-
hoc comparisons Games-Howell test was used.

Results

Based on the five stages of self-assessed adoption of OI, we grouped the companies
accordingly: Ol non-adopters (Stage 1); Ol planners (Stage 2); Ol beginners (Stage 3); Ol
refiners (Stage 4); Ol experts (Stage 5). These groups were then analyzed based on the intensity
of adoption of activities associated with Ol and organizational-level capabilities.



Open Innovation activities

Figure 1 presents the results of the intensity of adoption of various activities between five
groups. In order to better illustrate the results, the inbound and outbound dimension was used
(see e.g. Gassman and Enkel, 2010, Brunswicker and Chesbrough, 2013 for details). Not
surprisingly, it can be noticed, that companies who identified themselves as experienced Ol
adopters (aka Ol experts) demonstrate the highest intensity of adoption of Ol activities
compared to other stages and especially to Ol non-adopters and Ol planners. The results are
confirmed by Welch’s ANOVA where all activities demonstrate significant (p<.01) difference
between the groups (Table 1). However, the results also indicate that firms neglecting to adopt
open innovation in fact, do adopt the majority of open innovation activities, only less
intensively. Moreover, Ol planners followed by Ol non-adopters, also adopt activities like
scanning for external ideas/technologies, collaboration with external partners, relatively high.
Interestingly, for customer co-creation in R&D projects and IP in-licensing Ol non-adopters
demonstrate even slightly higher intensity of adoption than Ol planners, although the difference
is not significant. At the same time, post-hoc tests revealed that for majority of Ol activities Ol
planners demonstrate similar level of adoption as Ol non-adopters (Games-Howel test for
differences between Ol adopters and Ol planners is not significant for 8 out of 13 activities,
see Table 1).

Overall, post-hoc comparisons revealed that although OI activities (either inbound or
outbound) can differentiate between Ol adopters and those who do not adopt Ol (non-adopters
and planners), the difference between various stages of Ol adopters (e.g. experienced adopters
vs. beginners) is not significant. The only exceptions are such activities as using external
networks and scanning for external ideas, for which the difference between Ol beginners and
Ol refiners is significant (Table 1).

Organizational-level capabilities

The most noticeable differences between Ol adopters, non-adopters and planners can be
observed when analysing the organizational capabilities. Welch’s ANOVA demonstrates
significant difference (p< .01) between groups for all capabilities (see Table 2).

One group of organizational capabilities focuses more on the corporate culture and knowledge
transfer (Figure 2). The patterns revealed from post-hoc comparison clearly differ from the



second group of capabilities (Table 2) aiming at organisational practices fostering open
innovation. Thus, although the differences between experienced Ol adopters and non-adopters
are still significant for all the capabilities, the differences between other stages of Ol adoption
(Ol refiners and Ol beginners) and Ol planners are not significant. Therefore, we can observe
two groups consisting of non-adopters on one side and various stages adopters on the other.
Noticeably, the group of adopters (including Ol planners) is relatively homogenous as the
differences between the most of capabilities are not significant for all pairs.

On average, the level of development of the first group of capabilities is higher than in the
second group of capabilities. The results indicate that neither Ol adopters, nor Ol planners are
affected by Non-Invented-Here syndrome (average scores for statement “Our employees have
positive attitudes towards applying ideas and technologies from outside the company” are
positive), including Ol non-adopters.

In addition, all Ol adopters report that their employees have positive attitudes towards sharing
ideas / technologies outside the companies (in other words, they are not affected by Not-sold-
here syndrome). On the contrary, non-adopters have negative attitudes towards having others
receiving and using their knowledge and technologies (the difference between groups is
significant at p< .01). The results show the clear difference between Ol adopters and Ol non-
adopters when referring to the opening borders to facilitate knowledge in- and outflows as well
as the cross-functional collaboration in knowledge sourcing and exchange (see Figure 2).

The second group of capabilities, representing what companies do to foster open innovation on
the organization level (Figure 3) consists of fostering Ol skills and bringing awareness on Ol
within the organization, providing education and training on OI, applying interactive
collaborative tools and methods, receiving support from top management, designing
rewarding system, having appropriate organizational structure to facilitate Ol. This set of
organisational procedures revealed the most significant differences between the analysed five
groups of companies. Ol experts have implemented corporate practices to foster Ol more
intensively than companies have at earlier stages of Ol adoption (Ol refiners and especially Ol
beginners). Multiple post-hoc comparisons revealed that differences between Ol experts and
other groups (except of Ol refiners) are significant (p<.01) for most of the cases, whereas
difference between Ol experts and Ol refiners is significant (p< .05) only for two capabilities:
fostering Ol skills and bringing awareness on Ol within the organization and designing
rewarding system (for Ol activities performed by employees). We can also differentiate



between earlier stages of Ol adoption (Ol beginners and Ol refiners) and Ol non-adopters,
whereas comparison with Ol planners gives mixed results (Table 2). Differences between Ol
refiners and Ol beginners are not significant. Therefore, Ol experts can be clearly distinguished
from other groups by (higher) level of capabilities fostering Ol (Figure 2).

Discussion and Conclusions

The objective of this paper was twofold. First, it compared how companies at the different
stage of Ol adoption implement various Ol-related activities. Second, it disentangled the
organizational capabilities that help to unlock the knowledge inflows and outflows, as well as
internal and external market paths. Results indicate that the intensity of adoption of Ol
activities between companies at various stages of Ol adoption follow the straightforward logic
for most of the activities: in general, Ol experts adopt Ol activities more intensively. However,
in some cases, different paths are observed. For example, the Ol experts do not differ from Ol
refiners and Ol beginners, in adoption of outbound Ol activities (e.g. no significant difference
in participation in industry standards; free revealing). Not surprisingly, the Ol non-adopters
and Ol planners demonstrate lower level of adoption, in general. However, there are certain
activities that Ol planners and Ol beginners adopt on similar level (e.g., scanning for external
ideas and selling unutilized technologies). Interestingly, for customer co-creation in R&D
projects and IP in-licensing Ol non-adopters demonstrate even slightly higher intensity of
adoption than Ol planners, although the difference is not significant.

Furthermore, results indicate that the real difference between the groups can be observed while
analysing the organizational capabilities and practices fostering Ol (e.g. providing education
and training, developing organizational structure and knowledge management systems, support
of top management). Furthermore, some variation is also captured when analysing the
capabilities related to corporate culture and knowledge transfer (e.g. attitudes related to NIH
and NSH, easy acceptance of new external ideas; failure-tolerance mentality). Hence, it may
be argued, that the real difference between Ol adopters of the different stage, Ol planners and
non-adopters lay in the establishing purposive organizational practices, processes and
supporting mechanisms to foster knowledge in and out flows, within and outside of the
company boundaries. For example, the results indicate that Ol planners, aiming at starting the
adopting Ol, have reached a certain level of organizational readiness when referred to
knowledge transfer and organizational culture (Figure 2), and the level of some capabilities is
higher than in case of Ol beginners. However, Ol planers still have not developed supporting
mechanisms like rewarding systems, education and training programs to foster Ol (Enkel, et
al. 2011) .

We expect that this research will contribute to further understanding of how open innovation
is managed and organized. This paper contributes to the current conceptual developments



related to open innovation strategy (Chesbrough and Appleyard 2007; Whittington, et al.
2011). Our results reveal that implementation of open innovation activities also occurs in firms
that do not acknowledge the use of open innovation. Following the findings of this paper, we
suggest that firms intending to implement an open innovation strategy also need specific
organizational capabilities. These should align them to a firm’s innovation strategy and other
internal organisational practices (Ketchen, et al., 2007).

While numerous authors discussed the effect of the NIH syndrome in the implementation of
open innovation (van de Vrande, et al. 2009), our findings revealed that it does not play a
crucial role for either of the groups. This contradicts with the previous findings confirming the
negative effect of NIH in the implementation of open innovation. On the other hand, the clear
difference is seen with regard towards NSH syndrome. We suppose that it may be linked with
the need to establish proper organizational practices, procedures and supporting mechanisms
(e.g. knowledge management systems) — forming organizational capabilities as emphasized by
other scholars (Dahlander and Gann 2010; Gassmann, et al. 2010; Lakhani, et al. 2013).

We also see that further studies are needed to explore relationships between Ol adoption,
organizational capabilities development and actual organizational performance.

This paper directs attention towards the importance of developing proper organizational
practices and supporting mechanisms to foster Ol and calls for further research in this domain.
However, already now, one can raise the question on the importance of implementing such
mechanisms at the organizational level (e.g. rewarding systems, knowledge management
systems) for knowledge transfer within and outside company’s borders. Further research on
open innovation’ implementation calls for analysis at the different levels (Bogers et al., 2016)
- the exploration of skills and competences of managers implementing open innovation (as
suggested by Whittington et al., 2011); the influence of understudied NSH syndrome on
company’s innovation strategy; establishment of dynamic capabilities for open innovation
(Helfat, et al. 2007) or capabilities to build and orchestrate an ecosystem (Adner and Kapoor,
2010).
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Intensity of adoption of Open Innovation activities
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FIGURE 2

Organizational capabilities 1: corporate culture and knowledge transfer
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FIGURE 3.

Organizational Capabilities 2: what companies do to foster open innovation

Support from (top) management

Interactive collaboration tools and metho-

Open organizational structure .

w—

Rewarding employees for Ol initiativ

Il

osteriniOI skills
P

-2

Education and traini“

F
1,5 -1 -0,5 0 0,5 1 1,5

WOl experts WOlrefiners « Olbeginners Ol planners & Ol non-adopters



S/0'0 2€0'0 0000 000'T /700 000'0 G86'0 8v6'0 6T0'0 000'0 000'0 285'6T Sujjeanal 214
TSL'0 0£0'0 0000 886'0 920'0 000'0 000'T 686'0 9¥0'0 TO0'0 0000 TLT'6 uoljeziuepuels ul uoliedidiyed
082'0 866'0 9€2'0 1060 £66'0 SS0'0 850 rA4] 7.€'0 200'0 200'0 vov'y sa1g0|ouyda} pazi|ianun Sul||as
000'T £00'0 200'0 826'0 T00'0 TO0'0 726'0 GSG'0 T00'0 T00'0 000'0 160'0T 8uisuad||-ino d|
/T0'0 T66'0 0000 770'0 850'0 000'0 666'0 69T'0 2ST'0 000'0 0000 Zri'eT BUIDIXD 40} BulUUEedS
TEL'O 000'0 STO'0 £28'0 000'0 TO0'0 000'T T68'0 000'0 S00'0 000'0 152'0T @'y Ul Uo13eald-0d Jawoisn)
T68'0 900'0 0000 G96'0 780'0 200'0 262'0 SvS'0 T00'0 000'0 000'0 TLL'TT SuipInospmot)
siauled [BUIDIXD
T2T°0 0.2'0 0000 LLE'0 6000 0000 9ve'o 9000 0000 000'0 v26'2T Y3IM UOIBAGUUI SAIRIOGE]|0D)
T00°0 S9€°0 0000 171'0 6500 0000 2120 0000 000’0 19T'€2 suoiy}adwod dnyess 13 eap|
2LE'0 8810 T00'0 £20'0 T00°0 000°0 £€0°0 000°0 000°0 112'TT SHIoMmIau |eusdlxa uisn
5260 000°0 0000 000'T T00'0 0000 0000 0000 000’0 vT0'YT @13y Suonoesuodgng
9TE‘0 808°0 1000 000'T 828'0 LT0°0 520°0 0000 000’0 8LL'9 uolysinboe A3ojouyda} |eusaix3
598°0 %000 290'0 168°0 T00°0 ¥70°0 000°0 T00°0 000°0 600'6 8uISUad||-ul d|
sia1dope siauued siydope| sissuuiBaq| ssauueld |0 sia1dope 1899 10| stauueld |0 sso1dope So11s13e1S 130B UoleOAUU| UadO
-uou |Q SA JOSA|  -uou |O SsA 10 SA| SA SJ3ulyal 1O -uou |0 SA suadxa |O| SA sHadX3 |0 -uou |0
sisuueld || sssuuidaq |Q| sisuuidaq |O| SJauldI |0 SA SJdUlRL |0 SA spRdX3 |0
(jlomoH-sawen) uosiiedwod ajdi3nw 20y-150d VAONY S,Ud2[9M

sa1lIAIl0R UolreAouUl uadO

T3719vL




siauped
670'0 000'T 200'0 856'0 9660 L0'0 810 28L'0 v28'0 000'0 T00'0 vIT'S leusaixe yum Buneloge)od ul say abeiuerpe aamnadwod IO
S00INIBS pUE 'S3553001d ‘Sjonpoid
L26'0 866'0 0e8'0 vTE'0 SLE'0 S80°0 7960 STT'0 L9T'0 0g0'0 TT0'0 ZLE'e no ojul paresBalul s| aBpajmoLD| paurelqo Alreusaix3
saifojouyaa)
500'0 266'0 000'0 rs8'0 1660 2000 ovT'0 6750 EE 000'0 000'0 1£9'6 pue aBpajmou} no Buisn pue Buioa! saiedwod
1810 Buiney spremo) saprine aamsod aney saakojdwa INQ
Auedwoa ay) apisino woyy saibojouyos) pue seap)
L19'0 c29'0 0T0'0 000'T 820 £20'0 L€6'0 796'0 Ev7'0 800'0 5000 £.8'E Buifidde spremor sepminie annisod aney saakojdwa INO
Buoinos
6120 866'0 0v0'0 000'T 6660 220'0 0EL'0 999'0 779'0 ¥00'0 600'0 £25'E aBpamoun) rewsaixa ul saersiw Jo Augissod ayp 1dease am
SBUELoXa SBPaIMOLD| pUE BUIDIN0S
6.1'0 6v1'0 000'0 728'0 920°0 000°0 s2v'o £80'0 1000 0000 000'0 8EE'ZT Ajannoe are WensfRY|
uonesiuebio no
800'0 000'T T00'0 726'0 896°0 €T0'0 ve2'0 S67'0 8.2'0 0000 000'0 70T, Ul pajeulwassip pue paidadde A|ises are seap! [eulsixe MaN
N0-3PISUI LLIOJJ PUE UI-3PISIN0 WOl
T00'0 9v5'0 000’0 000'T 6020 000'0 evL'0 8820 8ET'0 000'0 000'0 TeS'LT Moy aBpaimoLy 1o} uado are Aueduod Ino jo s1apiog auL
19Jsueu) 98pajmoud| pue anyjnd a1esodiod Sunua: iqeded jeuonezjuediQ T dnoio
(sa01n0sa1 yBnous Buredolie Aq) saniAloe
v82'0 08v'0 100'0 0820 0600 000’0 €80'0 200'0 000'0 0000 000'0 6.9'7T uoeAouul uedo spoddns AjBuons uawebeuew (do)
uoneouul uado ayey|ioe)
L.€'0 2.0'0 000'0 €28'0 2T0'0 000'0 0600 €00'0 000'0 000'0 000'0 S8E'LT 0} SPOLIAW pUE S|00) UORIONE||0D dAndRIRIUI Aldde a
Spasu Ino 0} BuipI0aoe Uado aq
T15'0 828'0 9€0'0 0080 69€'0 €00°0 209'0 v20'0 220'0 000'0 000'0 226'9 01 paubisap si Auedwiod Ino ul a1monas feuonesiuebio ay L
Popiema) a1e saakojdwa 1o Aq SBIAIOR UoTeAOUU| UadO
ogz'o 220 0000 000'T 9vZ'0 000°'0 L70'0 ¥20'0 1000'0 000'0 000'0 V26'ET
uonesiuebio no
80€E'0 €£60'0 0000 TS0 600°0 000'0 200'0 000'0 1000'0 0000 000'0 L2v'9e UILIM PRIBISOJ DI SSaUBIEME PUE S|Ibis uoienouul uado
saakoidwa no
9810 628'0 9000 260'0 VE0'0 000'0 8010 T00'0 1000'0 000'0 000'0 629'vT 4o} uoeouu; uado uo Bujuren pue uogeanpa apinoid am
1123504 sanljiqeded |eueziuedio z dnoto
siaydope siauueld siaydope sJauuidaq siauueld siaydope| siaulyas |0 ssauuidaq |O| siauueld |0 siaydope Bi15| sansneis S311IAINOE UOIBOAUU| UBdQ
-uou |0 sA 10SA|  -uou |0 sA 10'5A 10SA|  -uou |O sA|sA sadxa |0 |sA spadXa |0 [sA sWadxa |0 -uou |0
ssauueld |0| sJouuiSaq |0| ssauuiSaq |O| SiaulRl [O| SIBulRl |O| SJaulRl |0 sA spadxa |0
(I9MOH-saWeD) UosEdWod S|dRINW 204-1504 VAONV 5. Po/9M.

saiujigedes feuoneziuebip

¢31d

V1




Publication IV

Teplov, R., Podmetina, D., Albats, E., & Dabrowska, J.
Open innovation and firm performance: Role of organizational
capabilities.

Reprinted with permission from
International Society for Professional Innovation Management (ISPIM)

Proceedings of the 28th International Society for Professional Innovation
Management Conference (Austria), Vienna, 18-21 June, 2017.






This paper was presented at The XXVIII ISPIM Innovation Conference — Composing the
Innovation Symphony, Austria, Vienna on 18-21 June 2017. The publication is available to ISPIM
members at www.ispim.org.

Open Innovation and firm performance: role of
organisational capabilities

Roman Teplov*

Lappeenranta University of Technology

School of Business and Management, P.O. Box 20, Lappeenranta
53851, Finland

E-mail: roman.teplov@Iut.fi

Daria Podmetina

Lappeenranta University of Technology

School of Business and Management, Kouvola Unit
Prikaatintie 9, FI-45100 Kouvola, Finland

E-mail daria.podmetina@Iut.fi

Ekaterina Albats

Lappeenranta University of Technology

School of Business and Management, Kouvola Unit
Prikaatintie 9, F1-45100 Kouvola, Finland

E-mail: ekaterina.albats@Iut.fi

Justyna Dabrowska

Lappeenranta University of Technology

School of Business and Management, Kouvola Unit
Prikaatintie 9, FI-45100 Kouvola, Finland

E-mail: justyna.dabrowska@Iut.fi

* Corresponding author

Abstract: Since the open innovation (Ol) concept was introduced, its positive
effect on company innovation performance has been commonly accepted by
innovation professionals. The resource-based view of the firm, along with the
dynamic capability perspective applied to the context of open innovation,
suggests that there is an interdependency between company capabilities,
activities, and, as a result, performance. In this paper, we particularly explore the
potential mediating and moderating roles of organisational capabilities in the
relationship between Ol adoption and performance. Analysing the data from 252
European companies, we found that although organisational capabilities do have
a positive influence on the intensity of Ol adoption, their mediating effect on
company innovation performance might occur through inbound activities, but
not through outbound or coupled ones. We discuss this and other insights
received from our study in relation to the existing literature, and propose
directions for further research.

Keywords: open innovation, activities, organisational capabilities, innovation
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1 Introduction

First introduced by Chesbrough (2003), the Open Innovation (Ol) concept was later 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, 2006, p. 1). These knowledge flows across organisational boundaries may
be classified as inbound and outbound (Chesbrough, et al., 2006), or outside-in and inside-
out (Gassmann and Enkel, 2004), respectively. The further work of Dahlander and Gann
(2010) suggests adding non-pecuniary and pecuniary dimensions when describing the Ol
activities. Chesbrough and Bogers (2014, p. 27), referring to these pecuniary and non-
pecuniary dimensions, link open innovation practices with an organisation’s business
model: “distributed innovation process based on purposively managed knowledge flows
across organizational boundaries, using pecuniary and non-pecuniary mechanisms in line
with each organization’s business model”. These “open” practices of “purposively
managed knowledge flows” have received considerable attention in the past ten years
(Chesbrough and Bogers, 2014), both in the business world and in the related academic
literature.

A certain consensus exists among researchers on what Ol actually is; for instance, the
work by Chesbrough and Brunswicker (2013) supplies us with a comprehensive list of
companies’ activities perceived as ‘open’ in the academic world. However, there is still a
gap between academia and business representatives in understanding what should be
counted as OI (Podmetina et al., 2016): what is ‘the bottle’ and what is ‘the wine’, and
whether any of those bring fresh insights to innovation management (Trott and Hartmann,
2009). Furthermore, the lack of agreement on the Ol definition leads to inconclusive
findings on the effect of Ol on firm performance. Some Ol literature suggests (Gassmann
& Enkel 2004; Huston & Sakkab 2006) that open innovation (1) reduces the costs of
innovation by enabling risk sharing between collaborating parties, and (2) provides access
to a wider external knowledge base and enables better adoption for customer needs.
Whereas a number of studies confirm this thinking by detecting a positive (or inverted U-
shape) effect of Ol on companies’ performance (Parida et al., 2012; Laursen & Salter,
2006), other researchers discover negative outcomes (Knudsen and Mortensen, 2011), or a
cost increase linked with companies implementing Ol practices (Faems et al., 2010).

These contradictory findings may be explained by adopting a resource-based view of
the firm (Wernerfelt, 1984; Barney, 1991), along with a dynamic capability perspective
(Teece et al., 1997). The external partnerships are called on to complement the company’s
internal capabilities (as in-house company resources), which can be leveraged for
competitive advantage (Collier et al., 2011). However, engaging in Ol activities demands
resources of its own. These resource are required to be able to absorb and disseminate
external knowledge (Cohen and Levinthal, 1990), to search for new partners, and to build
and manage relationships (Russell et al., 2016), which in turn must be built on trust and
require a degree of relational embeddedness (Uzzi, 1997). Therefore, we may assume that
to be able to leverage external partnerships to gain a benefit from them, and to source and
absorb external knowledge, a company needs to possess specific organisational capabilities
(OC) (Lichtenthaler and Lichtenthaler, 2009). Furthermore, companies tend to engage only
in those open innovation activities in which they or their partners have the required
capabilities. This observation has a significant empirical background, because Ol requires
changes in the company’s strategic orientation and consequent development of special



mechanisms and managerial practices, as well as capabilities for orchestrating Ol activities
(Chesbrough and Brunswicker, 2013). Therefore, in order to benefit from the adoption of
Ol activities, companies need to have specific organisational capabilities contributing to
the successful implementation of such activities. Consequently, in this study, we aim to
capitalise on previous research undertaken during a large international research project,
and test whether the linkage between specific organisational capabilities and open
innovation activities has an effect on company performance.

Therefore, our key research questions are as follows:

RQ1: How does the adoption of open innovation activities affect the linkage between
an organisation s internal capabilities and its performance?

RQ2: How do organisation-internal capabilities, in turn, affect the linkage between Ol
activities adoption and company performance?

In other words, we aim to explore the mediation effect of Ol activities on the link between
organisational capabilities and the performance and moderation effect that organisational
capabilities produce on the relationship between Ol activities and performance (see Figure
2).

The rest of the paper is structured as follows. We first share the findings from the
existing literature on organisational capabilities, their links with performance, and the role
of open innovation activities in them. We also explore the existing ways to measure each
of those characteristics of an organisation and propose a hypothesis for further tests. Then,
we describe the methodology of our research. We follow with a description of our findings
and discuss those in relation to the knowledge from existing literature. Finally, we conclude
with the key contributions made by our work and, given the limitations of this study, we
share our suggestions for future research.

2 Literature review

Performance measurement in open innovation research

The open innovation academic research tradition is based on the assumption that the
adoption of Ol is beneficial for a company’s performance: it reduces the costs by sharing
(Gassmann & Enkel 2004; Huston & Sakkab 2006), and has a positive effect on innovation
and financial performance (Laursen & Salter, 2006; Parida et al., 2012). However, the
negative outcomes (Knudsen and Mortensen, 2011) are also reported, as well as the cost
increase caused by Ol adoption (Faems et al., 2010). There are not enough empirical studies
to explain the reasons for the negative effect of Ol on company performance. However,
based on Laursen and Salter (2006), who found that the level of openness can reach a
certain limit, after which Ol starts to have a negative impact, we may assume a moderating
role of the level of company openness towards its performance. Furthermore, discussing
the positive outcomes of Ol, one needs to take into account the variety of measures of firm
performance applied in extant studies.

As the OI concept is still under development, the standard instruments for measuring
Ol-related characteristics are also under construction. That is why, so far, mainly existing
data sets (e.g. Community Innovation Survey (CIS) data) are applied in Ol research,
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accompanied by the challenge to adapt CIS measurement scales (developed for analysing
other problems) for Ol purposes. Particularly in the research based on the CIS data,
researchers measure innovation performance as innovation success (positive outcomes
from innovation activities, such as entry into new markets, increased market share, and
reduced unit labour costs) (Janeiro et al., 2013) or as NPD (as dummy, Temel et al., 2013;
Spithoven et al., 2013). Others measure innovation success (as sales of new to market
products) or degree of novelty (Laursen and Salter, 2006, Sofka and Grimpe, 2010,
Czarnitzki and Thorwarth, 2012, Ebersberger et al., 2012, Spithoven, 2013), or track
research intensity (natural log of the ratio of internal R&D expenditure over turnover)
(Spithoven, 2013). In other than CIS secondary data set analysis, innovation performance
is also measured as R&D output (NPD) (Teirlinck and Spithoven, 2013, Waguespack and
Fleming, 2009), innovative performance (share of innovative products/services in sales)
(Berchicci, 2012, Sandulli et al., 2012, Wagner, 2013, Roper et al., 2013, Wu et al., 2013),
firm performance (profit before tax) (Kaforous and Forsans, 2012, Wu et al., 2013), or
technical impact (patents, techno-commercial impacts achieved) (Nunez-Sanchez et al.,
2012, Wang et al., 2013).

However, to have a holistic view of the performance of the company, which exists in open
innovation reality, research may require more specific performance measures. In particular,
it calls for metrics reflecting the attitude towards change, the degree of product novelty,
and the intensity of Ol adoption. Thus, in the case of Ol studies using primary data, the
variety of performance measures is broader and better aligned with an open innovation
context. For instance, a number of researchers measure innovative performance (proportion
of turnover from products fully developed or substantially improved within the last three
years) (van Hemert et al., 2013, Tranekjer and Knudsen 2012; Xiaobao et al. 2013) and
R&D efficiency (in the network context): productivity of collaboration, time spent,
satisfaction with network performance (Rampersad et al., 2010).

Overall, examples of the performance measurements applied so far in (open) innovation-
related studies and discussed here could be grouped into seven categories (see Table 1).
Table 1 — Examples of measurements of company performance in Ol-related studies

Measurement Measurement description Authors

1. Time to market

2. Patent ownership

3. Technological
innovation outcome
(incremental/radical,
product/process)

4. Degree of product
novelty

5. Organisational/finan
cial performance

Speed with which
organisations introduce
product innovations

Number of patents owned by
the firm

The number of new products
introduced (in a certain period
of time)

New to the firm, new to the
market, new to the world

Average sales growth

Perols et al., (2013), Tranekjer and
Sgndergaard (2013)

Belussi et al., (2010); Simeth and
Raffo (2013)

Chiang and Hung (2010), Clausen et
al., (2013), Hwang et al., (2009),
Parida et al., (2012), Theyel, (2013),
Stam, (2009); Cheng and Chen,
(2013)

Tranekjer and Sgndergaard (2013)

Chaston and Scott (2012), Stam,
(2009); Hung, and Chou (2013);
Lassala et al. (2013); Scott and
Chaston (2013)
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Open innovation activities: defining, measuring, and tracking effects on
performance

Despite the fact that the open innovation paradigm is still being shaped — the debates on
open innovation definition and its novelty are still ongoing (Dahlander and Gann, 2010;
Trott and Hartmann, 2009) — there is a certain level of agreement in academia on what
organisational practices should count as ‘open’. In particular, the Open Innovation
Executive Survey (Chesbrough and Brunswicker, 2013) highlighted 17 activities perceived
as open innovation practices. Moreover, the study classifies those activities in terms of the
knowledge flow direction (inbound vs. outbound - Chesbrough, et al., 2006) and in terms
of financial flows being or not being involved (pecuniary vs. non-pecuniary activities -
Dahlander and Gann, 2010); see the full matrix in Figure 1. The same survey measures the
particular level of Ol adoption in large enterprises (LEs) using a 1-7 Likert scale of Ol
activity intensity, and the received results suggest that LEs tend to be more actively
involved in inbound open innovation activities rather than in outbound. For small and
medium-sized enterprises (SMEs), the study by van de Vrande et al. (2009) found that, at
least in terms of inbound Ol practices, SMEs tend to adopt and benefit more from non-
monetary activities such as networking, rather than from more formal transaction-based in-
licensing, which is more common for LEs. At the same time, SMEs tend to be engaged in
outbound practices more frequently than LEs, although identification of opportunities for
outbound Ol is more challenging for SMEs, as they lack resources (van de Vrande et al.,
2009; Brunswicker & van de Vrande, 2014; Cosh & Zhang, 2011). Overall, depending on
the innovation context, the motives differ for the adoption of a certain type of Ol strategy
such as outside-in (inbound), inside-out (outbound), or coupled Ol (Gassmann & Enkel,
2004, Chesbrough, & Crowther, 2006).

In spite of initial appreciation of the Ol concept, with a number of successful case
examples (described in, e.g., Chesbrough, 2003; Huston and Sakkab, 2006), empirical
research soon recognised the limitations and problems associated with the Ol concept. For
instance, Laursen and Salter (2006) found that a certain limit can be established, and after
this limit, an increase in company openness will not benefit the company and may,
conversely, even provide a negative impact on the company’s innovation performance. The
negative effect of engagement in Ol activities is reported by a number of authors (e.g.
Knudsen and Mortensen, 2011; Mazzola et al., 2012; Rosenbusch et al., 2011). Enkel and
colleagues (2009) also argue that too much openness may negatively affect companies’
long-term innovation performance, as it may lead to a loss of control and of the company’s
core competencies.

The commonly accepted way to measure Ol “breadth and depth”, introduced by
Laursen and Salter in 2006, does not enable the capture of the whole scope of activities
associated with Ol, as it is focused mainly on search intensity. In spite of numerous
variations of measures (Podmetina et al., 2014), surprisingly few researchers attempted to
elaborate the list of specific Ol activities (e.g. Chesbrough and Brunswicker, 2013;
Chesbrough, 2014).

Therefore, following existing research, we can expect that the effect of Ol on
performance may vary, depending on company size, industry, and degree of engagement
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in Ol (level of openness). However, the literature does not provide us with explicit
knowledge of the impact of the full scope of Ol activities on a firm’s performance, or on
the role of organisational capabilities and managerial practices characterising the level of
openness of Ol maturity in such relationships.

IP in-licensing (@)
c Customer & consumer
Contracted R&D services
i wowion O
Specialzed open
— innovation intemediaris @ crowdsoucng
. Publically funded

idea & start-up competitions @) R&D consortia
Supplier innovation awards @)

University research
[ J informal networking @

grants
Direction
Particpation
Joint-venture actities| @) @ i standardzation
public standards
spin-offs @)
Outbound
Corporate business incubation ) Donations to
@ commons
@ s5eiins mareetready o« norprofi
products
1P out-licensing @
Pecuniary Non-pecuniary

Financial flows

Figure 1. Open Innovation mode/activity classification (Chesbrough and Brunswicker,
2013)

Organisational capabilities: defining, measuring, and tracking effects on
performance

Following the resource-based view (Wernerfelt, 1984; Barney, 1991), we made
assumptions that companies possess resources and organisational capabilities necessary for
open innovation adoption (Ketchen, Hult and Slater, 2007) and managing an open
innovation environment (Lichtenthaler and Lichtenthaler, 2009). These capabilities are
also referred to as organisational competencies for open innovation (Hafkesbrink and
Schroll, 2010). Despite claiming that organisational capabilities can contribute to open
innovation adoption (Enkel, et al. 2011), the role of organisational capabilities, and their
effect on Ol activity adoption and performance, have not been properly investigated in the
Ol studies.

Organisational capability is defined by Grant (1996, p.377) as a organization's ability
“to perform repeatedly a productive task which relates either directly or indirectly to a
firm's capacity for creating value through effecting the transformation of inputs into



outputs”. A company’s capability to translate its resources and competencies into valuable
outcomes has proved to be critically important for successful innovation management,
especially in “rapidly changing environments” (the dynamic capability perspective - Teece
et al., 1997, p. 516). However, this capability, as a company-internal resource, is not only
dynamic, but it is also complex and consists of a number of internal competencies
(Hafkesbrink et al., 2010), which in turn could be continuously influenced and potentially
developed via external partnerships (Collier et al., 2011).

Thus, these internal competencies are closely linked with the external environment
unless the company is, on purpose, limiting this link and sticking with a closed innovation
strategy. If this is not the case, and the company perceives an open innovation approach,
then the three principal dimensions of the company’s open innovation capabilities, as per
Hafkesbrink et al. (2010), are organisational readiness, collaborative capabilities, and
absorptive capacities (see Table 2).

Table 2 — Organisational capabilities and managerial practices relevant for the Ol context (based
on Hafkesbrink et al., 2010; Cohen and Levinthal, 1990; Grant, 1996; Henderson and Clark, 1990)

Organisational readiness Collaborative capabilities Absorptive capacities

1. Culture of open company 9.  Active internal and 12. Absorbing and disseminating
borders external knowledge external ideas
2. Providing education and sourcing and 13. Externally obtained

training on Ol to employees

knowledge exchange

knowledge is integrated into

Fostering Ol skills and 10. Posm;e amtlut_ies y prod_ucts, processes, and
awareness within the tov(\j/ar T]ap:) y!ngfl eas Services
organisation z”t;zce [?]g gg:::)ar:om 14.  Ability to recognise the
utsi y -

Cultivating fault tolerance . . _compatlblllty of external and

) 11. Positive attitudes internal knowledge/
Dedicated reward systems towards having other technologies vs.
Allocation of sufficient companies receiving 15. Having sufficient knowledge

resources for Ol

Building an Ol-effective

and using internal
knowledge and

within the organisation

L2 technologies

organisational structure

8.  Supportive technological
enhancement (tools and
methods for Ol)

Organisational readiness, according to Hafkesbrink et al. (2010), implies first of all a
cultural openness — openness of the company borders towards knowledge flowing to and
from inside the company, and adoption of appropriate knowledge management systems
enabling knowledge diffusion (Gassmann and von Zedtwitz, 2003; Dodgson et al., 2006;
). One of the key enablers of this cultural openness is a high level of commitment from the
management side, and dedication of resources to nurturing such an internal capability
(Teece, 2007; Zahra et al., 2006). A dedicated reward system could be one of the
instruments for fostering an open innovation culture, as incentives have proved to have
positive effects on innovation performance (Fu, 2012). One of the principal enablers of a
company’s openness is organisational structure, which is required to facilitate knowledge
flows internally and beyond the company’s borders (Chiaroni et al., 2010).
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The company’s collaborative capabilities imply, first of all, smoothly organised
internal collaborations and knowledge flows within the company (Hafkesbrink et al.,
2010). At the same time, external collaboration capability is particularly important in the
open innovation context. In relation to particular inbound Ol practices, the so-called Not-
Invented-Here (NIH) syndrome (Katz and Allen, 1982) — a negative attitude towards
knowledge created externally (van de Vrande et al., 2009) — needs to be beaten. That would
support the company in innovation development in the age of a rapidly changing, dynamic
environment (Teece, 2007) by fostering a positive attitude towards external knowledge
being efficiently exploited internally. Another issue that could be faced, particularly in
respect of outbound Ol practices, is Not-Sold-Here (NSH) - resistance against the
exploitation of internal knowledge outside the company (Lichtenthaler et al., 2010), which
companies also need to overcome to increase their innovation performance.

Finally, absorptive capacities enable firms to acquire knowledge from outside the
company borders and assimilate it across the organizational units (Cohen and Levinthal,
1990). However, it is important, first, to recognise the value that external knowledge
brings. In particular, to maximise the performance of external and internal knowledge, the
complementarity between the two needs to be found — as it could happen that internal
knowledge is sufficient to achieve a competitive advantage. In such a case, the potential
value of opening this knowledge up (e.g. licensing it out) should be considered. Last, but
not least to mention is company’s ability to actually integrate the knowledge either
developed internally or externally into the final offering, which creates value for customers.
(Lawson and Samson, 2001).

Towards a holistic model: the role of Ol in capabilities—performance linkage

The development of a holistic model that would bring together (1) adoption of open
innovation activities (Figure 1), (2) organisational capabilities (Table 2), and (3) company
performance (Table 1) requires making particular assumptions on the linkages between
those three, and it also requires careful consideration of the limited development of the
entire Ol concept. Those assumptions follow below.

Assumptions:

e There is not yet a unified and widely accepted understanding of the way and
degree of relationship between open innovation adoption and company innovation
performance. There is evidence of Ol affecting performance and vice versa. In
this study, we analyse the effect of Ol adoption on performance.

e Based on the theoretical findings discussed in the literature review, we make an
assumption that companies possess or have to possess capabilities (competencies,
Table 2) in order to adopt Ol (activities, practices, Figure 1), which in turn has an
effect on performance. The limited organisational capabilities narrow the
selection of options of Ol activities that the company can successfully adopt, and
also the intensity of adoption of those activities. The company may develop its
organisational capabilities by investing in internal learning, hiring experts, or
finding a complementary capability from external partners or intermediaries. In
other words, we assume there are several types of organisational capabilities and
managerial practices affecting Ol adoption, which leverage human resource (HR)
practices, cross-functional collaboration, and knowledge sourcing, acquisition,



allocation, and dissemination. We also assume that organisational capabilities can
have a different effect on the inbound and outbound Ol practices, due to the
different nature of these processes, and we test this in our model.
The model for testing the relationship between organisational capabilities, Ol activities,
and performance is presented in Figure 2, followed by the developed hypotheses.

[ Ol activities } [ Controls }

Organlz.a_tl_onal Firm innovation
capabilities

perfromance

Figure 2 — Holistic model: the role of Ol in capabilities—performance

Hypothesis 1: Inbound Ol activities mediate the relationship between a) generic
organisational capabilities, b) Ol organisational capabilities, and c) internal knowledge and
company (innovation) performance (i.e. the success of new product/service development).
Hypothesis 1*: The indirect effect of a) generic OC, b) Ol OC, and c)internal knowledge
on company (innovation) performance (i.e. the success of new product/service
development) is contingent upon the level of a, b, and c (i.e. moderated mediation occurs).

Hypothesis 2: Outbound OI activities mediate the relationship between a) generic
organisational capabilities, b) Ol organisational capabilities, and c) internal knowledge and
company (innovation) performance (i.e. the success of new product/service development)
Hypothesis 2*: The indirect effect of a) generic OC, b) Ol OC, and c)internal knowledge
on company (innovation) performance (i.e. the success of new product/service
development) is contingent upon the level of a, b, and c (i.e. moderated mediation occurs).

Hypothesis 3: Ol activities mediate the relationship between a) generic organisational
capabilities, b) Ol organisational capabilities, and c) internal knowledge and company
(innovation) performance (i.e. the success of new product/service development).

Hypothesis 3*: The indirect effect of a) generic OC, b) Ol OC, and c)internal knowledge
on company (innovation) performance (i.e. the success of new product/service
development) is contingent upon the level of a, b, and c (i.e. moderated mediation occurs).

3 Methodology

Sampling and data collection
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The study is quantitative. The data were collected during 2014-2015 via a self-
administered online survey within large international project OlI-Net.! The original
questionnaire used was developed with reference to existing well-established
questionnaires (such as CIS) and after thorough analysis of the academic literature and
consulting reports. The validation was accomplished by means of several expert workshops
executed at the beginning of the project. Based on the experts’ feedback, the proposed
measures were revised and updated. The next stage was the pilot study, accomplished in
several countries (validation sample: 52 organizations from 24 countries targeted for a
further large-scale survey). The study resulted in further clarification of measures. Finally,
the revised and validated questionnaire was applied in a large-scale survey.

The target for the survey was European companies. The survey covers all European
regions (i.e. Northern, Southern, Eastern, and Western Europe). A stratified sampling was
applied: from each country we selected the 5-10 top industries by contribution to country
GDP. Next the companies in the selected industries were contacted by email and invited to
participate in an online Webropol survey. The cover letter sent to the companies included
an introduction to the project and survey aims. To avoid possible misunderstanding and
ensure common terminology, the “classical” definition of OI from Chesbrough (2003,
p.43) was also provided. The survey was originally developed in English, but was later
translated into 12 other languages to facilitate the data collection process. The objective of
the project was to elaborate the curricula for educating Open Innovation specialists, which
affected the choice of respondents. Thus, in addition to company top management (e.g. the
CEO) and innovation and R&D managers, HR specialists were also approached.

The data collection started in September 2014 and finished in June 2015. Overall, we
obtained 525 responses from 38 countries. The average response rate was about 10%. For
the purpose of the current study, we selected only private companies. After removing
incomplete questionnaires, the sample size was reduced to 252. The structure of the sample
is presented in Table 3

Table 3 — The sample structure

Firm size Large: 99 (39.3%); SME: 106 (42%); Micro: 47 (18.7%)

Industry High tech: 50 (19.8%); Low and medium tech: 202 (80.2%)

Notes: Total sample size, N=252

Operationalization of variables

In the following chapter, we explain the operationalization of measures applied in the
study. The full list of variables included can be found in the appendix.

Dependent variable. As a dependent variable, we applied the self-reported performance
evaluation. The respondents were asked to evaluate the change in various performance
indicators over the past three years using 5-point scale ranging from “decreased
significantly” to “increased significantly”. Although such subjective measures are often
criticised for the lack of reliability and validity, some authors (c.f. Dess and Robinson,

1 http://oi-net.eu/
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1984) have demonstrated that these measures in general correlate quite well with the actual
company performance.

In the survey, the respondents were offered several indicators aiming to capture various
aspects of company performance. However, due to relatively low internal consistency, we
did not create the summated scale for the performance and studied the individual indicators.
In particular, we focused on “Success of radically new or significantly improved products
and services development”. To proceed with the analysis, the original 5-point scale was
collapsed into a dummy variable, where 1 denotes performance improvement and 0
corresponds to the absence of positive change or a decrease in performance.

Explanatory variables. To test proposed moderating and mediating effects, two groups
of variables have been adopted.

Open Innovation activities. The list of 13 activities corresponding to Open Innovation
is based on Chesbrough and Brunswicker, (2013). The list of activities includes both
inbound and outbound activities. The companies were asked to evaluate the degree of
engagement using an 8-point Likert scale, where 1 corresponds to non-adoption and 8 to
very intensive adoption of specific activities. To proceed with the analysis, we created the
average measures of engagement in inbound and outbound activities, respectively.
Additionally, a variable representing coupled open innovation was also created. The
variable is the average of all 13 activities.

Organisational Capabilities.

To capture the various degrees of organisational capabilities, we elaborated the Likert
scale consisting of 15 statements (the respondents were asked to indicate the degree of
agreement with the statements using a 7-point scale ranging from “strongly disagree” to
“strongly agree”). The original list of statements was based on Hafkesbrink et al. (2010),
and was further revised and updated during the project expert panel workshops. The revised
lists were also tested during the pilot survey.

To organise the capabilities, we conducted exploratory factor analysis (principal
component analysis with Varimax rotation). The measures of sampling adequacy are
acceptable: KMO is high-0.923 and Bartlett’s test for sphericity is significant at p<0.001,
which indicates the appropriateness of the data for factor analysis. The number of factors
is based on eigenvalues (factor eigenvalue should exceed 1). The factor analysis explains
61.42% of the total variance and yields into three factors (Table 4).

Table 4 — Factor and reliability analysis for summated scales of organisational capabilities

Item Loading
Generic OC Ol OC Self sufficiency

New external ideas are easily accepted and
disseminated in our organisation

Our employees have positive attitudes towards
applying ideas and technologies from outside 0.716
the company

We accept the possibility of mistakes in
external knowledge sourcing

Our competitive advantage lies in collaborating
with external partners

Our employees have positive attitudes towards
other companies receiving and using our 0.632
knowledge and technologies

0.726

0.642

0.639
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The borders of our company are open for

knowledge flow from outside-in and from 0.625

inside-out

Relevant departments are actively participating

in knowledge sourcing and knowledge 0.596

exchange

Externally obtained knowledge is integrated

into our products, processes, and services

Open innovation skills and awareness are

fostered within our organisation

We provide education and training on open

innovation for our employees

Open innovation activities by our employees

are rewarded

(Top) management strongly supports open

innovation activities (by allocating enough 0.681

resources)

We apply interactive collaboration tools and

methods to facilitate open innovation

*The organisational structure in our company is

designed to be open according to our needs

We have sufficient knowledge in our

organisation to compete in our marketplace
Cronbach alpha 0.865 0.862 NA

0.594

0.812

0.775

0.727

0.674

0.509 0.585

0.926

Notes: Loadings lower than 0.5 are not shown
*Item excluded due to high simultaneous loadings on two factors

Factor 1 (Cronbach alpha 0.865) consists of 8 items representing corporate culture and
knowledge transfer, or so-called generic OC. Factor 2 (5 items, Cronbach alpha 0.862), on
the other hand, contains more specific capabilities fostering Open Innovation-Ol OC.
Distinctively, item 14 (“We have sufficient knowledge in our organisation to compete in
our marketplace™) loaded to the separate factor, self-sufficiency. This item differs from the
rest of the scale and represents rather the managerial perception of firm self-reliance rather
than knowledge transfer capability. Nevertheless, we decided to include this capability in
the study and estimate its effect in a separate model. Based on de facto loadings, three
summated measures were created: generic OC, Ol OC, and self-sufficiency.

Control variables.

In this study, we controlled for company size and the type the industry (high vs. low
tech).

Size. The respondents were asked to assign the represented firm to one of four groups,
based on the number of employees (see the appendix). For the study, objectives divided
companies into three groups: Large (more than 250 employees), SMEs (10-250
employees), and Micro (less than 10 employees). This classification corresponds to Euro
Commission guidelines®. Consequently, two dummy variables were created, for Large and
for SMEs.

High tech. The respondents were asked to indicate the industry in accordance with the
Global Industry Classification System (GICS)2 Next, following Kile and Phillips (2009),

1 http://ec.europa.eu/growth/smes/business-friendly-environment/sme-definition/index_en.htm
2 https://www.msci.com/gics
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we divided the industries in the sample into high versus low and medium tech, and created
the respective dummy variable.

The descriptive statistics and correlation matrix for study variables are presented in

Table 5. The correlation coefficients between the majority of independent variables are not
high, which suggests the absence of a multicollinearity problem.

Table 5 — Descriptive statistics and correlation matrix

##  Variable ~Mean SD 1 2 3 4 5 6 7 8 9 10

1 Performance 0.722 0.449 1

2 Inbound 4.199 1.413 0.254** 1

3 Outbound 3.117 1512 0.088 0.699** 1

4 Coupled  3.866 1.345 0.215** 0.969**0.854** 1

5 GenericOC 4.488 1.255 0.247** 0.568**0.357**0.537** 1

6 ol1oc 3.808 1.532 0.258** 0.569** 0.472**0.577** 0.697** 1

7 Self-sufficiency 5.060 1.634 0.077 0.090 0.087 0.095 0.251** 0.267** 1

8 Hightech 0.200 0.400 0.042 0.098 0.070 0.096 0.113 0.099 0.049 1

9 Large 0.393 0.489 -0.100 -0.007 0.082 0.023 -0.328**-0.125*-0.079-0.074 1

10 SME 0.420 0.495 0.152* -0.029 -0.018 -0.027 0.124* 0.083 0.136* 0.060 -0.685** 1

Notes: Total sample size, N=252
*p<0.05; **p<0.01. All reported significance levels are two-tailed

Test for common method bias

Our study is based on cross-sectional data in which both dependent and independent
variables are obtained from the same respondent, which makes it susceptible to common
method bias (see e.g. Podsakoff et al., 2012). To control for this, we applied Harman’s one
factor test. The conducted principal component factor analysis resulted in 8 factors with
eigenvalues greater than 1, and the variance explained by the first factor is 30.63%. The
high number of factors created and the relatively moderate share of variance accounted for
by a single factor suggest that bias due to common method is unlikely (cf. Podsakoff and
Organ, 1986). Additionally, inclusion in the model interaction terms should further lower
the risk of common method bias (Chang et al., 2010).

4. Data analysis and results

To test the proposed hypotheses, we implemented mediation analysis and moderated
mediation analysis. In other words, for each hypothesis, two models were tested: simple
mediation and moderated mediation. The analysis was accomplished by means of OLS and
logistic regressions. Binary logistic regression was adopted due to the nominal nature of
the dependent variable (innovation performance). The actual analysis was accomplished in
SPSS using the PROCESS! plug-in. To avoid possible problems with multicollinearity, the
variables used for the calculation of interaction terms were mean-centred. To estimate the
confidence intervals for indirect effect, a bootstrapping procedure has been applied. The
number of bootstrap samples was 2000. The analysis and result interpretation were
conducted in accordance with the recommendations by Hayes (2013).

1 http://www.processmacro.org/index.html
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Following the logic of formulated hypotheses, we group the models based on the types
of open innovation activities: inbound, outbound, and all Ol activities. The first group of
models concerns inbound activities. Model 1a demonstrates a significant and positive
indirect effect of generic organisational capabilities on performance through inbound
activities (p<0.05), but the moderating effect is not significant.

Therefore, Hypothesis 1a is supported, whereas Hypothesis 1*a is rejected.

Model 1b similarly shows a significant (p<0.05) indirect effect of Ol organisational
capabilities on performance through inbound activities, but in this case, we also have a
marginally significant (p<0.1) moderating effect. Ol organisational capabilities negatively
moderate the relationship between inbound activities and company performance. Thus, the
conditional indirect effect is present for low (1SD lower than the mean) and average values
of Ol organisational capabilities, but becomes non-significant for higher values. The direct
positive effect of Ol organisational capabilities on innovation performance is also present
(in the simple mediation model), although only marginally significant (p<0.1).

Therefore, Hypothesis 1b is supported, whereas Hypothesis 1*b receives only partial
support due to marginal significance figures.

Concerning model 1c, we found neither mediation nor moderated mediation effects,
although inbound activities also demonstrated a significant (p<0.05) positive impact on
performance.

Consequently, Hypotheses 1c and 1*c are rejected.

It is notable that, for all three models, SMEs demonstrated generally higher chances to
get into a group of companies with positive performance changes (although for models 1b
and 1c, the effect is only marginally significant, p<0.1) than for large or micro enterprises.
At the same time, in model 1b, large firms have a higher degree of activity adoption
compared to the other groups (p<0.05). The results of the first group of model tests are
summarised in Table 6.

Table 6 — Results of Hypotheses 1 and 1* (a, b, c) testing

Variables Model la Model 1b Model 1c
Test for direct effect of capabilities on activities; dependent variable: inbound activities

Constant -0.375** 0.009 0.081

Generic OC 0.717%**

0ol10C 0.528***

Self-sufficiency 0.080

Large 0.705 0.079 -0.134

SME 0.163 -0.173 -0.226

High tech 0.146 0.168 0.337

Model fit

F 33.672%** 31.040*** 1114

R? 0.362 0.332 0.020

Simple mediation (capabilities->activities->performance)

Constant -1.99%** -1.486*** -1.407**

Inbound 0.306** 0.301** 0.439%**

Generic OC 0.273*

ol1oc 0.236*

Self-sufficiency 0.050

Large 0.377 0.150 0.063
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SME 0.949** 0.821** 0.810*
High tech 0.021 0.021 0.045
Model fit
-2LL 271.072%** 270.255*** 273.830%**
RZ

e McFadden 0.090 0.092 0.080

e  Cox &Snell 0.100 0.103 0.091

. Nagelkerke 0.145 0.149 0.131

Moderated mediation (dependent variable: performance)

Constant 0.569 0.851** 0.696**
Inbound 0.308** 0.293** 0.448%**
Generic OC 0.251
ol1oc 0.199
Self-sufficiency 0.076
Inbound x Generic -0.030
Inbound x OI OC -0.120*
Inbound x Self-sufficiency 0.055
Large 0.343 0.092 0.070
SME 0.923** 0.765* 0.805*
High tech 0.020 0.035 0.025
Model fit
-2LL 270.944%** 267.361*** 273.075%**
RZ

e  McFadden 0.090 0.102 0.083

e  Cox &Snell 0.100 0.114 0.093

. Nagelkerke 0.146 0.164 0.135

Notes: *p<0.1; **p<0.05; ***p<0.01

The second group of models features outbound activities. We were not able to identify a
significant indirect effect of organisational capabilities on performance through outbound
activities in all three models (2a, 2b, and 2c).

Two groups of capabilities (generic and OI) positively influence the degree of outbound
activity adoption (p<0.05); however, in our models, we did not find a significant
relationship between outbound activities and performance. Consequently, we were not able
to find a significant moderated mediation effect (moderation effect of organisational
capabilities on the relationship between outbound activities and firm innovation
performance).

Therefore, we have to reject all of Hypothesis 2 (i.e. 2a, 2b, 2c, 2*a, 2*b, 2*c).

At the same time, in two models, the direct effect of generic and Ol organisational
capabilities on performance (models 2a and 2b, respectively) was significant and positive
(p<0.05). Similarly to the first group models, we can observe that large firms tend to have
a higher degree of activity adoption and SMEs have a higher probability of performance
improvement. The results of the second group of model tests are summarised in Table 7.

Table 7 — Results of Hypotheses 2 and 2* (a, b, c) testing

Variables Model 2a Model 2b Model 2¢
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Test for direct effect of capabilities on activities; dependent variable: outbound activities

Constant -0.634*** -0.356* -0.288
Generic OC 0.535%**
ol1oc 0.480***
Self-sufficiency 0.080
Large 1.039*** 0.604** 0.410
SME 0.473* 0.225 0.173
High tech 0.153 0.122 0.274
Model fit
F 12.719%** 18.357*** 1.353
R? 0.186 0.247 0.022
Simple mediation (capabilities->activities->performance)
Constant -1.818** -0.792 -0.071
Outbound -0.029 -0.071 0.136
Generic OC 0.504***
ol1oc 0.427%**
Self-sufficiency 0.067
Large 0.642 0.245 -0.023
SME 1.022** 0.801** 0.678*
High tech 0.070 0.066 0.151
Model fit
-2LL 276.215%** 275.218*** 288.889
RZ
e McFadden 0.072 0.076 0.030
e  Cox &Snell 0.082 0.076 0.035
. Nagelkerke 0.118 0.124 0.050
Moderated mediation (dependent variable: performance)
Constant 0.336 0.673** 0.682**
Outbound -0.032 -0.052 0.136
Generic OC 0.512***
ol1oc 0.416%**
Self-sufficiency 0.073
Outbound x Generic 0.0168
Outbound x Ol OC -0.058
Outbound x Self-sufficiency 0.025
Large 0.654 0.237 -0.008
SME 1.028** 0.808** 0.684*
High tech 0.064 0.098 0.143
Model fit
-2LL 276.180*** 274.560%** 288.713
RZ
e McFadden 0.073 0.078 0.031
e  Cox &Snell 0.082 0.088 0.035
. Nagelkerke 0.119 0.127 0.051

Notes: *p<0.1; **p<0.05; ***p<0.01
The third group of models demonstrated behaviour similar to the second group. Thus, in
spite of a positive and significant (p<0.05) impact of generic organisational capabilities
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(only generic and Ol for models 3a and 3b, respectively) on the degree of activity adoption,
neither an indirect effect (i.e. mediation) nor a conditional indirect (i.e. moderation) effect
were significant. Model 3c, on the other hand, has neither significant indirect, nor direct
effects.

Therefore, we again have to reject the hypotheses about both mediation (Hypotheses
3a, 3b, 3c) and moderation (3*a, 3*b, 3*c).

Model 3a also demonstrates the same pattern, with large companies having a higher
degree of activity adoption and SMEs having a higher chance to report improved
innovation performance. The results of the third group of model tests are summarised in
Table 8.

Table 8 — Results of Hypotheses 3 and 3* (a, b, c) testing

Variables Model 3a Model 3b Model 3¢

Test for direct effect of capabilities on activities; dependent variable: coupled activities

Constant -0.454** -0.104 -0.033
Generic OC 0.661***
o1 0C 0.514***
Self-sufficiency 0.080
Large 0.808*** 0.240 0.034
SME 0.258 -0.051 -0.103
High tech 0.143 0.153 0.317
Model fit
F 30.900%*** 32.791%** 1.096
R? 0.339 0.344 0.020
Simple mediation (capabilities->activities->performance)

Constant -1.901%** -1.223** -1.060
Coupled 0.217 0.210 0.931%**
Generic OC 0.346**
o1 0C 0.286**
Self-sufficiency 0.052
Large 0.426 0.137 0.003
SME 0.945** 0.786* 0.748*
High tech 0.040 0.042 0.075
Model fit
-2LL 273.872%** 273.319%** 278.666***
RZ

. McFadden 0080 0.082 0.064

. Cox & Snell 0.091 0.093 0.073

. Nagelkerke 0.131 0.134 0.105

Moderated mediation (Dependent variable: Performance)

Constant 0.527 0.847** 0.712**
Coupled 0.221 0.216 0.400***
Generic OC 0.328*
ol1oc 0.251**
Self-sufficiency 0.075
Coupled x Generic -0.028
Coupled x Ol OC -0.127*
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Coupled x Self-sufficiency 0.055
Large 0.399 0.092 0.016
SME 0.924** 0.744* 0.748*
High tech 0.042 0.072 0.058
Model fit
-2LL 273.780*** 270.432%** 277.994***
RZ

e McFadden 0.81 0.092 0.067

e Cox &Snell 0.91 0.103 0.076

. Nagelkerke 0.131 0.148 0.109

Notes: *p<0.1; **p<0.05; ***p<0.01

Discussion and conclusions

With this study, we aimed to get a deeper understanding of the drivers and effects of open
innovation, and we searched for the practical managerial mechanisms firms could adopt to
benefit most from open innovation. Using the data collected from 252 companies, we tested
the mediating and moderating effects of organisational capabilities on the relationship
between Ol adoption and company innovation performance.

As there is still an ongoing discussion about the effects that Ol adoption may have
on performance, and there is evidence for both positive (Parida et al., 2012; Laursen &
Salter, 2006) and negative effects (Knudsen and Mortensen, 2011; Faems et al., 2010), it
is important to identify and explore the mechanisms and managerial practices that could
increase positive effects and neutralise or decrease negative ones. This is where the idea of
moderating or mediating variables came from. The role of organisational capabilities in Ol
adoption (Ketchen, Hult and Slater, 2007; Enkel, et al. 2011), managing the open
innovation environment (Lichtenthaler and Lichtenthaler, 2009), and performance has
been recognised in the literature, and it helped to identify the research gap.

During this study, we proposed and tested scales for measuring organisational
capabilities (Tables 2, 4). The initial sources of the variables are presented in the appendix).
This result contributes to open innovation theory development, and provides researchers
and practitioners with a validated measurement tool.

To be able to test our hypotheses, we had to decrease the number of variables
participating in the model. The conducted factor analysis revealed three groups of
variables:

1) The first group (8 items, Cronbach alpha 0.865), which we called generic
organisational capabilities, includes measures on absorptive capacity (Cohen
and Levinthal, 1990; Hafkesbrink et al., 2010; Chesbrough, 2014; Dodgson et
al., 2006; Spithoven et al., 2010; West and Gallaher, 2006), dynamic capability
(Teece, 2007; O’Reilly and Tushman, 2008; Remmeland-Wikhamn, Wikhamn,
2011; Vanhaverbeke, 2006), and collaborative capability (Hafkesbrink et al.,
2010). In addition, one item in this group is associated with organisational
readiness (Hafkesbrink et al., 2010) and open innovation culture (Chesbrough,
2003, Dodgson et al., 2006, VVan der Meer, 2007).

2) The second group (5 items, Cronbach alpha 0.862) contains specific
capabilities that are called on to foster particularly open innovation. This group
also includes variables associated with organisational readiness (Hafkesbrink
et al., 2010) and open innovation culture (Chesbrough, 2006).
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3) One item (“We have sufficient knowledge in our organisation to compete in
our marketplace™) loaded to a separate factor, and we called it self-sufficiency.
This item differs from the rest of the scale and represents a managerial
perception of the firm’s self-reliance rather than its knowledge transfer
capability, and can be more associated with a closed innovation approach
(Chesbrough, 2003).
The results derived from the factor analysis are in line with earlier studies on organisational
capabilities in open innovation research, and define the first level of capabilities (absorptive
capacity, collaborative and dynamic capabilities) that companies should possess in the
earlier stage of their Ol journey: knowledge sourcing, adjusting managerial processes
(Dabrowska et al., 2016), and the second level of capabilities needed for more intensive Ol
adoption (organisational Ol readiness, Ol culture, HR processes). In previous research
(Dabrowska et al., 2016), we found that these groups of capabilities have different effects
on the level of Ol adoption of different activities, and were associated with different stages
of Ol maturity. Thus, we suggested that the effect of organisational capabilities can be
moderating or mediating, and can be different for inbound and outbound Ol activity
adoption. The results of the hypothesis testing are presented in Table 9.
Table 9 — Summary of hypothesis testing

Hypothesis a (Generic OC) b (01 OC) ¢ (Self-sufficiency)
H1 (mediation) accepted accepted rejected
H1* (moderation) rejected partially accepted rejected
H2 (mediation) rejected rejected rejected
H2* (moderation) rejected rejected rejected
H3 (mediation) rejected rejected rejected
H3* (moderation) rejected rejected rejected

The mediating effect of organisational capabilities (both groups) on both the intensity of
inbound Ol adoption and innovation performance was proved, and Hla and H1lb are
accepted. This result confirms that organisational capabilities are important for Ol adoption
(Ketchen, Hult and Slater, 2007; Enkel, et al. 2011). Inbound open innovation activities
consisting of knowledge sourcing and acquisition, co-creation, and collaborative practice
receive support from collaborative capabilities, absorptive capacity, and dynamic
capabilities and that increases their effect on performance (Cohen and Levinthal, 1990;
Hafkesbrink et al., 2010; Chesbrough, 2014; Dodgson et al., 2006; Spithoven et al., 2010;
West and Gallaher, 2006). The moderating effect of OC was not found in any of the models,
which can be explained by the nature of the relationship between capabilities and Ol
activities. In addition, all the hypotheses testing the role of self-sufficiency with internal
resources in the intensity of Ol adoption and performance were rejected, as may be
expected. Companies relaying on internal R&D and innovation are not actively adopting
Ol. In addition to the mediating effect, there were direct positive effects reported for both
generic organisational capabilities and open innovation capabilities on inbound Ol, a direct
positive effect of inbound OI on performance, and a marginal positive effect of open
innovation capabilities on performance. These findings assign our results to the stream of
researchers claiming that Ol has a positive effect on performance (Parida et al., 2012;
Laursen & Salter, 2006, and others).

We also found a direct positive effect of organisational capabilities (both types) on
outbound and coupled Ol adoption, and on performance, which gives additional support to



This paper was presented at The XXVIII ISPIM Innovation Conference — Composing the
Innovation Symphony, Austria, Vienna on 18-21 June 2017. The publication is available to ISPIM
members at www.ispim.org.

the importance of OC for Ol (Sharma et al., 1998; Haas, and Hansen, 2005, Lichtenthaler
and Lichtenthaler, 2009). However, the mediating effect of outbound and coupled Ol
activities was not proved, and we had to reject the related hypotheses. Since, in our
research, the innovation performance was only assessed using an NPD success
measurement, which is particularly irrelevant for outbound Ol practices, as a direction for
further research, we suggest exploring the effect of Ol activities and related capabilities on
a broader variety of innovation performance measures.
We also found that large companies have a higher probability of adopting Ol activities
(both inbound and outbound) more intensively, which is in line with the results of
Chesbrough and Brunswicker (2015). However, SMEs have a higher probability of
improving innovation performance resulting from Ol adoption, which supports the findings
of van de Vrande et al. (2009).

We acknowledge that our study, and open innovation research in general, has some
significant limitations, such as:

e The amount of empirical evidence, validated measurement instruments, and
availability of rigorous data are limited in open innovation research. Researchers
have to be concerned with the limitations of using secondary data on innovation,
adapting scales, and applying self-elaborated scales without proper validation.

e Most quantitative studies in Ol are cross-sectional. The lack of panel data limits
researchers to a “snapshot” analysis and does not give the opportunity to explore
Ol phenomena in a dynamic, reciprocal relationship between variables, time, and
change effects.

e We acknowledge the possibility of a reciprocal relationship between Ol activities
and organisational capabilities, but in this model, we analyse the potential
mediating and moderating role of organisational capabilities in the effect of Ol
activities on performance. The possibility to test the reciprocal relationship is
limited by the cross-sectional nature of the collected data.

The paper brings several contributions to the innovation management community. First,
we empirically test the importance of organisational capabilities for firm performance.
Although the capability—performance relationship has been extensively discussed in the
literature (Sharma et al., 1998; Haas and Hansen, 2005), and particularly in relation to the
Ol context (Lichtenthaler and Lichtenthaler, 2009), to the best of our knowledge, not many
researchers have attempted to conduct a large-scale quantitative study to explore the actual
impact of OC fostering Ol. In this study, we defined a set of capabilities fostering open
innovation, which have shown a positive effect on innovation performance. Secondly, the
results emphasise the importance of alignment between Ol activities and company strategy.
Whereas inbound activities show a positive impact on the success of new products/services
developed by a company, outbound activities demonstrate a negative impact on this
measure. This contributes to the discussion of Vanhaverbeke and Chesbrough (2014) by
differentiating between OI activities and the Ol business model. Finally, by applying a
combination of metrics of Ol-related characteristics, we contribute to the development of
measurements of the Ol concept.

The paper also provides implications for practitioners. Our results suggest that the
managers should differentiate between strategic alignments of the company business model
and adopted Ol activities. At the same time, the results demonstrate the importance of
organisational capabilities, in addition to activities for achieving an improvement in
performance. Furthermore, it can be proposed that the importance of these implications is
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especially critical for SMEs. The measurement system used in the study can be applied by
companies for internal evaluation of engagement into open innovation.
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Abstract

Purpose. From the organisational perspective, the authors know that management, including
innovation management, becomes less “organised” by bureaucracy and administrative tools, and much
more impacted by organisational capabilities, competences and hidden, “soft” routines, bringing
innovation and creativity to the core of organisation. The purpose of this paper is to focus on
competency sets for open innovation (OI) and is to provide recommendations for Ol competency
development in companies, linked to the core Ol processes.

Research design and methodology. The research is exploratory and aims at theory-based practical
indication combining deductive identification of competency clusters and inductive model
development. Thus, the authors apply quantitative methods to data collection and analysis. The
authors conducted an extensive literature review on competence challenges with regard to execution
of Ol, and empirical data analysis based on a large-scale structured industrial survey in Europe
(N=264), leading to the development of competency sets for companies. SPSS tools are applied for
empirical tests.

Findings. The authors develop a generic Ol competency model applicable across industries, combined
with organisational implications for sustaining Ol management capabilities. The research clusters
competencies based on the empirical analysis, which addresses the various challenges of Ol, leading
to recommendations for competency management in an Ol context.

Research limitations/implications. The data were collected from one key informant per company.
Although the authors made efforts to ensure that this was a senior manager responsible for innovation,
the authors cannot exclude some bias in the way that Ol activities and related competencies are
perceived. Exploratory nature of the research, which calls for a more systematic investigation of the
Ol activity modes and the Ol competencies resulting competency model. In particular, the
competencies could be tested on an interprofessional sample of employees with involvement in and/or
This article is © Daria Podmetina, Klas Eric Soderquist, Monika Petraite and Roman Teplov. Published by Emerald
Publishing Limited. This article is published under the Creative Commons Attribution (CC BY 4.0) licence. Anyone may
reproduce, distribute, translate and create derivative works of this article (for both commercial & non-commercial
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responsibility for innovation, development, and HR management, as well as on leaders of innovating
companies. Third, although significant in size for the analyses undertaken, the sample is not large
enough to enable a more fine-tuned analysis of regional differences across Europe in the way that Ol
is managed through the development and implementation of competencies.

Practical implications. The study builds linkages between HR, competency and innovation
management and provides insights for managers of different levels and functions. The CMOI model
can be implemented flexibly and tailored to a firm’s needs. The results show how individual
competencies can contribute to organisational Ol competencies and to executing open and
collaborative activities.

Originality/value. An empirically grounded Ol competency model is proposed to support HR
development for Ol across industries and countries.

Keywords Management skills, Open innovation, Competency model, Organizational competency,
Skills and abilities

Paper type Research paper
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Developing a Competency Model for Open Innovation: From the
Individual Level to the Organisational

1. Introduction

Open innovation (OI), which can be defined as “a distributed innovation process based
on purposively managed knowledge flows across organizational boundaries, using
pecuniary and non-pecuniary mechanisms in line with the organisation’s business model”
(Chesbrough and Bogers, 2014, p. 17), poses a range of challenges for the management
of human resources involved in innovation, R&D and boundary-spanning activities (West
et al., 2006; Du Chatenier et al., 2010; Petroni et al., 2012; Podmetina et al., 2013;
Vanhaverbeke et al., 2014; West et al., 2014). Relatively little is currently known about
how the challenges of Ol are handled at the individual level (Bogers et al., 2017), even
though “the effectiveness of firms’ OI strategies strongly depends on the individuals
tasked to bring those strategies to fruition” (Bogers et al., 2017, p. 13). Reviewing the
related literature, Du Chatenier et al. (2010) identified some of the most important issues,
including building trustworthy mutual working relationships in innovation partnerships,
collaborative knowledge creation across organisational boundaries, communication
among different professional groups and striking a balance between individual (firm) and
collective (innovation alliance) interests. This implies that Ol professionals engaged in
real Ol teams and projects must possess, learn and develop competencies specific to this
context (Du Chatenier et al., 2010) in order to be motivated and able to deliver the fruits
of Ol (Bogers et al., 2017). In similar vein, Hafkesbrink and Schroll (2014) developed a
conceptual model of individual competencies for exploration, exploitation and
ambidexterity in the Ol process, responding to the Ol-driven needs of combining different
competencies and technological capabilities in all of those three “modes™ of innovation
(Chesbrough, 2003). While previous studies have laid an important foundation for the
study of Ol-related organisational competencies, their limitations in terms of empirical
validation and/or study scope constrain their application at the organizational level.
Building on these contributions, the aim here is to develop an Ol competency model that
organises individual competencies around organisational Ol processes. Based on this
formulation, the research question is as follows:

RQ: What individual competencies are essential for Ol, and how can they be incorporated
into a generic model of organisational competency?

Based on rigorous theoretical and empirical modelling, our contribution is twofold. First,
we propose an original, evidence-based measurement scale for Ol competencies.
Development of the scale was based on primary data on the importance of Ol skills as
reported by managers in Europe.We further explore how these competencies relate to
open and collaborative innovation activities at the organisational level, proposing an
inductive approach to organizational Ol competency building based on individual skills
and organisational Ol processes. Second, we move beyond conceptual and case-based
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insights on competencies for Ol, and augment empirical studies that focus only on
discrete skills or organisational capabilities to develop a model incorporating distinct
competency categories. The results reinforce conceptual linkages between competency
management and innovation management and provide insights for managers of different
levels and functions, concerning how individuals can contribute to realising the potential
of Ol (Bogers et al., 2017) by articulating a model of the various competencies (i.e. skills
and abilities) required for the execution of open and collaborative innovation activities.
Although the research is exploratory, it uses quantitative data to build the evidence, based
on an original European industrial survey (N%264) conducted within the framework of
the OI-NET Erasmus+ project.

The paper is organised as follows. A review of the fundamentals of Ol in relation to
organisational competencies is followed by a focused literature review of professional
competencies, with an emphasis on Ol competencies. We then discuss the methodology,
research process and data collection, detailing the developed scales and operationalisation
of variables. The results section reports the factor analysis and ANOVA for group
comparison, grouping and relating Ol activities and competencies as the empirical
foundation for the proposed Ol competency model. The paper concludes with theoretical
and managerial implications, and we discuss the study’s limitations and avenues for
future research.

2. Innovation, open innovation and organisational competencies: literature
background

From innovation to open innovation

Innovation research embraces a broad array of topics, including types, dimensions and
determinants of innovation, which are studied at the macro, organisational and micro
levels, using a range of theoretical lenses that include institutional and evolutionary
economics, networks, the resource-based view, learning and change theories (Crossan
and Apaydin, 2010). As a dynamic triptych of process, outcome and context (Crossan and
Apaydin, 2010; Chesbrough and Bogers, 2014), the term “innovation” is broadly used by
scholars and practitioners to denote new products and artefacts, new services, new
manufacturing and business processes and new organisational structures, procedures,
business models and strategies (Keupp et al., 2012; Keely et al., 2013). This broadening
of conceptualization and approach took root during the 1990s with the emergence of the
innovation systems (IS) approach (e.g. Freeman, 1987; Lundvall, 1992; Nelson, 1993).
Drawing primarily on evolutionary economics and a macro perspective, the IS approach
has, however, been criticized for treating the firm as a black box, offering little guidance
as to how companies, the innovation engines of an economy, might act in order to
leverage the dynamics of such systems (Walrave and Raven, 2016). To address this issue,
complementary approaches were developed, including innovation clusters (Porter, 2000),
triple helix (Etzkowitz and Leydesdorff, 2000) and entrepreneurial ecosystems (Feld,
2012), emphasising the interactions and interplay among firms, institutions and market
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conditions in IS. Over the last decade, this has resulted in a shift of focus in firm-level
innovation research from the product to the business model (Visnjic et al., 2016).

In this context, Ol has emerged as a model that bridges the macro and micro levels in
innovation studies (Carayannis and Campbell, 2011; Huizingh, 2011), where companies
strive for innovation partly by tapping into knowledge residing outside their boundaries
and partly by allowing their own internally developed knowledge to flow outward for
external use (Chesbrough, 2003). Environmental dynamism enhances the development of
Ol, but it is a complex process, requiring effective management of both external and
internal knowledge (Martinez-Conesa et al., 2017). The theoretical foundations of Ol can
therefore be seen as a firm-level mirroring of the IS literature. Ol conceptualises
innovation as occurring between companies and other relevant actors, who exchange
knowledge and co-develop products and services in loosely coupled networks, including
technology-enabled social networks (Palacios-Marqués et al., 2015), where business
models are dynamically created, reshaped, dissolved and recreated to continuously
enhance innovation competency, outcomes and performance (Chesbrough, 2003;
Chesbrough, 2006; Chesbrough and Bogers, 2014).

Ol encompasses a wide range of forms and degrees of openness in the innovation process
(Laursen and Salter, 2006). Companies can engage in outbound Ol (by revealing or
selling ideas, knowledge, or technologies) or in inbound Ol (by sourcing or acquiring
innovation assets from outside) (Dahlander and Gann, 2010), or in both (by coupling
external knowledge sources and outbound commercialisation activities) (Chesbrough and
Bogers, 2014). A growing body of research on Ol adoption shows that firms in various
sectors use a range of different organisational modes (e.qg. licensing agreements, alliances,
purchase and supply of technical and scientific services) to enter into relationships with
different types of partners (e.g. indirect and even direct competitors, suppliers, service
and platform providers, technology brokers, universities, research organisations, crowds,
lead users) with the aim of acquiring inbound Ol and/or commercially exploiting
outbound Ol technologies and knowledge (e.g. Chiaroni et al., 2011; Bianchi et al., 2011;
Spithoven et al., 2013; Virlée et al., 2015; Kortmann and Piller, 2016). The essential
contribution of this body of research is to describe the content of change towards Ol in
terms of different Ol activities and the contextspecific industries/sectors in which it
happens while less emphasis is placed on the process of change (Bianchi et al., 2011;
Virlée et al., 2015). This corresponds to the call by Bogers et al. (2017) for research at
the intra-organisational level of analysis “that help[s] to explain how individual-level
attributes and behaviours as well as design elements of the organization need to adapt as
the organisation transitions to OI” (p. 22).

To link the “what” of OI activities to the “how” of individual attributes and behaviours
in our analyses and competency model development, we compiled a list of Ol activities
based on Chesbrough and Brunswicker (2013, 2014). As in our own approach, that
research relied on an original cross-country survey, anchored in innovation surveys such
as the community innovation survey, which (among other things) provides systematic
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empirical evidence of Ol activities. Their research confirmed that Ol is a persistent and
widespread phenomenon across industries and countries (Chesbrough and Brunswicker,
2014).

Professional competencies in support of open innovation

As noted above, the challenges of implementing and managing Ol activities place new
demands on the skills and abilities of the individuals involved. However, it is difficult for
managers to define and source these skills and abilities in new recruits (Dabrowska and
Podmetina, 2014). To identify the specific skills and behaviours for the successful
execution and management of Ol activities that must be found, developed and cultivated
in the workforce, researchers have recently turned to the concept of professional
competencies (Du Chatenier et al., 2010; Mortara et al., 2009; Hafkesbrink and Schroll,
2014). Before reviewing competency models for Ol, it seems important to resolve the
confusion around terms relating to individual competence and competency and to
organisational capability.

Competence can be defined as a combination of the nature of the work and the
characteristics of the worker performing it (Sandberg, 2000). It is a professional’s generic
capability (Mulder, 2015), consisting of the integrated set of knowledge, skills and
attitudes of a person (Mulder, 2007) or that an employee possesses (Rowe, 1995; Garavan
andMcGuire, 2001). It follows that a person or employee cannot have two or more sets
of competences — in other words, a professional cannot have several competences
(Mulder, 2015). A competency (plural competencies) is a part of competence (Mulder,
2015) — that is, the individual’s array of discrete knowledge, skills and
attitudes/abilities/behaviours that enable them to cope with the demands and
responsibilities of their job (Boyatzis, 1982; Lathi, 1999). Competencies should be
formulated as “can” expressions (Mulder, 2015); they are observable and measurable, and
their application results in effective and/or superior job performance, enabling a
distinction between superior and average performance (Boyatzis, 1982; Catano, 1998).
As the notion of organisational capability typically refers to distinctive strategic strengths
at the organizational level (Athey and Orth, 1999; Luoma, 2000), organisational
capabilities are distinct from competence and competency, both of which relate to the
individual level and are therefore a human resource management issue.

Drawing on the above, the present research focuses on reviewing, identifying, measuring
and empirically analysing competencies as the primary unit of analysis and as the building
blocks of competences. Based on their review of the extant literature, Soderquist et al.
(2010) synthesized three analytical perspectives that clarify the meaning and applicability
of the various types of competency encountered in organisations. First, generic vs
organisation-specific competencies, which are competencies characterizing a specific job,
“either generically, i.e. common to all individuals occupying a specific job, or specific to
the job in a particular organisation” (Soderquist et al., 2010, p. 328). Second, managerial
vs operational competencies, which refer to competencies needed to successfully perform
in a managerial or operational role, respectively. Third, competencies as skills vs
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competencies as abilities/behaviours, “which refer to characteristics of individuals that
are either learned and describe what an individual does, or fundamentally inherent and
describe how people do their job” (Soderquist et al., 2010, p. 328, emphasis added).

This typology of combinations of the three identified pairs has general applicability for
competency management, as it suggests an analytical “scale” of competencies, ranging
from the most specific “organisation-specific operational skills” to the most general
“generic management abilities”. For the purposes of the present research, we focus on the
analysis of generic managerial competencies for Ol across industries and countries while
distinguishing between skills and abilities in the review and further operationalisation of
competencies in the research instrument and subsequent data analysis.

As skills, competencies specify the sufficiency of skills needed to execute a specific job
(Soderquist et al., 2010), which is particularly important for the knowledge-intensive
work (Lawler, 2005) that characterises innovation. Skills are developed through training,
experience and knowledge transfer (Lauby, 2013). As behaviours, competencies are often
referred to as abilities that are more innate than skills (which are more acquired) (Lauby,
2013), defining the desirable attributes for a specific job (e.g. creativity, initiative,
persistence in problem solving, discipline, assertiveness, empathy and the ability to
communicate and cooperate with others) (Nordhaug, 1998; Rowe, 1995). Abilities are
particularly important in organisational contexts that are characterised by discontinuous
change (Harvey et al., 2000), as well as by innovation and, in particular, by Ol. Rather
than sufficiency, abilities can only be evaluated in terms of performance expectations,
embracing the notion of excellence (Rowe, 1995).

Competency models for open innovation

Turning to studies that explicitly analyse Ol competencies, Mortara et al. (2009) proposed
four categories of relevant skills:

(1) introspective skills related to the organisation’s assessment of opportunities from
inside;

(2) extrospective skills related to the organisation’s assessment of opportunities from
outside;

(3) interactive skills that convey the value, internally and externally, of relations with the
world outside the organisation; and

(4) technical skills, encompassing all the technical, management and business skills
needed to support the first three categories.

These skill categories are complemented by a set of desirable personal attributes (i.e.
abilities as defined above), including (among others) motivation, sociability, a techno-
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business mindset, systems thinking, adaptability and flexibility (Mortara et al., 2009).
Table | summarises indicative skills and abilities from the competency models reviewed
here, which we use as inputs to the research instrument. The final complete list of
variables retained and analysed is shown in Table 111 (see methodology section), which
also details their operationalisation.

Based on an extensive literature review and qualitative validation through interviews and
focus groups, Du Chatenier et al. (2010) identified four categories of Ol competencies:

(1) self-management (seen as the basis for achieving the central tasks related to Ol);

(2) interpersonal management (essential for managing inter-organisational collaboration);
(3) project management (essential for managing the overall innovation process); and

(4) content management (essential for creating new knowledge collaboratively).

Although it represents a great step forward in understanding the specificities of Ol
competencies, the work of Du Chatenier et al. suffers from generality (Mulder, 2015), as
it fails to distinguish analytically between Ol skills and abilities and further lacks clarity
by conflating the concepts of competence and competency (Mulder, 2015). While the
present study corrects for these imperfections, we nevertheless employed several of the
competencies proposed by Du Chatenier et al. (2010) (indicatively listed in Table I) in
building our research instrument.

Hafkesbrink and Schroll (2014) drew on the theoretical underpinnings of exploration,
exploitation (March, 1991) and their simultaneous integration in ambidexterity (Raisch
etal., 2009; Blindenbach-Driessen and van den Ende, 2014) to elaborate a comprehensive
catalogue of organisational and individual Ol competencies. In innovation studies,
exploration — associated, for example, with search, variation, risk taking, experimentation
and discovery (March, 1991) — has become synonymous with radical innovation, while
exploitation — associated, for example, with refinement, efficiency, selection,
implementation and execution (March, 1991) — has become synonymous with
incremental innovation (Jansen et al., 2009). Ambidextrous organisations are “capable of
simultaneously exploiting existing competencies and exploring new opportunities”
(Raisch et al., 2009, p. 685). In this way, exploration and exploitation can work together
towards innovation that is simultaneously incremental and radical, referred to as
innovation ambidexterity (Li et al., 2008). External knowledge sourcing, which is central
to inbound OI, was recently found to be positively associated with organizational
ambidexterity, mediating the relationship between organisational ambidexterity and firm
performance (Vrontis et al., 2017). Based on empirical research in 189 Italian knowledge-
intensive firms, Vrontis et al. proposed that greater use of external knowledge in pursuit
of innovation helps in managing the internal tensions entailed by joint exploitation and
exploration activities, identified by March (1991) as one of the main difficulties in
developing ambidexterity. Firms that adopt Ol can obtain greater benefits from
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ambidexterity; in turn, ambidexterity is central to innovation performance, especially in
the Ol context, which is characterised by intensive knowledge transfer and learning
(Ferraris et al., 2017).

In relation to the ambidextrous nature of Ol, Hafkesbrink and Schroll (2014) identified
four interdependent categories of key individual competencies for managers and
employees: professional competencies, methodic competencies, social competencies and
personal competencies. It should be noted that, such as Du Chatenier et al. (2010),
Hafkesbrink and Scholl’s model makes no distinction between skills and abilities but uses
the words competencies, skills and abilities interchangeably for what we have defined
here as either competencies as skills, or competencies as abilities. Hafkesbrink and Scholl
emphasise the importance of knowledge and knowledge management for the effective
implementation and execution of Ol, as further analysed and confirmed in recent
empirical studies (Ferraris et al., 2017; Scuotto et al., 2017), and indicative competencies
from Hafkesbrink and Schroll (2014) used in our instrument-building and analysis are
listed in Table I.

Finally, Dabrowska and Podmetina (2014) conducted an extensive literature review
(keywords: “open innovation” and “capability*” or “competence*” or “skill*”’) and
collected data on job offers (keyword: “OI” (in the job title or job description)). In
addition to the competencies identified in the above studies, we also used items from
Dabrowska and Podmetina (2014) as indicatively listed in Table I.

Insert Table 1 about here

3. Methodology
Questionnaire development and validation by experts

With a view to conducting the first empirical study of requisite competencies for Ol in a
European industrial context, we developed a structured questionnaire covering “the
following broad topic areas: 1) the current state of open innovation adoption in industry;
2) the perceived importance of open innovation at present and in the near future; and 3)
the employee competencies currently considered important for open innovation”
(Podmetina, Equey, Kleer, Lopez Vega, Dabrowska, Albats, Petraite, Soderquist, Rethi
and Hafkesbrink, 2017; Podmetina, Soderquist, Dabrowska, Hafkesbrink and Lopez-
Vega, 2017, p. 45). To assess the level of Ol adoption, we applied the list of Ol and
collaborative activities adopted from Chesbrough and Brunswicker (2013, 2014) for
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inbound and outbound OlI, indicatively comprising customer/consumer co-creation,
crowdsourcing, collaborative innovation with external partners (suppliers, universities,
competitors, etc.), participation in standardization and IP in- and out-licensing (see Table
Al).

The initial list of questionnaire items was reduced the following evaluation by 15 business
and academic experts in Ol. Next, the questionnaire was piloted in 52 organisations (both
business and academic) from 24 European countries. Based on that feedback, the original
questionnaire was edited, and the large-scale online survey was subsequently launched.
For the purposes of this paper, we addressed only those variables related to Ol
competencies: skills, abilities and Ol activities. In addition, we controlled for firm size,
industry and location. The final list of variables and their operationalisation is presented
in Table Al.

Data collection process and sample description

The online survey was launched in September 2014 on Webropol. While the main
language was English, the survey was also translated into 12 other languages. In total,
528 respondents answered the survey, providing data from 38 countries across Northern,
Southern, Eastern and Western Europe. Using stratified sampling, companies were
selected on the basis of their industry’s economic significance (five to ten leading
industries per country). To collect the data, we contacted one respondent per company by
e-mail; those targeted included top management, innovation and R&D managers and HR
specialists. The cover letter described the survey objective, supplying Chesbrough’s
(2003, p. xxiv) definition of Ol to avoid possible bias due to different understandings of
the concept. The average response rate was 10 per cent, but this varied between countries.
After cleaning the sample and removing incomplete questionnaires, the final number of
responses accepted for further analysis was 264.

The sample consisted mainly of SMEs and large firms (41 and 38 per cent, respectively).
Micro enterprises (i.e. those with fewer than ten members of staff ) were relatively
underrepresented (21 per cent). The majority of respondents were located in Southern and
Eastern Europe, with slightly fewer from Northern and Western Europe (see Table I1).
The industrial classification was based on the Global Industry Classification System
(www.msci.com/gics). A majority of respondents (28.4 per cent) came from industries
that included capital goods, professional and commercial services and transportation (see
Table I1). Information technology, grouping software and services, technology hardware
and equipment, and semiconductors and semiconductor equipment, accounted for 17 per
cent of the sample, and consumer discretionary firms such as automobile and components,
consumer durables and apparel, hotels, restaurants and leisure, media and retail accounted
for 14.4 per cent, with other industries achieving a lower share. Overall, 37 per cent of
our respondents represented the manufacturing companies. The proportion of high-tech
firms was small at just 18 per cent; the high-tech classification was based on Kile and
Phillips (2009).
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Insert Table 2 about here

To control for possible common method bias, we implemented Harman’s single factor
test (Podsakoff and Organ, 1986).We conducted a principal component analysis for all
the studied variables, which resulted in 14 factors with eigenvalues greater than 1. While
the overall percentage of explained variance was 66.5 per cent, the variance accounted
for by a single factor was only 19.8 per cent, indicating that bias due to cross-sectional
data is unlikely.

Open innovation activities and competency measurement scales

Because the measurement scales used for data collection were new in part (see Table Al),
we checked for scale reliability in addition to the expert evaluation and pilot test (Tables
3 and 4) to ensure the quality of the instrument and data. Cronbach’s a was high for OI
activities (i.e. higher than 0.8), and all items fit well, so validating the scale (see Table 3).

Insert Table 3 about here

Cronbach’s a for OI competencies was also high (i.e. higher than 0.8). All items on the
scale fit well, with the exception of IP management skills, indicating a higher a for the
whole scale if these items were removed (Table 4). However, given the study’s
exploratory nature, we decided to retain the item at this stage.

Insert Table 4 about here

4. Research findings

To identify the individual competencies essential for Ol and to build a generic
organisational competency model, we applied several analytical procedures, which can
be described in stages. First, to identify the most important competencies for Ol, we
compared the means of competencies that are important for the Ol professional and
determined the percentage of respondents who acknowledged the importance of specific
competencies. Next, we compared the importance of different competencies for Ol in
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companies of different sizes and from different industries in order to evaluate the generic
applicability of the measurement scale. Then, to group and reduce the number of Ol and
collaborative activities and Ol competencies, we conducted a factor analysis to define the
groups that were later used in the competency model. Finally, we analysed the grouped
Ol competencies identified as important for open and collaborative innovation adoption.

Open innovation competency descriptive statistics

Ol competencies (divided into skills and abilities) were evaluated using a Likert-type
attitude scale, ranging from 1 (not important) to 7 (very important) (see Table Al).
Respondents identified networking, communication, team-working and problem-solving
skills as the most important for Ol specialists (Figure 1). All the skills were considered
important, with scores ranging from 5.261 to 6.163 and an average importance (for the
whole sample) of 5.676. The abilities of Ol specialists were also mainly considered
important or very important, with average importance ranging from 4.992 to 6.023 and
an average for the whole sample of 5.684 (Figure 2). Respondents emphasised that
technology and business mindset, the ability to share knowledge within the organisation,
creativity, adaptability and strategic thinking is most important for Ol adoption

Insert Figure 1 about here

Insert Figure 2 about here

To develop the Ol competency model, we selected only those questionnaire responses
indicating high importance of an Ol skill or ability — that is, scores of 5, 6 or 7 on the
Likert scale. The percentage of respondents assigning this level of importance to Ol skills
and abilities (5, 6 and 7) is shown in Figure 3.

Insert Figure 3 about here

The importance of Ol competencies does not vary significantly for companies of different
sizes (Table 5) and from different industries. A Welch’s ANOVA test revealed no
significant differences between most competencies in relation to company size; the
notable exceptions were negotiation skills, the ability to manage inter-organisational
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collaboration processes and cultural awareness. Similarly, t-tests comparing service and
manufacturing firms and high-tech companies and others (low and medium tech) showed
that Ol competencies were considered equally important by companies from different
industries. It is notable, however, that entrepreneurial skills seem more important for
service firms than for those from manufacturing. This suggests that the proposed scale is
generic for companies of different sizes and from different industries.

Insert Table 5 about here

Conversely, companies located in different European regions were more heterogeneous
in their perceptions of the importance of various competencies. In particular, significant
differences were found for entrepreneurial and networking skills, technology and
business mindset, ability to work in internal cross-functional teams, new media literacy,
cultural awareness and failure tolerance. Therefore, although it appears that industry and
company size exert no particular influence on the set of required competencies, regional
features (such as cultural characteristics) may play a significant role in shaping the profile
of Ol professional competencies.

Factor analysis of Ol activities and competencies

Factor analysis of open and collaborative innovation activities confirmed the possibility
of reducing the number of activities to three groups. The rotated component matrix
(rotation converged in five iterations) is presented in Table 6. The selected extraction
method was principal component analysis, and varimax with Kaiser normalisation was
chosen as the rotation method. The Kaiser-Meyer-Olkin (KMO) measure of sampling
adequacy returned a value of 0.867, which is much higher than the threshold value of 0.5.
Bartlett’s test of sphericity was significant ( <0.001), indicating that the data were suitable
for factor analysis. To include only those factors that explained more variance than a
single variable, we limited the minimum eigenvalue to 1. The factor analysis explained
around 55 per cent of the sample variance. It is notable that all items other than idea and
start-up competitions exhibited good loadings without sufficient cross-loadings while that
item (idea and start-up competitions) had significant cross-loadings, with commonality
below 0.5, leading to the exclusion of that variable from further analysis.

Interestingly, all “traditional” inbound and outbound monetary (pecuniary) Ol activities
(such as external technology acquisition, technology commercialisation, in- and out-
licensing and participation in industry standardisation) appeared in the first group (see
Table 6, Factor 1).We subsequently refer to this group as open technology (in and out)
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sourcing. These monetary activities represent technology acquisition and
commercialisation across organisational borders, which are well-established Ol practices.
These practices differed in average intensity of adoption, while companies reported high
intensity of adoption of external technology acquisition (mean 4.311) and participation
in standardisation (mean 3.947), in- and out-licensing (mean 2.909 and 2.660
respectively) and technology commercialisation (mean 2.693) were not very intensively
adopted. Average intensity of adoption for this group was 3.303.

The second group (Table 6, Factor 2) includes activities that involve non-monetary (non-
pecuniary) inbound and outbound activities that open the innovation process to a wide

range of partners, such as free revealing (ideas, IP, etc.) to external partners,
crowdsourcing and use of external networks (e.g. associations, intermediaries, knowledge
brokers). We describe these practices as open mass innovation, characterised by less
formal, non-contractual collaboration and involving a broader range of partners as
compared to the OI practices in the first group. Most companies use external networks
intensively (mean 4.167), but crowdsourcing (mean 2.898) and free revealing (mean
2.943) are very specific activities that are intensively adopted in a smaller number of
firms. Average intensity of adoption for this group was 3.336.

Finally, the group we characterised as open collaborative innovation included practices
most intensively (group mean 4.955) adopted by companies (Table 6, Factor 3):
collaborative innovation with external partners (i.e. suppliers, universities, competitors),
R&D subcontracting, scanning for external ideas and customer co-creation in R&D
projects. Even the least adopted activity in this group — subcontracting R&D — exhibited
a high level of adoption (mean: 4.053), and the most adopted activity — collaborative
innovation with external partners — was the most adopted of all Ol activities in this study
(mean: 5.570). In the academic literature, these inbound collaborative practices are often
analysed as Ol practices, but they are in effect a source of critique, as many companies
adopted them before the emergence of the Ol paradigm.

Insert Table 6 about here

Next, we performed a factor analysis for Ol competencies, which yielded seven factors.
The rotated component matrix (rotation converged in 8 iterations) is presented in Table
VII. Principal component analysis was applied as an extraction method, and varimax with
Kaiser normalisation was chosen as a rotation method. KMO was high at 0.886, and
Bartlett’s test for sphericity was significant at po0.001, indicating that the data were
suitable for factor analysis. The number of factors was based on eigenvalues (where the
factor eigenvalue should exceed 1). The factor analysis explained around 59 per cent of
the sample variance. Although all variables demonstrated quite good commonalities (i.e.
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above 0.5), we had to remove several items because of significant cross-loadings between
several factors. In particular, we removed virtual collaboration skills from Factor 3 and
strategic thinking ability from Factor 4..

Insert Table 7 about here

This factor analysis served as the background for development of our competency model,
which is discussed in the next section. Ol management competency, which defines the
distinct core Ol management competency, included ten items (Table 7, Factor 1):
networking skills, communication skills, ability to work with different professional
communities, ability to share knowledge and ideas internally, ability to share knowledge
and ideas externally, ability to work in internal cross-functional teams, ability to work in
an interdisciplinary environment, managing inter-organisational collaboration processes,
adaptability and flexibility and cultural awareness. This competency reflects the
specialist’s ability to manage both the inter-organisational collaboration process
(collaborating with different stakeholders, sharing knowledge externally) and intra-
organisational collaboration (sharing knowledge internally, working in internal cross-
functional teams), as well as using communication and networking skills. Working in a
holistic collaboration process (internal and external) requires adaptability and flexibility,
along with networking and communication skills and the ability to work in an
interdisciplinary, cross-cultural, cross-functional environment.

Other groups of competencies comprised smaller sets of skills and abilities reflecting the
specific competencies of Ol management. In fact, respondents evaluated all items
included in the identified competencies as important, indicating that although the
competencies clearly relate to different tasks, they all play an important role in the Ol
process. For example, entrepreneurial leadership competency (Table 7, Factor 2)
combines entrepreneurial, leadership and trust skills. Although entrepreneurial and
leadership skills are essential for any successful innovation project manager, the addition
of trust becomes especially critical in the context of external collaboration. In contrast to
how the first group brought together the broader set of skills required for Ol specialists at
various levels, this competency is essential for taking on a high-level management role in
an Ol context.

Innovative team work competency includes problem solving, multi-tasking and team-
working skills (Table 7, Factor 3), contributing to effective and efficient teamwork in an
Ol context. In isolation, this competency may be considered important for any project
team member and for in-house (internal) innovation. However, in combination with other
competencies, it becomes an important factor in the overall competence of Ol specialists
and team members in such projects.

This article is © Daria Podmetina, Klas Eric Soderquist, Monika Petraite and Roman Teplov. Published
by Emerald Publishing Limited. This article is published under the Creative Commons Attribution (CC BY
4.0) licence. Anyone may reproduce, distribute, translate and create derivative works of this article (for
both commercial & non-commercial purposes), subject to full attribution to the original publication and
authors. The full terms of this licence may be seen at http://creativecommons.org/ licences/by/4.0/legalcode




Creative work competency (Table 7, Factor 4) combines creativity, new media literacy
and risk awareness, which are critical for transforming creative ideas into innovations that
are likely to succeed in a dynamic and uncertain environment. Indeed, while this
competency per se should not be considered as a unique requirement for Ol specialists, it
contributes to search, evaluation and integration of external knowledge in innovation
projects and to external exploitation.

Innovation process competency consists of negotiation and IP management skills,
technology and business mindset, and project management ability (Table 7, Factor 5).
This competency is critical for those in an Ol project management role, combining
technical skills with the ability to manage trade-offs between technical concerns and
business imperatives.

Inter- and intra-organisational collaboration competency combines internal and external
collaboration skills (Table 7, Factor 6). This competency is important for all Ol
professionals, but it is especially crucial for the Ol manager, where this role is defined
and exists within the organisation. Internal and external collaboration skills are the
essence of any boundary-spanning activity.

Failure tolerance competency (Table 7, Factor 7) is of equal importance across all
professions and employee levels in an innovation-intensive environment. Given the high
levels of uncertainty in innovation activities and the high failure rates of such projects,
this competency is essential for innovation managers. Although Ol is thought to have the
potential to reduce the costs and associated risks of internal R&D activities, it creates
additional challenges for relationships with external partners, making this an essential
competency for Ol managers.

Descriptive statistics, correlation matrix and reliability assessment are presented in Table
8. While some factors (2, 3, 4 and 5) have Cronbach’s o values below the commonly
accepted cut-off point of 0.7, the coefficients are still relatively high (greater than 0.6),
making them suitable for exploratory study. At the same time, all the factors correlate
with each other, indicating the appropriateness of joint application for the evaluation of
Ol competencies.

Insert Table 8 about here

To bring together Ol activities and competencies in the competency model, a final step
analysed the relationship between the three identified Ol activities modes — open
technology (in and out) sourcing, open mass innovation and open collaborative
innovation — and the seven identified Ol competencies (see Table 9).
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This leads to several interesting observations. First, although Welch’s ANOVA revealed
significant differences in the perceived importance of several competencies for different
degrees of engagement in open technology sourcing and open mass innovation activities,
it revealed no such differences with regard to degrees of engagement in open collaborative
innovation activities. In other words, companies tend to evaluate the importance of Ol
competencies evenly, irrespective of their current degree of engagement in collaborative
innovation activities. Second, companies that are intensively involved in open technology
sourcing — that is, the most traditional Ol activities — consider all competencies (except
Factor 4 creative work competence, Factor 6 inter- and intra-organisational collaboration
competency and Factor 7 failure tolerance) as more important than do those who adopt
this Ol activity mode less intensively. As the same can be said of companies that
intensively adopt (non-monetary) open mass innovation, the only exceptions in this case
are Factors 4 and 7. Notably, in the majority of cases, companies with a low degree of
engagement in Ol activities differ more from those with medium and high degrees of
engagement while the difference between those with medium and high degrees of
engagement is often negligible..

Insert Table 9 about here

The most important competencies for all three groups of Ol activities are Ol management
competency (Factor 1), innovative teamwork competency (Factor 3) and inter- and intra-
organisational collaborative competency. Interestingly, the importance of these
competencies is higher for companies that adopt open mass innovation more intensively
than for other corresponding groups. Notably, companies with a high degree of
engagement in open collaborative innovation activities place less importance on Ol
competencies than firms with a high degree of engagement in other groups of activities.
At the same time, low adoption of collaborative innovation indicates higher importance
of competencies than in the case of low adoption of open technology sourcing and open
mass innovation. For that reason, the gap in competencies evaluation between active
adopters of open collaborative innovation and those who are not actively involved in such
activities is narrower than for other types of Ol activity.

5. Development of an open innovation management competency model

In building an organisational competency model for OI, we sought to address the
challenge of linking Ol activities with supporting competency sets. The results led to the
extraction of Ol activity groups (or Ol modes) that require specific competencies for their
execution —that is, open technology sourcing (in and out), open mass innovation and open
collaborative innovation. These extracted Ol activity modes correspond to previous
findings concerning inbound, outbound and coupled innovation (Vanhaverbeke et al.,
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2014) and the monetary and non-monetary Ol framework (Dahlander and Gann, 2010;
Chesbrough and Brunswicker, 2013). We detected a changing landscape of Ol, in which
new crowd-driven innovation activities are adopted as intensively as more traditional
activities such as technology sourcing. However, firms still adopt collaborative
innovation activities most intensively.

Based on the factor analysis, each of the three Ol modes requires a specific set of
individual competencies. Open technology sourcing includes such monetary activities as
the acquisition of external technologies, selling unutilised and unused technologies,
intellectual property in- and out-licensing and, in particular, participation in industry
standardisation, which requires specific search, commercialisation and negotiation skills
at a high level. Companies that intensively adopt open technology (in and out) sourcing
strategies (i.e. monetary Ol activities) claim that the most important competencies are
communication, technology and business mindset (>6.3) and team working (>6.2). The
inbound and outbound Ol processes are supported here by the high importance of external
collaboration and internal knowledge sharing, networking, adaptability, ability to work in
interdisciplinary environments and cross-functional teams (>6.0).

The second Ol mode, open mass innovation, includes such non-monetary activities as
free revealing of ideas and intellectual property to external parties, crowdsourcing, use of
external networks and idea and start-up competitions for innovation generation, with
competency requirements related to collaboration and the transformation of broad sets of
ideas. Team-working, communication (>6.3) and networking (>6.2) are most important
for open mass innovation. Within the open mass innovation activity mode, ability to apply
crowdsourcing to Ol was identified as a critical skill for improvement. The adoption of
activities involving a number of partners, crowds and networks also requires effective
problem solving, strategic thinking, creativity and technology and business mindset, as
well as external collaboration, trust and adaptability, the ability to work in
interdisciplinary environments and cross-functional teams and the ability to work with
external professional communities (>6.0).

The third identified mode, open collaborative innovation, is based on both non-monetary
and monetary activities, including collaborative innovation with external partners,
subcontracting R&D, customer and consumer co-creation in R&D projects and scanning
for external ideas. In terms of competency requirements, in anticipation of change
towards Ol management, collaboration for innovation with external partners and
networking were identified as critical. However, along with external collaboration
competency, collaborative innovation requires creativity, technology and business
mindset and strategic thinking, as well as the ability to work in cross-functional teams,
internal knowledge sharing and team-working. It should be noted here that the average
importance of competencies in this group (5.9-6.1) was slightly lower than in the other
two.

Based on these findings, an empirically grounded competency model for open innovation
(CMOI) was developed (see Figure 4), relying for its structure principally on professional
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competencies modelling (Hafkesbrink and Schroll, 2014; Mulder, 2015), in that distinct
and transferable sets of skills and abilities were used to construct the model.

The distinct Ol competency reflects the need for companies to shape and manage
innovation across ecosystem boundaries, combining multiple inbound and outbound
knowledge sources within diverse and dynamic innovation processes. Referring to the
vital need to tap into available knowledge across organisational boundaries and for
effective internal and external knowledge flow management as identified in the literature
(e.g. Carayannis and Campbell, 2011; Martinez-Conesa et al., 2017; Palacios-Marqués et
al., 2015), firms must rely on distinct sets of competencies tomanage “openness” as one
way of handling the challenges of Ol at the individual level (Bogers et al., 2017). This
“openness” is reflected in complex and dynamic exchanges of knowledge across internal
and external networks and ecosystems, where effectiveness is defined by a set of explicit
and implicit behaviours and micro decisions rather than as a single well-defined process.
It follows that a distinct Ol management competency requires the right combination of
cultural awareness, ability to work with different professional communities, ability to
share knowledge and ideas internally and externally, ability to work in an
interdisciplinary environment and ability to work in internal cross-functional teams,
complemented by communication and networking skills, adaptability and flexibility and
management of inter-organisational collaboration processes.

The distinct Ol management competency is complemented by specific transferable
interpersonal and intrapersonal competencies that correspond quite closely to the
competency categories formulated by Du Chatenier et al. (2010): self-management,
interpersonal management, project management, and content management. We refer here
to interpersonal competencies as those that manifest and are applied within interpersonal
and organisational contexts. They are organisation specific (Soderquist et al., 2010) and
correspond in part to “interpersonal management” (Du Chatenier et al., 2010).
Intrapersonal competencies manifest at the individual level and are independent of any
specific organisational context — that is, they are generic (Soderquist et al., 2010), and
correspond in part to Du Chatenier et al.’s (2010) self-management.

In the CMOI, interpersonal Ol management competencies include innovative teamwork,
inter- and intra- organisational collaboration and innovative project management. These
competencies reflect specific sets of skills and abilities needed for successful exploration,
combination and exploitation of innovation at the organisational/group level.
Intrapersonal competencies encompass creative work, entrepreneurial leadership and
failure tolerance. These are independent of the work context and fully transferable and
are approached at the individual intrapersonal level, regardless of organisation and work
profile.

The CMOI also embodies Mortara et al.’s (2009) introspective, extrospective and
interactive competencies. In particular, the distinct Ol management competency captures
Mortara et al.’s interactive competencies by emphasising the value (both internally and

This article is © Daria Podmetina, Klas Eric Soderquist, Monika Petraite and Roman Teplov. Published
by Emerald Publishing Limited. This article is published under the Creative Commons Attribution (CC BY
4.0) licence. Anyone may reproduce, distribute, translate and create derivative works of this article (for
both commercial & non-commercial purposes), subject to full attribution to the original publication and
authors. The full terms of this licence may be seen at http://creativecommons.org/ licences/by/4.0/legalcode




externally) of relations with the world external to the organisation and the technical skills
that support these relations. that support these relations. However, the CMOI focuses on
integration rather than differentiation of skills and abilities to ensure effective Ol
management within the organisation and across the ecosystem. In relation to Hafkesbrink
and Schroll (2014), while the distinct Ol management competency captures both
professional and personal competency categories, our interpersonal and intrapersonal
competency categories correspond to their social and methodic competencies,
respectively. Additionally, our competency model affords Ol ambidexterity by building
on data that explicitly integrate Ol exploitation and exploration activities.

Insert Figure 4 about here

The proposed competency model contributes to the professionalisation of Ol management
(Chesbrough and Brunswicker, 2014) by identifying a distinct competency associated
with Ol activity, as well as supporting interpersonal and intrapersonal competencies.
These competencies support the job functions identified in companies searching for Ol
professionals as listed by Dabrowska and Podmetina (2014). As a whole, the proposed
competency model answers the research question concerning the essential individual
competencies for Ol management and how these can be incorporated into a generic
organisational competency model for Ol. In so doing, the model complements and lends
empirical validation to the competency frameworks proposed in earlier studies. The
empirical grounding of the model enabled the integration of different theoretical
approaches into a single construct and the construction of a model that represents actual
competency development needs and perceptions based on the core activities of Ol
management. The model comprises three levels: Ol roles, areas of expertise and
individual competencies. Looking beyond the analysis of individual competencies, this
wider perspective contributes to an understanding of how organisational capabilities can
be based on individual competencies, and how both contribute to Ol processes according
to organisational needs and core areas of expertise. The competencies analysed here
reflect industry’s need for OI skills and abilities that can be clearly defined, measured and
developed on the job and/or through training whenever possible.

The model’s empirical base has two components: Ol activities and Ol competencies. It is
particularly interesting that analysis of these parts reveals Ol to be a holistic integrated
process in respect of inbound and outbound activities and their related competencies
(Chesbrough, 2003, 2006) while also a distinct process with regard to pecuniary and non-
pecuniary Ol activities (Dahlander and Gann, 2010). As a result, we have open
technology in and out sourcing, group-only pecuniary and open mass innovation-only
non-pecuniary processes. Similarly, the competency analysis revealed groups of
competencies, two of which (inter- and intra-organisational collaboration competency
and Ol distinct management competency) were clearly associated with Ol professional
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competencies, entailing mixed competencies associated with inbound and outbound Ol,
as well as with internal collaboration. This phenomenon points to the process of managing
Ol not only at intra- and extra-organisational levels (Bogers et al., 2010; West et al., 2014)
but also at inter-organisational levels as well (Rohrbeck et al., 2009). Here, the Ol
management process is expanded to include operation and management at the ecosystem
level, requiring professional competencies in internal innovation, intra-organisational
collaboration and cross-functional cooperation, external collaboration with various
stakeholders, the ability to see the organisation as part of an ecosystem and the
competency to manage collaboration at all levels.

6. Conclusions and further exploration

Contributing to the growing literature on human resource and competency management
in an Ol context, this paper identifies the individual competencies needed for adoption of
Ol and develops a generic CMOI management. These results contribute to the theory and
practice of Ol and HR management through the development of an original measurement
instrument, presentation of original empirical results and development of the CMOI, with
implications for both theory and practice. More precisely, our contributions can be
summarised as follows.

Theoretical contributions

Ol is a developing concept that still lacks theoretical grounding, widely accepted
measurement instruments and quantitative empirical studies (Bogers et al., 2017). The
present study contributes to theory building by proposing and validating measurement
scales for Ol activities and professional competencies. This measurement tool is generic
and can be used for Ol competencies analysis in firms that differ in size, industry and
geographical location. Using these validated measurement scales, constructs related to
open and collaborative innovation activities and their relation to competencies were
validated and analysed, contributing to the growing though still limited body of research
on the interconnections between HRM and Ol (Vanhaverbeke et al., 2014; West et al.,
2014).

The proposed CMOI builds on the existing literature (e.g. Du Chatenier et al., 2010;
Hafkesbrink and Schroll, 2014; Podmetina et al., 2015) while moving beyond the
conceptual, case-based or discrete empirical insights of those studies by proposing an
integrated view of critical Ol management competencies across all areas of Ol expertise.
This, in turn, facilitates construction of a dynamic model and links competency categories
to particular managerial roles in Ol. The core of the model is the distinct Ol management
competency, supported by professional, interpersonal and intrapersonal competencies, so
reinforcing the conceptual links between competencies and innovation management
(Mulder, 2015; Petroni et al., 2012).
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We found empirical evidence that, rather than focusing separately on inbound/outbound
or internal/external collaboration processes, many companies instead consider Ol as a
holistic process and treat the organisation as part of an ecosystem, involving collaboration
at different levels. This view informs recent calls for a more integrated approach to the
different areas and levels of analysis in Ol studies (Bogers et al., 2017).

Practical implications

The results of this study build linkages between HR, competency and innovation
management and provide insights for managers of different levels and functions. These
results show how individual competencies can help to realise the potential of Ol by
articulating a model of the requisite competencies for executing Ol and collaborative
activities and constructing the organisational competencies for Ol (Bogers et al., 2017).

For practitioners, the following implications support the implementation, development
and management of Ol in organisations. Based on the CMOI model, we can trace the Ol
professional’s profile, which includes specific knowledge of the ecosystem, a holistic
approach to company operations and knowledge of inbound, outbound, internal and
external collaboration processes. Additionally, the Ol professional should possess a
number of intrapersonal competencies, including creativity, leadership and
entrepreneurial skills, as well as risk awareness and failure tolerance.

The linking of individual Ol competencies and organisational level expertise, processes
and managerial roles contributes to the discussion about how companies can build and
structure an Ol function. To date, the cross-functionality of Ol has been neglected, and
our results support managers in organising Ol and clarifying linkages between Ol and
internal, cross-functional collaboration. The inventory of internal processes and
competencies can help companies to establish distinct competitive advantages through
innovation. The competency model for Ol described here provides a general framework
for Ol competency analysis and development in organisations of different sizes across
industries and countries. We believe that successful development of an organisational
competency in Ol is highly dependent on general characteristics such as company aims
and ambition, management capability and maturity rather than just on the choice of Ol
mode. However, further success within each of the Ol modes will depend on acquiring a
set of skills to pursue particular activities. For example, while expertise in open
technology in and out sourcing requires competencies in industry standardisation, the
success of open mass innovation will rely heavily on the ability to apply crowdsourcing
to OIl, and improvement in open collaborative innovation requires a focus on
collaboration for innovation with external partners. On the other hand, each of the
identified Ol processes requires the full set of skills for Ol management competencies
within organisations. It is also important to note that although Ol activity modes were
extracted for analytical purposes, firms in reality combine various Ol modes, resulting in
coupled Ol. In this regard, skill and competency combinations remain to be further
elaborated in relation to Ol management maturity, engagement level and other variables.
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Limitations and future research

The present study has some limitations that should be addressed in future research. First,
the data were collected from just one key informant per company. Although we sought to
ensure that the respondent was a senior manager responsible for innovation, we cannot
rule out the possibility of some bias in terms of how Ol activities and related competencies
are perceived. Future studies should therefore be designed to capture more opinions from
each company, especially those of HR managers, CEOs and project managers in addition
to innovation managers. This leads to a second limitation, as the exploratory nature of the
research invites more systematic investigation of Ol activity modes and competencies
that inform the resulting competency model. In particular, competencies should be
evaluated by an inter-professional sample of employees who are involved in and/or
responsible for innovation, development and HR management, along with leaders of
innovating companies.

Third, although the sample was of sufficient size for the analyses undertaken, it was too
small to enable more fine-tuned analysis of regional differences across Europe in terms
of how Ol is managed through the development and implementation of competencies.
Further analysis of these differences (which we assume reflect cultural variations) would
be an interesting research direction that could be realised by introducing variables
measuring cultural characteristics such as leadership style, strength of hierarchy, team
dynamics and relational trust, and linking these to the most important Ol competencies.
Fourth, the present study did not control for familiarity with competency management
and the possible use (or not) of a competency management system in the responding
organisations. As our aim was to include companies of all sizes across most European
countries, no such control was introduced because of the potential for definitional
confusion and possible misinterpretation. In more focused samples, future research
should introduce such controls and should analyse the interplay between more or less
advanced HR practices and Ol implementation and outcomes.

In conclusion, this paper makes a significant contribution to the study of Ol by proposing
measurement tools for Ol activities and competencies, and by developing the Ol
management competency model. This research invites discussion of required and desired
employee skills in firms implementing OI. It also proposes an interdisciplinary approach
by seeking to integrate Ol and HRM research streams, which can contribute to the
development of practices related to Ol human resource management, including training,
reward systems, recruitment and an understanding of the role of Ol managers.
Additionally, the questionnaire and validated scales provide a unique tool for evaluating
current and desired Ol-related skills. We believe that the present findings will be of great
value to a wide range of innovation professionals in academia, industry and consulting
and will stimulate debate around the crucial common competencies for Ol, as well as
competencies related to local industrial needs.
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Appendix: Operationalisation of variables

Retained variables Measurement Sources
(in brackets [...] the aggregated or other integrated variables)
What skills should an open innovation specialist have? Please evaluate 1 not
the importance of the following items important, 7

IP- management skills, Negotiation skills, Entrepreneurial skills,
Leadership skills [Decision-making skills, Evaluation of risks], Team-
working skills, Multi-tasking skills, Problem-solving skills [Knowledge
concentration, Knowledge brokerage], Virtual collaboration skills,
Internal collaboration skills, External collaboration skills [Understand
the fit with partners’ strategies, Resolve conflicts, Business knowledge],
Trust skills, Communication skills, Networking skills
What abilities should an open innovation specialist have? Please evaluate
the importance of the following items
Technology and business mindset, Project management, Adaptability
and flexibility, Managing the inter-organisational collaboration process,
Ability to work in an interdisciplinary environment, Ability to work in
internal cross-functional teams [Develops team spirit, Feels responsible
for the team, Deals with flexible team composition], Strategic thinking
[Vision, Coping with complexity, Novel and adaptive thinking],
Creativity, New media literacy, Cultural awareness, Ability to work with
different professional communities [Possesses knowledge and
perceptions of various professional areas and languages, Systems
thinking, Synthesis thinking], Ability to share knowledge and ideas
internally/within the organization [Ability to learn, Sociability, Shares
information freely with others], Ability to share knowledge and ideas
externally [Ability to learn, Sociability, Shares information freely with
others], Risk awareness, Failure tolerance [Ambiguity tolerance,
Dialectic thinking, Mediation].
Open innovation Activities - Measurement of actual level of open
innovation adoption
Do you adopt the following activities in your company?

1. Customer and consumer co-creation in R&D projects

2. Crowdsourcing

3. Scanning for external ideas

4. Collaborative innovation with external partners (i.e.
suppliers, universities, competitors...)
Subcontracting R&D
Idea and start-up competitions
Using external networks (e.g. associations, intermediaries,
knowledge brokers)
8. Participation in standardisation (public standards) /

influencing industry standards
9. Free revealing (e.g. ideas, IP) to external parties
10. IP in-licensing
11. IP out-licensing
12. External technologies acquisition
13. Selling unutilised/unused technologies

No»

Size

Industry

very important

1 not
important, 7
very important

Intensity of
adoption: 1-
No, we don't
(adopt), 2-
Very seldom,
9-Very

Large >250,
Small and
Medium-sized
10-250, Micro
1-9

Nominal
variable

Mortara et al. (2009);
Du Chatenier et al.
(2010); Hafkesbrink
and Schroll (2014);
Dabrowska and
Podmetina (2014)
and interpreted by
authors

Chesbrough and
Brunswicker (2013;
2014) and interpreted
by authors.

The European Union
classification

Global Industry
Classification System
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(GICS)
(www.msci.com/gics)
High-tech 1-High tech Global Industry
0-Low and Classification System
medium tech (GICS). Kile and
Phillips (2009)
Region Nominal
Northern Europe: Denmark, Estonia, Finland, Ireland, Latvia, variable
Lithuania, Norway, Sweden, United Kingdom
Southern Europe: Bosnia and Herzegovina, Croatia, Cyprus, Greece,
Italy, Macedonia, Malta, Portugal, Serbia, Slovenia, Spain
Western Europe: Austria, Belgium, France, Germany, Luxembourg,
Switzerland, the Netherlands
Eastern Europe: Czech Republic, Hungary, Poland, Romania, Slovak
Republic

Adopted from Podmetina et al. (2017) pp. 8-10
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Tables

Table 1. Indicative individual open innovation competencies from the literature

Indicative Ol skills

Indicative Ol abilities

Indicative competency
clusters

Mortara et
al., 2009

Du Chatenier
etal., 2010

Hafkesbrink
and Schroll,
2014

Dabrowska
and
Podmetina,
2014

Understand fit with internal
strategies, Understand IP
implications, Understand fit
with partners’ strategies,
Communication internally
and to partners, Resolve
conflicts, Building
networks, Evaluation of
risk, Problem solving.

Negotiate, Establish team

goals, Coordinates and
synchronises team
members, Monitors,
evaluates, and provides
feedback on team and
individual performance.
Multitasking,
Entrepreneurial skills,

Knowledge concentration,
Knowledge brokerage.

Decision-making skills,
Business knowledge,
Leadership skills, Virtual
collaboration skills, Trust
management skills

Ability to learn, Sociability,
Techno-business mindset,
Systems thinking, Vision,
Adaptability, Flexibility.

Develops team spirit, Feels
responsible for the team,
Deals with flexible team
composition, Manages the
inter-organisational

collaboration process,
Possesses  knowledge and
perceptions  of  various
professional areas and
languages, Shares
information ~ freely  with
others.

Ambiguity tolerance,

Dialectic thinking, Synthesis
thinking, Strategic thinking,
Creativity, Coping  with
complexity, Mediation.

Project management, New
media  literacy,  Cultural
awareness, Novel and
adaptive thinking, Ability to
work in an interdisciplinary
environment, Ability to share
knowledge and ideas
externally, Risk awareness.

Introspective,
Extrospective,
Interactive,
Technical.

Self-management,

Interpersonal
management,

Project management,
Content management.

Professional,
Methodic,
Social,
Personal.

Individual skills and
abilities useful for Ol
professionals,

Ol-specific skills and
abilities.
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Table 2. Descriptive sample statistics

Region Western Europe (12.9%), Southern Europe (36.4%), Northern Europe
(19.7%), Eastern Europe (21.1%)

Industry Consulting (4.5%); Consumer Discretionary (14.4%); Consumer Staples
(7.6%); Energy (4.9%); Financials (6.1%); Health Care (4.2%); Industrials
(28.4%); Information  Technology (17.0%); Materials (10.6%);
Telecommunication Services (1.1%); Utilities (1.1%)

High-tech High-tech (18.2%); Other (low and medium tech) (81.8%)

Manufacturing vs Manufacturing (37.1%) Service (62.9%)

Service

Size Large (more than 250 people, 38.3%); SMEs (10-250 people, 40.5%); Micro

enterprises (1-9 people, 21.2%)
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Table 3. Scale reliability analysis — open innovation activities

Variable Item-Total ~ Alpha if
Correlation  item
deleted
Open innovation activities (Alpha=0.863, N of items=13)

1. Customer and consumer co-creation in R&D projects 0.494 0.856

2. Crowdsourcing 0.484 0.856

3. Scanning for external ideas 0.507 0.855

4. Collaborative innovation with external partners (i.e. suppliers, universities, 0.560 0.852
competitors...)

5. Subcontracting R&D 0.505 0.855

6. ldea and start-up competitions 0.573 0.851

7. Using external networks (e.g. associations, intermediaries, knowledge 0.521 0.854
brokers)

8. Participation in standardisation (public standards) / influencing industry 0.425 0.860
standards

9. Freerevealing (e.g. ideas, IP) to external parties 0.566 0.852

10. IP in-licensing 0.568 0.851

11. IP out-licensing 0.676 0.846

12. External technologies acquisition 0.554 0.852

13. Selling unutilised/unused technologies 0.473 0.857

Adopted from operationalisation of variables in Podmetina, Equey, Kleer, Lopez Vega, Dabrowska, Albats, Petraite,
Soderquist, Rethi and Hafkesbrink (2017, pp. 8-10) and Podmetina, Soderquist, Dabrowska, Hafkesbrink and Lopez-
Vega (2017, pp. 8-10)
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Table 4. Scale reliability analysis — open innovation competencies

Variable Item-Total ~ Alpha if
Correlatio  item
deleted
Open Innovation Competencies (Cronbach Alpha=0.912, N of items=28)
Skills 1. IP management skills 0.300 0.914
Skills 2. Negotiation skills 0.475 0.910
Skills 3. Entrepreneurial skills 0.457 0.910
Skills 4. Leadership skills 0.449 0.910
Skills 5. Team-working skills 0.528 0.909
Skills 6. Multi-tasking skills 0.471 0.910
Skills 7. Problem-solving skills 0.477 0.910
Skills 8. Virtual collaboration skills 0.485 0.910
Skills 9. Internal collaboration skills 0.547 0.909
Skills 10. External collaboration skills 0.605 0.908
Skills 11. Trust skills 0.555 0.908
Skills 12. Communication skills 0.549 0.909
Skills 13. Networking skills 0.545 0.909
Abilities 1. Technology and business mindset 0.399 0.911
Abilities 2. Project management 0.422 0.911
Abilities 3. Adaptability and flexibility 0.570 0.908
Abilities 4. Managing inter-organisational collaboration processes 0.549 0.908
Abilities 5. Ability to work in an interdisciplinary environment 0.595 0.908
Abilities 6. Ability to work in internal cross-functional teams 0.619 0.908
Abilities 7. Strategic thinking 0.497 0.909
Abilities 8. Creativity 0.410 0.911
Abilities 9. New media literacy 0.483 0.910
Abilities 10. Cultural awareness 0.555 0.908
Abilities 11. Ability to work with different professional communities 0.629 0.907
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Abilities 12. Ability to share knowledge and ideas internally / within an organisation 0.564 0.908

Abilities 13. Ability to share knowledge and ideas externally 0.534 0.909
Abilities 14. Risk awareness 0.497 0.909
Abilities 15. Failure tolerance 0.382 0.912

Adopted from operationalisation of variables in Podmetina, Equey, Kleer, Lopez Vega, Dabrowska, Albats, Petraite,
Soderquist, Rethi and Hafkesbrink (2017, pp. 8-10) and Podmetina, Soderquist, Dabrowska, Hafkesbrink and Lopez-
Vega (2017, pp. 8-10)
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Table 5. Importance of open innovation competencies for companies of different sizes (Means)

Variable Large SMEs, 10 Micro, 1-9  Full Welch’s
-249 ANOVA
Skills 1. IP management skills 5.178 5.346 5.804 5.379 2.984
Skills 2. Negotiation skills 5.238 5.224 6.054 5.405 8.374*
Skills 3. Entrepreneurial skills 5.515 5.383 5.821 5.527 1.823
Skills 4. Leadership skills 5.218 5.290 5.321 5.269 0.130
Skills 5. Team-working skills 6.069 6.047 6.143 6.076 0.128
Skills 6. Multi-tasking skills 5.267 5.495 5.536 5.417 0.933
Skills 7. Problem-solving skills 5.812 5.916 6.143 5.924 1.210
Skills 8. Virtual collaboration skills 5.277 5.234 5.286 5.261 0.041
Skills 9. Internal collaboration skills 5.644 5.738 5.982 5.754 1.647
Skills 10. External collaboration skills 5.891 5.841 6.143 5.924 1.653
Skills 11. Trust skills 5.653 5.766 5.804 5.731 0.389
Skills 12. Communication skills 6.129 6.150 6.250 6.163 0.300
Skills 13. Networking skills 5.970 5.822 6.196 5.958 2.263
Abilities 1. Technology and business mindset 5.950 5.916 6.179 5.985 0.987
Abilities 2. Project management 5.446 5.636 5.625 5.561 0.745
Abilities 3. Adaptability and flexibility 5.960 5.682 6.000 5.856 2.128
Abilities 4. Managing inter-organisational collaboration  5.762 5.439 5.875 5.655 3.123*
processes
Abi_lities 5. Ability to work in an interdisciplinary 5.762 5.748 6.036 5.814 1.477
environment
Abilities6. Ability to work in internal cross-functional  5.891 5.682 6.000 5.830 1.784
teams
Abilities 7. Strategic thinking 5.782 5.841 5.929 5.837 0.296
Abilities 8. Creativity 5.980 6.047 6.054 6.023 0.131
Abilities 9. New media literacy 5.129 5.065 5.500 5.182 1.744
Abilities 10. Cultural awareness 5.257 4.692 5.089 4.992 4.884*
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Abilities 11. Ability to work with different professional ~ 5.713 5.551 5.804 5.667 0.970
communities

Abilities 12. Ability to share knowledge and ideas 5.911 5.907 6.143 5.958 1.144

internally / within an organisation

Abilities 13. Ability to share knowledge and ideas 5.693 5.710 5.911 5.746 0.722

externally

Abilities 14. Risk awareness 5.535 5.701 5.643 5.625 0.561

Abilities 15. Failure tolerance 5.594 5514 5.446 5.530 0.239
*p<0.05
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Table 6 Factor analysis of open innovation activities

Factor name

Open Open Mean of
technology Open mass collaborative intensity of
sourcing innovation innovation  adoption of
the activity

Open Innovation Activities within Firms 1 2 3

10. IP in-licensing 0.731 0.243 0.116 2.909
12. External technologies acquisition 0.717 0.196 0.127 4.311
13. Selling unutilized / unused technologies 0.671 0.051 0.182 2.693
11. IP out-licensing 0.654 0.322 0.301 2.660
8. Participation in standardization (public standards) / influencing 0.560 0.078 0.196 3.947
industry standards

6. Idea and start up competitions 0.426 0.303 0.421 3.163
9. Free Revealing (e.g. Ideas, IP) to external parties 0.265 0.759 0.135 2.943
2. Crowdsourcing 0.155 0.743 0.139 2.898
7. Using external networks (e.g. associations, intermediaries, 0.243 0.632 0.202 4.167
knowledge brokers)

4. Collaborative innovation with external partners (i.e. suppliers, 0.212 0.146 0.782 5.570
universities, competitors...)

5. Subcontracting R&D 0.331 -0.019 0.717 4.053
3. Scanning for external ideas 0.145 0.300 0.621 5.405
1. Customer and consumer co-creation in R&D projects 0.022 0.427 0.610 4.792
Cronbach alpha 0.766 0.685 0.727

Mean 3.304 3.336 4.955
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Table 7. Factor analysis of open innovation skills and abilities in firms, determining the

competency clusters.

Component
ol Entreprene Innovative ~ Creative  Innovation  Inter and Failure
manageme -urial team work work process intra Tolerance
nt leadership competency competency competency organisa-
competency competency tional
Open Innovation Skills and Abilities collaborati
in Firms on
competency
1 2 3 4 5 6 7

Abilities 11. Ability to work 0.724 0.049 0.043 0.250 0.030 0.199 0.141
with  different professional

communities
Abilities 12. Ability to share 0.667 -0.098 0.002 0.350 0.010 0.290 0.095
knowledge and ideas

internally  /  within  an

organisation

Abilities 13. Ability to share 0.664 -0.054 0.051 0.249 0.066 0.019 0.231
knowledge and ideas

externally

Abilities 6. Ability to work in 0.639 0.171 0.217 0.310 0.076 0.099 -0.133
internal cross-functional teams

Abilities 5. Ability to work in 0.587 0.252 0.176 0.199 0.199 0.050 -0.111

an interdisciplinary

environment

Skills 13. Networking skills 0.581 0.202 0.029 -0.059 0.138 0.302 0.153
Abilities 4. Managing inter- 0.572 0.142 0.153 -0.103 0.256 0.073 0.259
organisational  collaboration

processes

Abilities 3. Adaptability and 0.564 0.189 0.224 0.011 0.095 -0.019 0.372
flexibility

Skills  12.  Communication 0.525 0.341 0.165 -0.151 0.294 0.246 -0.126
skills

Abilities 10. Cultural 0.515 0.259 0.230 0.127 -0.134 0.096 0.310
awareness

Skills 3. Entrepreneurial skills 0.033 0.711 0.129 0.230 0.023 0.142 0.252
Skills 4. Leadership skills 0.180 0.640 0.290 0.153 0.067 -0.055 -0.038
Skills 11. Trust skills 0.382 0.469 0.136 -0.014 0.207 0.361 -0.065

Skills 7. Problem-solving 0.042 0.157 0.704 0.181 0.159 0.223 0.073
skills
Skills 6. Multi-tasking skills 0.158 0.205 0.665 0.148 0.105 0.082 0.027
Skills 8. Virtual collaboration 0.225 -0.085 0.476 0.147 -0.054 0.408 0.431
skills

Skills 5. Team-working skills 0.398 0.332 0.470 -0.012 -0.032 0.139 0.039
Abilities 8. Creativity 0.081 0.185 0.172 0.675 0.046 0.146 0.002
Abilities 9. New media 0.222 0.008 0.311 0.589 0.033 0.109 0.166
literacy

Abilities 14. Risk awareness 0.256 0.135 0.053 0.505 0.398 -0.097 0.218
Abilities 7. Strategic thinking 0.363 0.411 -0.046 0.446 0.178 -0.031 -0.045
Skills 1. IP management skills 0.044 -0.023 0.085 0.117 0.770 0.133 -0.078
Skills 2. Negotiation skills 0.153 0.415 0.109 -0.050 0.575 0.144 0.159
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Abilities 2. Project 0.296 -0.057 0.393 0.139 0.563 -0.322 0.138
management

Abilities 1. Technology and 0.091 0.275 -0.214 0.321 0.447 0.224 0.255
business mindset

Skills 9. Internal collaboration 0.218 0.134 0.300 0.219 0.065 0.738 0.003
skills

Skills 10. External 0.426 0.074 0.150 0.064 0.170 0.684 0.134
collaboration skills

Abilities 15. Failure tolerance 0.207 0.078 0.052 0.114 0.094 0.042 0.762
Cronbach’s Alpha 0.871 0.632 0.662 0.612 0.626 0.787 NA
Mean 5.764 5.509 5.806 5.610 5.582 5.839 5.530
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Table 8 Descriptive statistics, reliabilities, and correlation matrix for open innovation skills and
abilities, factor solution

Factor n Mean SD Cronbach’s Correlation matrix
score alpha
Factorl Factor2 Factor Factor Factor Factor  Factor
3 4 5 6 7
Factor 1 264 5764 0765  0.871 1
Factor 2 264 5509 0971  0.632 .528* 1
Factor 3 264 5806 0924  0.662 .508* .514* 1
Factor 4 264 5610 0914 0.612 .514* .409* 413* 1
Factor 5 264  5.582 0.923 0.626 A57* 422* .351* 428* 1
Factor 6 264 5839 0988  0.787 .576* 446* A472* .372* .318* 1
Factor 7 264 5530 1.319 NA .368* .196* .241* .303* .227* 232% 1
*p<0.01
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Table 9. Importance of open innovation skills and abilities (Ol competency clusters) for the
intensity of adoption of open innovation activities

Competency ol Entrepreneurial  Innovative  Creative work Innovation Inter and intra  Failure
Clusters management leadership teamwork  competency process organisational Tolerance
competency ~ competency  competency competency  collaboration
competency

Open Innovation
Activity Mode 1 2 3 4 5 6 7
open technology 5.764 5.509 5.806 5.610 5.582 5.839 5530
sourcing
N 264 264 264 264 264 264 264
Low (0-2) 5.643 5.385 5.646 5.578 5.439 5723 5414
N| 128 128 128 128 128 128 128
Medium (3-4) 5.838 5.547 5.957 5.663 5.682 5935 5598
N 92 92 92 92 92 92 92
High (5-7) 5.961 5.788 5.955 5.591 5.790 5977 5727
N 44 44 44 44 44 44 44
Welch’s ANOVA 3.681* 3.286* 3.727* 0.252 3.309* 1.806  1.082
open mass 5.764 5.509 5.806 5.610 5.582 5.839 5530
innovation
N 264 264 264 264 264 264 264
Low (0-2) 5.650 5.356 5617 5570 5.535 5.685 5519
N| 135 135 135 135 135 135 135
Medium (3-4) 5.780 5.542 5.958 5.644 5.503 5938 5580
N 88 88 88 88 88 88 88
High (5-7) 6.105 5.943 6.098 5.667 5.909 6.134  5.463
N 41 41 41 41 41 41 41
Welch’s ANOVA 6.700* 8.670* 6.578* 0.255 4.232* 4.073*  0.102
open  collaborative 5.764 5.509 5.806 5.610 5.582 5.839 5530
innovation
N 264 264 264 264 264 264 264
Low (0-2) 5.843 5.424 5.750 5,515 5.563 5909 5591
N| 44 44 44 44 44 44 44
Medium (3-4) 5.641 5.378 5.704 5.622 5.478 5711 5533
N 90 90 90 90 90 90 90
High (5-7) 5.822 5.628 5.895 5.633 5.662 5.904 5508
N 130 130 130 130 130 130 130
Welch’s ANOVA 1.668 1.950 1.206 0.289 1.120 1.027  0.064

*p<0.05
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Figures

Skills 12. Communication skills [ N N R 6,163
skills 5. Team-working skills [ N R 5,076
Skills 13. Networking skills [ N MR S o5s
Skills 7. Problem-solving skills [ R G524
Skills 10. External collaboration skills [ R G o24
Skills 9. Internal collaboration skills [ 5,754
Skills 11. Trust skills [ R 5 731
Skills 3. Entrepreneurial skills [ NN G527
Skills 6. Multi-tasking skills [ RGN 5,417
Skills 2. Negotiation skills [ NN s 405
Skills 1. IP management skills [ R =70
Skills 4. Leadership skills [ R s 2co
Skills 8. Virtual collaboration skills | R 5.2l
Average [N 576

Figure 1. Importance of open innovation skills
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Ability 8. Creativity [N 023
Ability 1. Technology and business mindset [ RN S.035
Ability 12. Sharing ideas internally IR 5,058
Ability 3. Adaptability and flexibility [ S, c56
Ability 7. Strategic thinking N 5,337
Ability 6. Working in cross-functional teams [ S 330
Ability 5. Working an interdisciplinary... R 5,514
Ability 13. Sharing ideas externally [ NN 5,746
Ability 11. Working with different communities [N 5,667
Ability 4. Managing collaboration processes [N 5,655
Ability 14. Risk awareness [ NN G G25
Ability 2. Project management [N 5561
Ability 15. Failure tolerance [N 5,530
Ability 9. New media literacy [ NN 5,182
Ability 10. Cultural awareness [N 4,092
Average [N 5,684

Figure 2. Importance of open innovation abilities
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Execution / Roles Open Innovation manager
Network and partnership manager
Knowledge manager
Intellectual Capital Manager
R&D Manager/ Chief Technology Officer
Product Marketing Manager
Technology Scouting Manager
Areas of Expertise/ Open technology (in and out) sourcing
processes e  External technologies acquisition
e Selling unutilised/unused technologies
e Intellectual property in- and out-licensing
e Participation in standardisation
Open mass innovation
e  Free revealing of ideas and intellectual property to external parties
e  Crowdsourcing
e Using external networks
e Idea and start-up competitions
Open collaborative innovation
e  Collaborative innovation with external partners
e  Subcontracting R&D
e  Customer and consumer co-creation in R&D projects
e Scanning for external ideas
Ol management distinct competency

Professional
competencies

Cultural awareness

Ability to work with different professional communities

Ability to share knowledge and ideas internally / within an organisation
Ability to share knowledge and ideas externally

Ability to work in an interdisciplinary environment

Ability to work in internal cross-functional teams

Communication skills

Networking skills

Adaptability and flexibility

e Managing inter-organisational collaboration processes

Interpersonal
competencies

Innovative team work
competency

Inter and intra
organisational
collaboration
competency

Innovation process
competency

Team-working skills
Multi-tasking skills
Problem-solving skills

Internal collaboration
skills
External collaboration
skills

IP management skills
Negotiation skills
Technology and business
mindset

Project management

Intrapersonal
competencies

Creative work
competency

Failure tolerance

Entrepreneurial
leadership competency

Creativity
New media literacy
Risk awareness

Failure tolerance

Entrepreneurial skills
Leadership skills
Trust skills

Figure 4. Open Innovation Management Competency Model
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